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Hospital Episode Statistics (HES)
Cardiac Surgical Register (CSR)
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1

CSR data
1984-87, younger than 1 year

CSR data
1988-90, younger than 1 year

CSR data
1991-Mar 95, younger than 1 year

HES data
1991-Mar 95, younger than 1 year

Cantre Mortallty Approximate
95% Interval

1 16/63 (25%) ——
2 11/66 (17%) —&—

3 10/36 (28%) ————
4 0/0(0%) i
5 23/83 (28%) ——

6 48/242 (20%) ——
7 197186 (10%) —8— |
8 55/236 (23%) -

9 15/68 (22%) —8—
1028/109 (26%) e
11 30/77 (39%) e
:

1228/187 (15%) ——

Total

.
1
28371353 (21%) ¥

Centre Mortality Approximate
95% Interval

1 31/108 (29%) ——
2 22/107 (21%) —o—

3 35/135 (26%) ——
4 14/45 (31%) ——
5 26,104 (25%) ——
6 34/198 (17%) —8—

T 25/184 (14%) —#—

8 57/362 (16%) -+

9 11/79 (14%) —81—

10 34/90 (38%) | —
1157/438 (13%) 8,
12217121 (17%) —8—

Total
367/1971 (19%)

cefpr ===

Centre Mortality Approximate
95% Interval

1 437181 (24%) | —&=
2 27,200 (13%) ——
3 26/157 (17%) -——
4 15/142 (11%)—8—

5 367217 (17%) +4—
6 49/417 (12%) 4

7 27/253 (11%) -8

8 57/360 (15%)
9 28,214 (13%) —4—
10 31/184 (17%) ﬂ—
11 67/740 (9%) 4

12 32/268 (12%) 4:—

Totah )
438,/3342 (13%) ’/

|_c_.nm Mortality Approximate
95% interval

1417143 20%) | —a—*]

2 25/187 (13%) —9—

3 247323 (T%) 4,

4 237122 (19%) —4—

5 25/164 (15%) -4—

6 427405 (10%) 8-

7 247239 (10%) -9

8 53/482 (11%)

9 26/195 (13%) —8—

1025/177 (14%) —-4—

11 58/581 (10%) 8¢

1231,/301 (10%) &

397/3319 (12%)

Total i‘/

T T T T T

Outcome measure:

Consistence both in CSR and HES only at Bristol (centre 1)

Lancet 2001; 358: 181-7.

CSR

Centre 1)

Center 11

CSR

HES

Centre 10
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1

CSR data
1984-87, 1-15 years

CSR data
1988-90, 1-15 years

CSR data
1991-Mar 95, 1-15 years

HES data
1991-Mar 95, 1-15 years

Centre Mortality Approximate
95% Interval

1247284 (8%) 4~

2 8/203 4~
317/219 (8%) 4

4 0/15 :Cﬁépl—:—
5 21/233 (9%

& 49/567 (%) #

T 11/258 (%) +~

8 52/459 (11%) '@

9 17/156 (11%) “4—
1032/213 (15%) | 84—
1116/202 (B%) —4—
1214/380 [4%) - |

Total
261318 (¥%)

[

Cantre Martality Approximate
95% interval

1 37/304 (12%) 1-8~

2 10/132 (8%) -8~

3 27/288(9%) 4~

4 3/107 (%) 4+

5 16/185 () W—

6 44/397 (11%} 8-

T 87238 (3% *

8 37/776 (5%) #"

9 T/164 (1%) #- e
1028/161 (17%) | —8—
11 25/570 (4%) &

12 19,300 (6%) #-

Total
261/3823 | k)

L=

Centre Mortality Approximate
95% interval

128/382(7%) 4~

2 6/343 (2%) &

3 17/199 (9%) IF.—

4 /67 (13%) '—8—

b /330 o) -’—

8 33/823(5%) 4

7 97358 (%) &

8 18/525 (3%) #

9 12/345 (3%) # /

10 4R/3TA(13%) | 8-

1120/ 123 (3% ¥

12 35/616 (6% #

Tatal
2604885 (5%)

