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Technical Appendix

The full analysis is described in the Appendices of Aylin et al (1999, INQ 0013) and Spiegelhalter
(1999, INQ 0015). This involved a logistic regression model for each stratum defined by epoch,
age-group and procedure group, in which a random effect was associated with each non-Bristol
centre. The variance component within each stratum were assumed to be drawn from a hierarchical
prior distribution, and this provided a predictive distribution over the effect in a new centre, and
hence a predictive distribution over the number of deaths in a centre with Bristol’s activity. The
difference to the observed number of deaths gave both an estimate and interval for the excess
mortality. This analysis is intended to allow for important sources of variation and so will be fairly

conservative.

The full analysis is time consuming and unsuited for repeated sensitivity analyses. For this reason
an intermediate analysis has been carried out, again based on a logistic regression but assuming
independent fixed effects for each centre in each stratum defined by epoch and age-group, with
main effects fitted for procedure group. The contrast between Bristol’s effect and the average of
the effects in the other centres was obtained using ‘Helmert contrasts’. The natural way to report'
the results is by odds ratios and their 95% confidence intervals: the more restrictive assumptions in

this simpler model tend to make the results somewhat less conservative than the full analysis.

The baseline analysis in the table below shows that for 1991-1995, both HES and CSR data, taken
at face value, provide strong evidence for excess mortality in Bristol (odds ratio greater than 1).

Stratifying for case-mix does not decrease this estimate. The CSR data from 1988-1990 provide

- some evidence for excess mortality. The results for the sensitivity analyses are given below and

summarised in Section 6.4.3.

46




Ly

INQ 0045 0047

‘Papis-1 a1e seneA-4  "sadjuad Jaylo ul bulAp jo sppo abesane ay) o} pasedwoa joisug ul Bulfp jo sppo sy} Jo ones pajewiise ay) si 0Bl SPPO,

‘(81aymasi|o
}1) Ajepow Jaybry sy sey 1aAsydiym 10 ‘(joisug j1) Aljepow samoy sy sey yoiym uo Buipuadsp ejep 4SO 10 SIH s1o9|es ‘dnosb ainpadoid yoes 104 (p
¢'€ 9lqe ul pajesipul junodlepun Jussedde Aq a1juad yoea uj sajes Aljeuow seseasou) (9

(G dnoin) SAV pue (€ pue g sdnoln)) yo } 10} sainpaosoid sarowiey (q
BlEp 4SO pue S3H uaamiag sajouedalasip 1aybiy yim sanuad seacway (e

4SO
HSO +
vO° 1220160 9¥'L | LO0OT $S2OllEl €8°L | pue S3H Jo @dloyo 2wanx3, (P S661-166L SIH
S3H Aq pessiw
200" S6°901/¥') 2€| 000" ZLPOliZ'L 192 syleap 104 Bunesuadwon (o
100" 8SvO19¥L 85S¢ 10" G62010L°} 08’1 G‘e'z sdnoib jnoyum (q
L1000 8901681 9b'€| 1000 SEVOILLIL v.'2 G'v'e saiuad ;noyumm (e
1000° 2€60112¢ ¢SVE| LOODT 98'€01Z6°L r AN A auljeseg GS661-1661 S3IH
$0° 28'€01G6°0 061 100" 10'€0182°L 96°1 G'e‘g sdnoib noynm (g
10" 9G'€0160'L /6L 100" OQl'€01/21 86°1L G'v'e saquao noyup (e
c00° 66201221 O06'L| 10000 Z2LZ0100'L G6'1L auyesed  G661-166L HS)O
100" €G°'G01G°L 88°¢ 100" $6°CO1vPL 8E'e G‘e'g sdnosb noynm (q
PO0°  €£L€01€60 981 €0° 86201101 €1 G'y'e sanuas noyum (e
$0° 21201960 291 c0° 0£201€0'L $SL sujlesed (0661-886L HSD
aneA oljel anjeaA olel
-d  [eMBlUI %66  SPPO -d [BAIBIUI %S6  SPPO sisAjeuy yoody ejeq
X|W-3ased 10} payjeldls payneqsun

‘abe jo JeaA auo Jspun suojjesado uado uo sisAjeue A)Aljsuas Jo synsay -ajgel xipuaddy




INQ 0045 0048

Table 2.1. Paediatric Cardiac Surgical Procedures by Group:

