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[nfroduction and objecfive:;

A chronic disease.ls an important problem that sh-
ould be raced by health planning especially in developing
countries. Among these diseases, Chronic Kidney disease is
of gfeaT importance in Egypt, because of the grea+ spread

of Bllharzlasls which leads ultimately to renal failure.

Treatment of renel fallure is subdivided into two
stages:-

1- Dilalysis : means treatment by artificial kidney through
interment haemodialysis, which was not provided until
the early months of 1964. Although the experience of
the first dialysis center in Egypt has now expanded,the
providing of dlalysis treatment is sllll on a small sc-
ale. The number of subjects who would need dialysis is
very large in comparison with the available resour-
ces of treatment. Hence, according to an estimation (1)
made in 1976 and with the present standard of medical
care, only 5% of the potentlally fit candidates would
;be dialysed. |f follows that a sysfem should be put for
the proper choice of the fitted subJacfs for reguler dl?

‘. alysis treatment (RDT)-Dialysis may be lelded into two
Categories:-
a) dlalysis in hospltal.
b) home dlalysis.

In Egypt, we can say that there is no home dialysis
because of its difficulty In re-equiping home as well as
retraining the patient and his spouse and neighbours.
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Z- ridney transgtantation: which Is still under investiga-

tion. The rule of transplantation is to mop up cases

from (RDT).The mailn problem of kldney transplantation
is due tc the scaresity of kidney doners. In addition,
it there is a possibility of transpliantation, Its cost
is very high. There is a possibillity of more than one

fﬁansplanfaflon, but also In Egypt, there Is no a poss-
ibility of second transplantation.

The objective of this paper is to estimate the nu-
mber fc patients with renal failure during 1985 say. Then
8 stochastic process model Is used to estimate their dlst-
ribution among the different states of the disease In each
mornth during that year. This leads. to estimating the number
ot patients who would need dlalysis as well as the number
of transplant operators required in each month In 1985, |.e

*his lezes to an estimation of the monthly natural demanc
of sources.

The probler:-

A patient with renal fallure might go through elght
stages of the desease, starting from his first hsemodialysis.

These stages and the relations among them are glven In the
following flow chart:-
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Stage 1 :- represents the first six months on dialysis.
During this period the patient is fully invest-
igated with a view to futur transplantation,
rehoused and his spouse or nearest relation is
trained to help in home dialysis of anailable.
This period is supposed to be a preparatory
phaée.

Stage 2 :- represents a variable number of nonths that a
‘ ' paf]enf spends waiting for transplantation*:

The maximun duration of this stage is supposed
to.be six month. .pPatients could be an home di-
alysis during this stage. But as mentioned before,
there is no home dialysis in Egypt, therefore
the patient stays on a'dlalysis unit in a hosp-
ital.

‘~Stage 3 :- Represents the first month after a transplant
.and is spent in a sterile side room.
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represent the second and third months respoct-
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Ilviely after transplantation. It Is hoped that

the patients will be at home at these stages.

Stage € :- |Is a recuring state that represent the subsequ-

ent months after a successful transplantation.

Stage 7 :- represents the first month of rejiction of »a
transplant. and Is spent In a sterlle side room.
Rejlictédn means transformetion Into the dlaly-

sils poal.

éfage 8 :- represents patients on dlalysis and not belng
considered for futur transplantation. Patients
enter this state elther from the end of the
preparatory phase or from state 7. The patients
from preparatory phase are those who refuse to
conslder transplantation at any time or those
who are found unsultable on medice! ground.
Fatients from state 7 are those wlth rejected

tronsplant.

Stege 9 :- Represent death and can be entered from any

state of *he system.

In order to find out the estimated number of pat-
lents In each stoge In 1985, we will start by estimatling
the total number of patients with renal fallure during 1985,
then using o stochastic process model we will estimate thelr

cictritution arong the different states.



¢44)

% Estimation of the total number of patients
during 1985:

In order to abtain fhis estimate we need a time
:series data about the yearly number of renal failure pat-
ients in Egypt: but since there is no good registration
for the patients in Egyptian hospitals, we will take the
‘mortalities from renal failure as a guide to estimate the
'number of patients (1).