-

Centre Mortality Approximate
95% interval

1 21/314(T%) “#
2 5/216 (2%) &
3 20/406 (5%) ¥
4 B/168 (4%) 8-
5 10/210 4% 8-
8 27,738 (4%) ®
T G/249 (2%) #
5 32/642 (5% ¥
@ 14/232 (6%
10 35/292 (12%) | -8~
1114/527 (3% ¥
12 257471 (5%) ¥

*

'

Total
215,/4525 (5%)

T T T L
0 10 20 30 40

T T

=]

Tl
10 20 30 40

T T T T T
0 10 20 30 40

Surgical mortality rate (%)

Figure 1. Mortality from upen procedures by centre derived from Hospital Episode Statistics (HES) and Cardiac Surgical Register (C5R)
Centre 1=Bristol Royal Infirmary. HES mortality ratee based on admissions with known outcoma,

Consistence both in CSR and HES only at Harefield (centre 10)

0 10 20 30

Lancet 2001; 358: 181-7.

R
40

Centre 10: Harafield

CSR HES
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Typeaf  Epoch Children younger than 1 year Children agad 1-15 years

m Mortality in -~ Mortalty Expected Excess  Mortality in Mortality Expected  Excess
Bristol elsewhere deaths Bristol eigewhere dedths
(deaths ‘cases)  (deaths /cases) (deaths/cases)  (deaths/cases)

Al open operations

CSR 1(1984-87) 16,83 (25%) 2T5/1308 (21%) 140 20 247284 (B%) 242/7989 (8%) 233 0.7
2 (1988-20) 317108 (29%)  336/1883 (18%) 22.3 87 37/304 (12%) 225/3333(T%) 224 146 /
3(1991-95) 437181 (24%)  395/3161 (12%) 240 19 28,382 {T%) I32/4508 {5%) 228 52
4 {1995-96)* 3/50 (6%) 126/1049 (12%) &0 -30 2/138 [1%) 42,1305 (3%) 4.4 -24
Total (1984-96) 93/402 (23%)  1132/7381 (15%) 663 267 91,1106 (8%) T41/12 135 (6%) 729 181

HES 3{1991-Mar 1995) 41/143 (29%)  356/3176 (11%) 163 241 21/314 (T%) 194/4211 (5%) 150 &0

l 4 (1505 2/24 (8%) B8/563 (12%) 28 -18 /87 31/695 (4%) a7 —2T
Tatal [1991-95) 431687 (26%)  424/373% (11%) 197 223 21,7401 (5%) 225/4206 (5%) 187 23

All closed operations

CSR 1 1584-87) 18/154 (12%) 1123/1851 (6%) 9.4 BG 3,120 (2%) 21,1293 (2%} 20 1Q
2 |1985-90) 127152 (8%) S6/1750 (5%) 79 41 47137 (3%} 21/1002 {2%) 24 14
3(1991-95 _5/178 (3%) 5771839 (3%) &2 -1:2 3/88 (3%) 21792 (3%) 25 05
4 (1995-96)* 0/54 18/658 (3%) 18  -15 1/24 (4%) 37233 (1%) 03 o7
Total (1984-58) 35/538 (B%) 2B3/6008 (5%) 250 100 11,350 (3%) B6,/3320 [2%) 7-4 38

HES 3(1981-Mar 1995) 77153 (5%) TBFATE (4%) 69 L /89 15/893 (2%) 17 e
4 {1805) 0/31 25/357 (9%) 28 - 28 1/28 (4%) 07111 i] 10
Total {1991-55) T/LBS (4%) 10372141 (5%) 27 27 1/117 (1%) 15,1004 [1%) 17 07

11 open procedure groups (adjusted for groupings)

CsR 1 (1984-87) s 130 a0 137 23
2 [1983-90) 190 70 12.7 11.3
3(1991-95) 171 12-9‘/ 12:2 28 <
4 (1005 06 24 o4 1.7 17
Total (1984-54) 515 225 40-3 147

HES 3 (1991-Mar 1945| 14-8 272 120 40
41995 27 -17 17 -17
Total (1991-93) 175 255 13-7 23

CSR=Candiac Suigical Register. HES=Hospital Episode Statistics, HES monalily rates Dased on admissions with known outcomes, *Simplified analysis, exciuding

rardom effects.