OPCS4 Codes mapped by UKCSR Categories

Group OPCS4 Procedure Code Description Map to UKCSR
G1 KO4 Tetralogy of Fallot Yes
G2 K05 Interatrial TGA Yes
IG3 K06 Other TGAs ( - switch) Yes
G4 K07 Repair of TAPVD Yes
G5 K09 excluding K09.4 Repair of CAVSD (complete Yes

not partial)
IG6 K10, K20 and K09.4 Closure of secundum and Yes
sinus venosus ASD
G7 K11 (only on its own or with K10 or +/-  Closure of VSD Yes
LO2;
K11 is superior code to K10)
IG8 LO1.1 Truncus arteriosus Yes
G9 K19.1, K19.2, K19.4 + L09 Fontan type operations Yes
iG10 K26, K28, K31.2, K31.4, K37 Aortic, pulmonary valve and Yes
paravalve procedures
IG11 K25, K31.1, K34.1, K38 Mitral valve procedures Yes
G12 LOS, LO6, LO7,L08 Closed shunts No
G13 L23.1, 2 or 3 [ if K code with it, code as KCoarctation procedures Yes (simple
not L] coarctation)
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Table 2.2. Synthesis of Statistical Sources: Primary Procedure Ranking

Rank Group Description

1 G8 Truncus Arteriosus

2 G9 Fontan type operations
3 G4 TAPVD

4 G3 Other TGA

5 G2 Interatrial TGA

6 G5 AVSD

7 G 11 Mitral valve procedures
8 G 10 Aortic and pulmonary valve procedures
9 G1 Tetralogy of Faliot

10 G7 Closure of VSD

11 G6 Closure of ASD

12 G 12 Closed Shunts

13 G 13 Simple Coarctation

(Note: If any operation features procedures falling into more than one of the consensus groups
G1 to G13, the operation is assigned to the highest ranking Group. This table draws on expert
clinical advice on the most common combinations of procedures and mortality rates.

Table 2.3. Centres included in the comparative exercise

Code Centre Hospital

1 Bristol Bristol Royal Infirmary

2 Leicester Glenfield Hospital

3 Leeds Killingbeck Hospital

4 Oxford The John Radcliffe Hospital

5 Guys Guys Hospital

6 Liverpool Royal Liverpool Children’s Hospital
7 Southampton Southampton General Hospital
8 Great Omond Street  Great Ormond St Hospital

9 Newcastle Freeman Hospital

10 Harefield Harefield Hospital

11 Birmingham Birmingham Children’s Hospital
12 Brompton Brompton Hospital

(Note: Centres were assigned Inquiry codes 2-12 at random. Centres were identified at the
BRI Inquiry on November 3 1999.)
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Table 3.2° Deaths identified by linkage within 30 days of procedures but NOT

captured by HES

All cases Open procedures in children under
one
Centre ‘Missed’ deaths * % ‘Missed’ deaths * %
1 3/74 4 2/43 5
2 3/41 7 0/25 0
3 13/ 67 19 3/27 11
4 6/40 15 2/24 8
5 2/42 5 0/24 0
6 3/ 91 3 2/43 5
7 1/32 3 0/20 0
8 12 /108 11 7 /59 12
9 6 /54 11 0/25 0
10 2/73 3 2127 7
11 8/ 91 9 2/57 4
12 8/72 11 1/32 3
Elsewhere 1/21 5 0/1 0
Total 68 / 806 8.4 21/ 407 5.2

" ‘Missed’ in inverted commas since HES is not designed to capture 30-day mortality.
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Table 3.3 Comparison of UKCSR returns with HES data for 1991-1994.
.~ Admissions-are grouped by Surgery, Age, Centre, Consensus Group and Year.