Data about mortalities that we need here come un-
der the heading "genetourinary mortalities". We will put
some criteria to find out the number of mortalities, who
would have benefited - as patients - from regular dialytic.
treatment and transplantation. These criteria take. into
consideration the following aspects:-

Aetiology:-

According to observabledate from 1960,.i+ has been
found that (1) most of the subjects who would have benefited
from RDT must had been Included under the heading" other
nephrites and nephresis"”. '

Age:

We will take only the mortalities Iin age group 30-
59 as the age distribution of mortalities from" other nep-
hrites and nephresis" shows that: after an initial peak in
thefirst 5 Years of Iife mortalities decline for the age
5 to 29 years. It rises again in the age group 30-59 years.
Henée. It Is assumed the age of the subjects who would
have satisfied the medical requirments for dialysis lies
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mostly in the age group 30-59 years.

Geographical Distribution

Finally, it is presumed that candidates for RDT
are always Urban inhabitants, due to the availability of
dialysis égypfian cenfers,'The means of transport and the
nature of individual jobs. So we will take the mortalities

from Urban Egypt only.

According to these aspects we use the number of
mortalities from" other nephrites and nephresis" in age
30-59 from Urban Egypt, in place of the unavailﬁble data
about the number of patients who would have benefited from
(RDT) and transplantation. The following table gives a time
series of this data from 1962 to 1973:-

Table (1)
Urban mortalities in age 30-59 from
other nephrites and nephrosis during 1962 to 1973

Years |Urban morfallties Tn age 30-59
from other nephrites and nephrosis |

1962 753

63 813

64 ' 894

65 : 858

66 887

67 901

69 923

70 944

71 890

72 987

73 1003




. (46)

!aurce : The official yearly reports of " Central Agency
For Mobllization And Statistics Cairo" Data inc-
luded In.these reports are presented according
to " Medliuminternational Classfication of Dise-

ases'",

According to the scatter diagram representing
rhls time serles, the regression model:
b x

: Y = 8 e
lbetween time, in years, (x) and the yearly humber of

"patlients", (Y).

Is chosen to represent the relation

fThe least squares estimate of the |inear model:-

V

|
i

LnY=1LnA4+BXIs given by:-

(LnY) = 6.6776+.0191x where x=0 at 1962 with

the following analysis of variance tabie:

Source of No.of degree Mran of
error Sum of Squares of freedom Squares
egression 0.0 5138 ' 1 .05138
eslidual 0.0 0962 9 .00077
Total | o. o383 . . 10
‘ 005138 - <
The observed F ratio = 00077 - 66,72 ; while

the tabulated F value ( = = 0.01):
l’,F1.9 = 10.501

Hence, the regresslion Is significaint at = = 0,01



(47)

The estimated number of " patients" in 1985

Y = 1265. 39 and the 99% confidence interval of
this estimate is :-
1265. 39 + 185. 89

As there are no seasonal effects, it &s assumed
here that the yearly number of patients is
equaly divided among the 12 months, i.e.the estimated nu-
mber of " patients" from other nephrites and nephrosis
in age group 30-59 from Urban Egypt in 1985 range between
105 % 15.5 ( == 0.01) |

%% The monthly distribution of estimated patients amoﬁg

different states of the system:-

To obtain this distribution a stochastic model is
proposed. In this model there .are 19 states each of which
has a duration of one month (see the note following the
transition matrix). The states are depected from the flow
chart given earlier. The numerical values for the transit-
ion probabilities among the different states of this model
should be obtained from a set of data about patients in
Egyptian hospitals. But since the Egyptian exper}ence in
dialysis and ?ransplanfafion'is Very limited , it. has béen'
difficult to obtain accurate information in order tc assess
These‘probabi|i+iesf Therfore, we have to incorport reliable
data from similar but older experience. We will use the |
following transition mafrik which is bésed oh-prgbablli+iés
estimated from the experience of an English hospital (2).
But as the English experience. in dialysis and +ransplénfa-

tion expended, there is a possibility of second and third



(48)

transplant, Therfore, we have neglected the second and th-
ird transplantation and its subsequent months from the pr-
evious flow chart and their numerical values from the +ran--
. sltion probalities matrix.