Table 1: Observed and expected number of deaths and excess mortality in Bristol relative to other 11 centres in England

open operation closed operation

HES

CSR

CSR
19

15



Procodure Martality according to CSR Mortallty according te HES

Eristol Elsewhare 113 Ex Excess  Brstol Elsawhers Ob- Ex- Excess
served  peoted served  pected

Dpen procedure groups

G1  Tetrakogy of Fallet 072 i) 22/2T0 (8% 0 062 -02 0/3 (0%) 18,281 (8%) 0 032 —0-2
G2 Imterairial TGA O/3i0m)*  14/50028% O 8 -0B 2/15(13%) 11/98 (11'%) 2 16 04
G3  Other TGAs 10/36 (28%)* 72/573(13%)* 10 5 5 10M3(TT% 60/573(10%) 10 1-5 85

[switch)

G4 Repair of TARVD 6/18(33%) 21/153(1d%) & 246 34 514 (36%) 23/166(14%) 5 2 3
G5  Repair of AVSD 8/32 (25%) 447331 013%) 8 45 35 11/23(48%) 48/402 (12%) 11 3 80

[complate not partial)
G8  Closure of secundum  2/5(40%)  2/129( 2 01 14 5/10 (B0%) 11/149(T%) § o7 43
and sinus venosus ASD

G7  Closure of V3D 0/51 (0%)  18/689 (3% 0 14 =14 0/47 (%) 45/811 (B%) 0 27 -7

GB  Trungus arerigsus 2/7(20%) 26/102|25% 2 19 01 4TSk 3197 (32%) 3 13 17

G3  Fonlan ype 1/10100%)  7/21 (33w | (-4 08 2/4(50%)  20/118 (1T%) 2 Q-7 13
operations

G10  Aortic, puimonary valve,  1/1(100%) 247179 (13%) 1 02 08 2/4 (50%)  25/250(10%) 2 04 16
and paravalve procedures

G11  Mtral vave procedures 01 (0] 536 [1d%) ] &2 02 273 |6T%) 12751 |20'%) 2 ol 13

Closed procedure groups

G12 Closed shunts 3/38(8B%)  56/508(10%) 3 38 ~08

§13 Coaciationprocedwes  O/30(0%)  9/464(2%) 0 06 -06  Z/6A(3%) 17/4%{0% 2 26  -06

CER=Cardiac Surgical Register, HES=Hosptal Episcde Statistics. HES montality rates tased on admissions with known cutcomes. ASD=atrial septal defiect,
A D=girioveniicular septal defoct, TAPYD=total anomalous pulmenary-venaus drainage. TGAstransposition of great arteries, V3D=ventricular septal defect,
*Data are unrelisble since seems to have been misuse of these groupings for aperations such as *Mustard™ and “Serning”.

Table 2: Observed and expected mortality relative to other 11 centres in England: 11 open and two closed procedure groups an
children younger than 1 year during epoch 3 (April, 1981, to March, 1935)

Lancet 2001; 358: 181-7.

1991 1995

transposition of great arteries (other than interarterial),
total anomalous pulmonary venous drainage, and closure of secundum and sinus venosus
atrial septal defects



Observed 10

Excess

- ecsi 10 72 26 501

Risk difference

Rizk ratio
Attr. frac. ex.
Attr. frac. pop

TGA

STATA

Expected (36 x 82) / 609 =5
10-5=5

Expozed Unexpozed

5?3
2PPPPTE .1256545
Point estimate
1521233
2.210648
547644
0667859

chi2<1>

95

transposition of great arteries (other than interarterial),

609
-134647
[95% Conf. Intervall
-0033152

1.251069
2006835

-3009314
3.706232
- 7439788

6.73 Prichi2 = 0.0095

17



total anomalous pulmonary venous drainage

. csi b6 12 21 132

Expozed Unexposed

144 171

.2222222 -0833333 1052632
Point estimate [25:x Conf. Intervall
Rizk difference -1388889 -.0242943 -3020721
Rizk ratio 2_666667 1.095506 6.471168