Number of Cases Number of Deaths Ratio of
UKCSR HES Ratio UKCSR HES Ratio Death Rates
Surgery
Open 8227 7544 1.09 698 577 1.21 1.10
Closed 2898 2817 1.03 86 100 0.86 0.83
Total . 11125 10361 1.07 784 677 1.16 1.07
Age
Under 1 5360 5078 1.06 500 461 1.08 1.01
Over 1 5765 5283 1.09 284 216 1.31 1.20
Centre
1 830 750 1.11 79 69 1.14 0.96
2 758 603 1.26 43 37 1.16 0.92
3 556 1068 0.52 50 54 0.93 1.78
4 295 481 0.61 27 35 0.77 1.24
5 664 557 1.19 61 39 1.56 1.30
6 1372 1460 0.94 96 86 1.12 1.19
- 7 819 639 1.28 40 32 1.25 0.98
8 1187 965 1.23 82 64 1.28 1.04
9 805 609 1.32 49 46 1.07 0.81
10 709 574 1.24 87 70 1.24 1.01
11 1921 1492 1.29 95 84 1.13 0.86
12 1209 1163 1.04 75 61 1.23 1.15
Group
G1 921 837 1.10 57 45 1.27 1.10
G2 76 158 0.48 15 17 0.88 1.76
G3 685 644 1.06 89 67 1.33 1.13
G4 203 217 0.94 28 27 1.04 1.01
G5 553 749 0.74 65 68 0.96 1.25
G6 1526 1182 1.29 11 18 0.61 0.46
G7 1141 1280 0.89 26 56 0.46 0.50
G8 123 97 1.27 30 30 1.00 0.76
G9 340 620 0.55 42 65 0.65 1.16
G10 827 893 0.93 42 43 0.98 1.03
G11 160 247 0.65 15 27 0.56 0.82
G13 757 632 1.20 12 17 0.71 0.59
Year W .
- 1991 3255 2710 1.20 254 191 1.33 1.09
| 1992 3403 2944 1.16 245 203 1.21 1.03
1993 23562 2311 1.02 142 142 1.00 0.97
1994 2115 2396 0.88 143 141 1.01 1.14
1995 3509 2178 1.61 195 125 1.56 0.84

For 1991 and 1992 the UKCSR data cover calendar years but the HES data cover financial years.

The HES data for 1995 cover only the nine month period April 1995 to December 1995.

Centre 8 was dropped from the HES data for 1993/4 and 1994/5, as there were no corresponding UKCSR
returns for those years.

HES figures include cases where outcome is unknown.

Comparison of mortality rates use a denominator which excludes these cases.

Data for 1995 are only included in the tabulation by year.

Some sub-totals for HES data may disagree slightly with other tables due to small differences in definition.
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Table 6.1 Summary of analyses comparing Bristol and elsewhere:
all open, case-mix stratified open, and closed operations.
Source Epoch Under 1s Over 1s
Mot Mot Obs Exp Excs | Mot Mot Obs Exp Excs
else. Bris else. Bris

All open operations

CSR 1:.1984-1987 21% 25% 16 14.0 2.0 8% 8% 24 23.3 7
2: 1988-1990 18% 29% 31 22.3 8.7 7% 12% 37 22.4 14.6
3: 1991-1995 12% 24% 43 24.0 ™9.0 5% 7% 28 22.8 5.2
4: 1995-1996 12% 6% 3 6 -3.0 3% 1% 2 4.4 2.4

HES  3:1991-1995 12% 29% 41 16.9 *24.1 5% 7% 21 15.0 6.0
4: 1995 12% 4% 1 28 -1.8 4% 0% 0 3.7 -3.7

Open operations -

| case-mix stratified

CSR 1:1984-1987 15 13.0 2.0 16 13.7 2.3
2: 1988-1990 26 19.0 7.0 24 12.7  *11.3
3: 1991-1995 30 171 *"12.9 15 12.2 2.8
4: 1995-1996 2 2.4 -4 0 1.7 -1.7

HES  3:1991-1995 42 148 *27.2 16 12.0 4.0
4: 1995 1 2.7 -1.7 0 1.7 -1.7

All closed operations

CSR 1:1984-1987 6% 12% 18 9.4 8.6 2% 2% 3 2.0 1.0
2. 1988-1990 5% 8% 12 7.9 4.1 2% 3% 4 2.6 1.4
3: 1991-1995 3% 3% 5 62 -1.2 3% 3% 3 2.5 0.5
4: 1995-1996 3% 0% 0 1.5 -1.5 1% 4% 1 .3 7

HES  3:1991-1995 4% 5% 7 6.9 0.1 2% 0% 0 1.7 -1.7
4: 1995 9% 0% 0 28 -2.8 0% 4% 1 0.0 1.0

Epoch 4 (1995) based on simplified analysis.

* indicates > 95% confidence that excess mortality > 0
Obs = Observed deaths

Exp = Expected deaths

Excs = Estimated excess deaths
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Table 6.2 Summary of analyses for Epoch 3, April 1991 to Mar 1995,
Operations on under-ones.

