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Introduction

The waiting times for coronary artery bypass
grafting (CABG) were such that
25%0,50%0,75% and 90% of the patients
underwent surgery within 5,12,23 and 46
weeks.

(Sobolev & Kuramato, 2008)

Viadimir:

What do we do now?
Estragon:

Wait.

Waiting for Godot
Samuel Beckett
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Introduction

How long do people wait?
England, 1994

A Department of Health
spokesperson insisted that
“... ‘half of all patients on
waiting lists are already
seent in five weeks'...”

And of those ‘already seen’ And of those ‘still waiting’
between 1 July and 31 at 30 September 1994,
December 1994, 514,662/1,071,101 = 48%
1.506,883/2,017,685 = 75% had been waiting less than
had waited less than three three months.

months.

(Armstrong , 2000)




Introduction

Databases:
1. List of time to admission 2. Walting time census.
Hospital Episode Statistics Hospital Waiting List Statistics
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Lists of time to admission

List of time to admission :

Person-time at-risk

Hospital Episode Statistics

And of those ‘already seen’

between 1 July and 31
December 1994,

1,506,883/2,017,685 = 75%

had waited less than three

31,933 27,144) .

6 -
54,797 54,503 months.
. 66,719 61,307
o611 202.900
. 553 118 554,751
36/06/ 30/09/94 31/12/94
Calendar time at-risk

(Armstrong , 2000)




Lists of time to admission

And of those ‘already seen’
between 1 July and 31
December 1994,
1,506,883/2,017,685 = 75%
had waited less than three
months.

Define:
A= Number admitted to surgery in period t

The probability for surgery in period t :

Ap—3
Aoz + Az + Ag—9 + Ag_12 + As1o

P(A€0,3]) ~



Lists of time to admission

Patients are removed from the list if they reconsider the decision for
surgery, if they accept surgery from another surgeon, if they decline
admission, if they move out of the province, if they are deferred or
suspended on medical grounds, if they are suspended for administrative
reasons, if they die while awaiting surgery, if the physician decides to
try a medical treatment instead of waiting for surgery, if their conditions
preclude scheduling of surgery indefinitely, if their conditions improve
and make the surgery unnecessary, if the operation is no longer possible,
if the operation no longer offers the likelihood of improvement, or when
surgery is done.

(Sobolev et al., 2000)

“We understand that 14% of patients in Australia may

expect to be removed from the waiting list for some
reason other than admission.”

(Armstrong , 2000)




Lists of time to admission

From the two types
of patients:

7 of the one day
waliting time
compared to

1 of the seven
days waiting time
were counted.
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Lists of time to admission

Estimated probability
of undergoing surgery
as a function of waiting ~ °*

time. Data for a single
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awaiting vascular g
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(Sobolev & Kuramato, 2008)
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Waiting time census

Waiting time census:

Person-time at-risk

Hospital Waiting List Statistics
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And of those “still waiting’
at 30 September 1994,
514,662/1,071,101 = 48%
had been waiting less than
three months.

(Armstrong , 2000)




Waiting time census

Hospital Waiting List Stalistics

And of those “still waiting’ 18
at 30 September 1994, s I (1
514,662/1,071,101 = 48% i L R
141 2 904695 86984
had been waiting less than g 9]49E; 5757
three months. g
& 3264 493 2514576 2501752
E ﬂsm' 747 514662 533442
30/06/94 30/09/94 31/12/94
D9f|ne Calendar time at-risk
W, = Number that waited period of t at time of census.
W0—3

P(W €]0,3]) ~

Wo—s + Ws_g+ Ws_g + Wy_12 + W5 1o

N 514, 662
" 514,662 + 155,538 + 86,984 + 40, 184 + 17, 676

P(W € ]0,3])




Waiting time census

From the two types
of patients:

1 of the one day
waliting time
compared to

7 of the seven
days waiting time
were counted.
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Waiting time census

Problems:

1. Short waiting periods do not appear in census.

2. Stationary assumption:
Patients who enrolled in different periods are
compared.

“But the hospital waiting list for England would
not have attracted so much attention if it were
really stationary...”

(Armstrong , 2000)




Waiting time census

Problems:

3. Itis not clear how long a patient waited if the
patient appears in one census but not in the

next.

Mo_re SpeCiﬁCa”y, a ] ﬁ -149I082 153|538 1451707
patient was counted In E ¢

the Sep. 0-3 category and E S s AT e
does not appear In the g sopar sieez smla
Dec. 3-6 category. vy 00994 3112/94

Calendar time at-risk
How long did the patient
walit?
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Waiting time estimation

Waliting time estimation:
Define:
S;= Number at risk at the end of period t
A= Number admitted to surgery in period t
C,= Number censored in period t

The probability for surgery in period t for patients
still at risk at time t :

A
S, + A

Question: How to treat censored observations?

P(A=t|A>t)~




Waiting time estimation

The probability for surgery in period t for patients

still at risk at time t :

Ay
P(A=tlA>1t)~
(A=tlA>n~
By Bayes' rule
P(A=1)
P(A=t|IA>1t)=
( A > 1) PAS )
hence
P(A>t+1) Ay
> > 1) = — ~ 1 —
P(A>t+1/A>1) P(AS> 1) )




Waiting time estimation

We have seen

PA>t+1) A

Azi+lAdzt) = —p7=5 A+ 5,

The survival function can be estimated by

which is called the Kaplan Meier estimator
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Censored observations

Censored observations:

Question 1:
How many censored observations are there?

Note that censored observations are not counted

either In the list of time to admission or In the
Ccensus.

Question?2:
How to treat censored observations?