Attr. frac. ex. 625 -0B71795 - 8459445
Attr. frac. pop -2083333

chi2{1>» = 4.66 Prrchi2 = 0.0309

TAPVD



Closure of secundum and sinus venosus ASD

- cei 2 2 3 127

Expozed Unexposed

129 134
! 0155039 0298507
Point estimate [95% Conf. Intervall
Risk difference .3844961 -.04543%4 .B144316
Riszk ratio 25.8 4_507955 147 .659
Attr. frac. ex. -27612403 7781699 7932276
Attr. frac. pop 4806202

chi2{lh» = 24.5?7 Prichi2 = 0.0000




36

Inference

1991 1995

36

10

20



P

36

95

36

+-

10

1.96 sqr [P(1-P)]/N

1.5

4.2
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TGA

15
36

33
TGA

2 (

- 42%

95
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. cii 10 3

lariable

. cii 100 30

Variahle

. cii 1000 300

Variahle

. cii 10000 3000

Variable

10 3
100

95

10

95

Std. Err.

.1447138

Std. Ere.

.0458258

Std. Ere.

0144914

0045326

— Binomial Exact —
[?5% Conf. Interwall
0667395 .6524529

— Binomial Exact —
[95% Conf. Interwall
.2124064 .3998147

— Binomial Exact —
[95% Conf. Interwall
2717211 .3294617

— Binomial Exact —
[95% Conf. Intervall

.2910276 .30908%
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Bristol Elsewhare

Numbar of admissions  Morfality* (B5%CI) Numbeer of admissions  Marality® (B5%C1)
Age
<00 days 37 (T%) 15,/30 [63% [44-80]) 1696 (22%) 2541623 [16% [14-18])
90 days-1 year 135 (27%) 227113 (10% [13-28]) 1641 (21%) 102/1562 (7% |5-8])
1-15 years 333 (BB 21/314 (7% [4-10]) 4408 (57%) 185/4293 (5% [4-5])
Down's syndrome
Mentlanad in any diagnosis field 52 (10%) 1/51 |14% [6-26]) 539 (T 43537 (8% [6-10])
Hot mentioned 453 (90 55/406 (14% [10-17]F 7208 (33%) 508,/6841 (7% [7-E])
Translers
From other units 32 (6%) 15,26 (58% [37-T7)) 1707 (22%) 236,/ 1656 (14% [12-16])
Norvitransfers 473 (94%) 47431 {11% |8-14)) BO38 (78%) 315/5822 (5% |5-6])
Emergencles
Emergancy admissions 36 (T%) 13,28 (a6 [28-64)) TH3 |10%) H8/TH1 (12% [10-14])
Nonemargency admissions 469 (93%) 49/439 [11% [8-15)) 6052 {A0%) d63/8727 (7% [B-T))
Carstalrs guintlle*
1 {least deprived) 95 (19%) 8/82 (11% [5-20]) 1161 {15%) 659/1116 (6% [5-8])
/! 105 [21%) 10/88 (11% [6=20]) 1274 (16%) BE/1241 (7% [5-8])
3 134 (27%) 11/123 (9% [5-26]) 1281 (17%) T6/1253 (6% [5-8])
4 102 (20%) 11/88 (13% [6-21]) 1327 {17%) 9171280 (T [B-2])
5 {most deprivad) 67 (13%) 1/55 (2% [0-10]) 1634 (21%) 11271562 (M [6-8])
Unknawn 2 (0%) 1/1 {100 [3-100]) 1068 [14%) A7/877 (10% [8-12)

HES mortality rafes basad an admissions with known aubcomse. *Based on postoode of residence, where recanded.
Table 4: Status at admission and comorbldity for open class of procadures, Hospital Episode Statistics—Aprl, 1991, to March,

case mix

25
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interarterial repair, atrioventricular septal defect, ventricular septal defect
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—— Mortality at Bristol
-------- Mortality for 11 centres combined

- --- Total number of procedures for 11 centres combined
1200

1000

Mortality (%)