» Since the transition of the patient to any"future"
state depends only on his "present" state and is completly

Independent of his "past" state, our stochastic model is
in fact a Markov Chain.

The Transilation Ma+trix

0 LIL2IL3VW \8 o6 81 29 23 24 2546 3 4 & 6 7

o wn &

7
0 1I.00
I, I .00 tao
1,2 .0 930
1,3 .06 94
I,4 . .04 | |98
1,5 .02 g¢
I,6 .0I k4
2,I .02 3605] 6135
2,2 .02 444 3826
2,3 .02 | 1225 2335
2,4 .02 7832 2/08
2,5' .02 | | go13| 1727 ’
2,6 .02 2294l 1506
3 .03 . .25 42
.03 82 .13
0% | ‘ g2 |14
- 004 .98 |ol6
v .05 ‘
8 .05
el
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Note : fn this matrix, the states 0,3,4,5,6,7,8 corﬁespond
to the stages with the same numbers in the flow chart,
statesl,Il,,2- ..,1,6 represent the diffent months
within stage 1,i.e, the different months that repre-
sent the preparatory phase, States 2,1,...,2,6 rep-
resent the six months within stage 2 which represent
the maximum duration of t+ime waiting for +transplana-

tion.

|+ should be noted that using this Markov Chaln

Model Implies the following +wo basic assumptions(2).

The firist: is that the probability of passing through more

than one state in any one month is zero. Thus, the patient
may transit to only one state in each month and to another
state .in the next month. In fact it is possible for a pat-
ient to have a transplant, reject his kidﬂey, and die all

in tThe space of a few days,. But.this potential resource of
error is supposed to be negligible. The importance of this
assump+ion is that single-+ransac+ibn can occur only af‘mo-

nthly intervals, i.e, the system is abserved at a discrete

set of +ime, hence, it is a Discrete Markov Chain.

The Second: is that all prbbabflifles are constant with:
time and are Independent of the previous progress of the
~patient through the unit. '

Naw let

P : represent the fransiéion probabilities matrix.
X : represent the vector deaning the distribution

' of the patients on each state of the system
at the end of month (i) and. -
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X _ : represent the distribution of the patients

at the beginning of the first month:-

i = 1,2,.4.

Applying this rule together with the proposed nu-
merical transision matrix and our estimate of the monthly
number of new " patients " who join the system at the be-
ginning of each month (presumbly in state 11); we obtain

the following results:-
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Table (2)

The distribdfioh ot %hé>estihated
patients in I985 among the different
states of the disease by end of each

month .
1 :
oty o s |Te [21]2, 23 2# 25"2; 3u (56|78
I]o0
2 |1 105 | 104
3 |8 105| 104 (98
4 {20 105( 104 [98 {93
%5 34 I05] I04 {98 [93 91
6 |48 105| 104 |98 |93 (91 |86 5
7 |64 I05| I04 |98 (93 (91 (86 BI ‘ 54 9
8 |&z I05| I04 |98 {93 (9 (86 [3I |18 | 66 {46 7|13
, |103 I05| 104 |98 |95 |91 |86 [3I |I& | I3 71(57 137 Tu |24
10 |129 105| 104 {98 [95 T |8 |31 |18 |13 |10 7460 |47 {30 |21 40
11 |165 I05| Io4 |98 |93 I |86 |3 {18 | I3 |I0]| 8 | 76|63 (49|68 |o4| 62
I2 | 185 I05| IO+ |98 |93 PI (86 |31 (I8 | I3 |I0[15 | 77(65(52 [le6j25| 86
Hence, at the end of 1985, about 185 patients
will die, 77 paTienTéfwill be ready forjfransplanafion

end about 86 patients will need dialysis.
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