Censored observations

Question 1:

How many observations in the category of 0-3
months that enrolled between July to Sep. were
censored between Oct. and Dec.?

o
S 149j082 155|538 145|707
E ¢ '
T 26493 251|576 250/752
B
g s07747 514|662 533442
0
30/0694  30/0994  31/12/94

Calendar time at-risk



Censored observations

ANnswer:

1. Calculate the difference between the number In

category 0-3 in the Sep. census to those still waiting
In the Dec. census.

Note: The difference accounted also for
observations from 3-6 months category.

o
o 1as}os2 155{538 145|707
g ¢ WER _ WP — 514, 662 — 250, 752
L 2644493 251|576 2501752 b S ’ ’
S 3 =63
g s 514|662 533/442

0

30/06/94 30/09/94 31/12/94
Calendar time at-risk



Censored observations

2. Calculate how many of the patients that were
enrolled between July and Sep. where admitted
between Oct. and Dec.

#{Ain Oct.- Dec.| Aennrolled in July-Sep.} =
= 167,383 + 50,575 = 217,958

12 495168 16,183
. 16,808 15.833

19,174 23,436
26,383 22393

45,273 44,962

535,123 50,5735
162,029 167,383

) 456,984
IN06/94 30/09/94 31/12/94

Calendar time at-risk

Person-time at-risk
(=
L |




Censored observations

So far: Number of patients that enrolled between
July and Sep. and were censored between Oct. and
Dec. Is:

# enrolled in July-Sep. and not listed in Dec. census
minus
# enrolled in July-Sep. and admitted Oct.-Dec.

263,910
Question: How many of the

censored observations were
217,958 patients that waited 0-3
45,952 months?




Censored observations

3. Of the patients that enrolled between July and
Sep. and were admitted between Oct. and Dec.,
calculate which percentage waited 0-3 months.

P(A € [0,3]|]Ain Oct.-Dec.) =

167, 383

167,383 + 50,575

0.77

Person-time at-risk
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Censored observations

Conclude:
An estimate of the number of patients that:

enrolled between July and Sep.,
were censored between Oct. and Dec.

and waited 0-3 months:

45,952-0.77 =35,289

Number % that waited
censored 0-3 months




Censored observations

Censored observations:

Question?2:
How to treat censored observations?

Answer:

First, note that in the Kaplan-Meier estimator,

censored observations from periods t+1,... are
Indeed included.

: t A
>0 :H“[l_ A +JSJ




Censored observations

Question?2:
How to treat censored observations at period t?

Answer:
1. Assume that all were censored in the beginning of

the period and need not be included (Lower
Bound) A
P(A=t|A>t)~
A+S

2. Assume that all were censored at the end of the
period and need to be included (Upper bound)

P(A=t|Ast)~— D
A +C +3S,




Censored observations

100%:
= ¥ — ime-since-enrolment’ of those censused
: == 0= - ‘upper’ limit: ‘time-to- admission’ of those Listed

g =—O—"lower’ limil: ‘time-to-admission’ of those listed
:g = == - ‘time-to-sdmission” of those adinitted
'.'EF S04
-
2
]
= |
A
- .
3 i
=
i

(i)

0 gl I82 73 364 455 546

Number of completed days on list

(Armstrong , 2000)




Outline

Part 1 — Introduction
Part 2 — Lists of time to admission
Part 3 — Waiting time census

Part 4 — Waiting time estimation
Part 5 — Censored observations
Part 6 —|Competing risks




Competing risks

Competing risks:

“A competing event is any event whose occurrence
either precludes the occurrence of another
event under examination or fundamentally alters
the probability of occurrence of this other event.”

Examples:

(Gooley et al., 1999)

1. Medical: Death Is primary, surgery Is competing

event.

2. Medical: Surgery Is primary, urgent surgery Is

competing event.

3. Call centers: Abandonment is primary, service Is

competing event.




Competing risks

Cumulative incidence function (CIF)

The probability of any event happening Is
partitioned to the probabilities of each type of

event.

Define:
S;= Number at risk at the end of period t
E, = Number of primary events in period t
A,= Number of competing events in period t
Et
E.+A+S,

P(E=t|E>t) =




Competing risks

Cumulative incidence function (CIF)

S;= Number at risk at the end of period t
E,= Number of primary event in period t
A= Number of competing event in period t

P(E=t|E>t)~—
E, +A+S
Note:
Et
PE>t+1|E>t)#1-
E,+A+S,

—=>Kaplan-Meier estimator does not work!



Competing risks

Cumulative incidence function (CIF)

Define the survival function as before (using
Kaplan-Meiler)

St =17 | 1- -5
=11 E,+A +S,

Define the CIF as

t Vo N

_ E.
F-(t) = ’ .S(j-1
- (t) ;E.+A.+S. (j-12)

J J J




Competing risks

Death while waiting (CABG)

H_D‘!E llllllllllllllllll

CIF of
preoperative death
during or before a
certain week since
registration for
elective CABG

0.00% +

Cumulative incidence ol preoperative death

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

Time since registration (weeks)



Competing risks

Death while waiting (CABG)

{411, [T A R S N S S N T T S T TR S SR S T S

CIF compared to

1-EM — |
Kaplan-Meier oF  — |
0.03 - .

~

Probability of precperative death

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

Time since registration (weeks)



Competing risks

Death while waiting (CABG)

The Conditional
Probability
Function (CPF)
of preoperative
death from CABG.

F (1)

CRO=1 (t)

Conditional probability of death

'D.E L A 1 i L L 1 I 1 i 'l

1
0.1 7

0.05 1

Semiurgent —

Nonurgant —

Two-sample test; p = 0.002
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Y1 =~ 1T T & 1 T T &% ¥ T F
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