800

No of procedures

600
400

. 200

0 0

WL CIEPS S R AL P P 4

T A I R I
,{Eﬁ

Year

Fig 2 Mortality (based on admissions with known outcome) for and number of

open operations on children aged under 1 year from April 1991 to April 2002 in

11 English centres; data derived from hospital episode statistics

1995 11
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e 1990 1989
. "Newsday”
. 1991 12 "Newsday”
. 1992 3 200
1990 1989
"Newsday”
1991 12 "Newsday”
1992
200
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4.2%

. 1989  4.2% 1992 2.5%
. 40% 18%
.+ 1989 1992 4 27
. 4
. 50

60%
. 150 34%

9)
1989
1992 2.5% 40%
18%
1989 1992 4 27
4
50 60%
150 34% (10)
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. Cardiac Advisory Committee

. 1992
26% 1993 0%

Cardiac Advisory Committee

1992 26% 1993 0%
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90%
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1992
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(14, 15)
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1)

(14,

3)
2.5
(13)

15)

2)
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20 5 (95%
2%-8%)
1.9
20 5 (95% 2%-8%)
(16) 1.9
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. 1997 1998
27 238 1
. 27 302
2
. 171 139
2.3% (95% 2.04%-2.63%)

1997 1998 27

238 1

27 302 2
171 139 2.3% (95% 2.04%-
2.63%)
(17)
(18)
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hitesti 1 1 .2
M Oh=zerved k Expected k Aszsumed p Obhserved p
i -2 O L 20000 p R il il
= O 200000 Cone—sided test>
Pr<k < R e lulaluleln] Cone—sided test>
Pr<k >= 1> O 200000 Ctwo—sided test>
note=- lower tail of two—sided p—wvalue is empty
bhitesti 2 2 _2
M Dbhzerved k Expected k Assumed p Obhszserved p
2 2 i O L 20000 p R il il
Pr<k >= Lo e b Taluleln] Cone—sided test>
B lulnlelulnl Cone—sided test>
Pr<k >= Lo o b Talulnln] Ctwo—sided test>
note:>z lower» tail of two—sided p—value is empty
hitestd 3 2 .2
] ODh=zerved k Expected k Asszumed p ODhzerved p
2 =2 -6 O 20000 Oo_66667
Prdk >= O _ 104000 Cone—sided test>
O_2922000 Cone—sided test>
Pr<k >= O _ 104000 Ctwo—sided test>

note:=: Jower tail of two—sided p—wvalue is emphbty

bitesti <4 I _2

H Obszer»ved k Expected k Assumed p Dhzerved p

b 3 -8 020000 Q75000
Pr<k >= O_027200 Cone—sided test>
O_998400 Cone—sided test>
Pr<k >= O_027200 Ctwo—sided test>

note:=: Jower tail of two—sided p—wvalue is emphbty

AW N PR
w NN R
O O OO

A w N PR
w NN P
X O X O



bitesti 5 3 .2
[ ] Observed k Expected k Assumed p Observed p
5 3 1 0_20000 060000
Prik >»= 3> 0057920 <(one—-=sided test)
Prik <= 3> 0.9923280 J<one-=zided test)
Prik >»= 3> 0057920 <(two-=sided test)
note: lower tail of two—sided p—value is empty
bitesti 6 4 .2
N Obszerved k Expected k Assumed p Obszserved p
b 4 1.2 020000 0.66667
Prik »>= 4> 0.016960 <{one-sided test)
Prik <= 4> 09928400 <one-=z=ided test)
Prck >= 4> 0.016960 <(two—-szided testl>

note: lower tail of two—=zided p-value is empty

bitesti 7 4 .2

] Obzerved k Expected k Azsumed p Obzerved p

? 4 1.4 0 _ 20000 0.57143
Prik >= 4> 0.033344 <one-=zided test)
Prik <= 4> 0_.995328 {one-sided test)
Prik >= 4> 0.033344 <(two-=ided test)

note: lower tail of two—sided p—value is empty




(2/2)

(3/4)

(4/6)

(5/8)
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. hitesti 8 § .2

N  Observed k  Expected k Assumed p  Observed p
) 1.6 0.20000 0.62500

o
52
o

0.010406 <one-sided test?
0.998769 <one-sided test)
0.010406 <(two-sided test)

note: lower tail of two-sided p-value is empty
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