HES CSR
Mort.  Mort Obs Exp Excs | Mort. Mort Obs Exp Excs
Else. Bris. else. Bris.
G1 Fallot type 6% 0% 0O 02 -0.2 8% 0% 0 0.2 -0.2
QG2 Interatrial TGA 11% 13% 2 1.6 0.4 | (28%) (0%) 0] 0.8 -0.8
G3 Other TGAs 10% 77% 10 1.5 *g5| (13%) (28%) 10 5.0 5.0
G4 TAPVD 14% 36% 5 20 3.0 14% 33% 6 2.6 3.4
G5 AVSD 12% 48% 11 3.0 *8.0 13% 25% 8 4.5 3.5
G6 ASD 7% 50% 5 0.7 *33 2% 40% 2 0.1 *1 0
G7 VSD 6% 0% 0 27 2.7 3% 0% 0 1.4 -1.4
G8 Truncus 32% 75% 3 1.3 1.7 25% 29% 2 1.9 0.1
G9 Fontan type 17% 50% 2 0.7 1.3 33% 100% 1 0.4 0.6
G10 Aortic, pulm 10% 50% 2 04 1.6 13% 100% 1 0.2 0.8
G11 Mitral valve 24% 67% 2 07 1.3 14% 0% 0 0.2 -0.2
G112 Closed shunts 10% 8% 3 3.8 -0.8
G13 Coarctation 4% 3% 2 26 -0.6 2% 0% 0 0.6 -0.6
G1-11  Stratified open 10% 30% 42 14.8 *o70 10% 19% 30 171 *409
Open 11% 29% 41 16.9 *o4 1 12% 24% 43 240 *q9.0
Closed 4% 5% 7 6.9 0.1 3% 3% 5 6.2  -1.2

* indicates > 95% confidence that excess mortality > 0

Obs = Observed deaths,

Exp = Expected deaths,
Excs = Estimated excess deaths.
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Table 6.4. Results for open operations, under one year of age, 1991-1995, excluding
switch (group 3) and AVSD (group 5) operations.

Source Mortality Mortality in Bristol Estimated Simple p-value
elsewhere excess deaths
HES - 248/2201 =11 % 21/130 =16 % 6.4 12
CSR 279/2257 =12 % 25/111 =22 % 11.3 0.003

Additionally excluding inter-atrial repairs (group 2)
HES 237/2103 = 11 % 19/115= 17 % 6.0 12
CSR 265/2207 =12 % 25/108 = 23 % 12.0 0.001

The full analysis has not been re-run for this particular subset of patients. A simple comparison has been
made between the overall mortality rate elsewhere and that in Bristol. The ‘p-value’ is the chance of
observing such a difference by chance alone, and is based on a standard ‘chi-squared test'.

Table 6.5. Impact of including all HES data for Bristol with missing outcomes, and
assuming they all were survivors.

Age group Number of missing Mortality elsewhere Number of Reduction in
outcomes in Bristol for open operations  additional deaths excess number of
for open operations expected if Bristol deaths

were ‘typical’

< 90 days 7 16% 1.1 1.1

90 days - 1 year 22 7% 1.5 1.5
> 1 year 19 5% 1.0 1.0
Total 48 3.6 3.6
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Table 7.1 Comparison of mortality rates elsewhere and in Bristol with published
literature for the period 1991- 1995.

% Mortality rates

Procedure Vardulaki Hannan et a/ HES CSR HES CSR
' et al elsewhere elsewhere Bristol Bristol
Switch (G3) 8 —12 10* 10 12 58 22
TAPVD (G4) 10 -30 18 12 12 36 32
AVSD (Gb5) 8-12 10 8 11 35 27
Truncus (G8) 10-25 22 31 24 60 25
Fontan (G9) 10-20 14 (8") 11 12 13 18
All surgery
< 90 days 15 11 19
90 days — 1 year 7 6 14
< 1 year 11 9 0 16 13
> 1 year 3 4 5 5 7

* Includes Rastelli repair / intraventricular tunnel repair
** Including bidirectional Glenn
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Figure 8.1 Mortality in relation to volume of cases. Open operations
r = estimated change in risk per 10 extra case(s) per year (excluding Bristol)
Bristol labelled ‘0’, other centres labelled ¥

CSR data : 1991 - Mar95: under 1 yr
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Table 8.2 Age at which open operations took place: distribution elsewhere and in
Bristol, mortality elsewhere and in Bristol and relation to excess mortality.
HES data Epoch 3: April 1991 — March 1995.

Percentage operations Mortality rate
carried out by end of
age-group.

Age ' Bristol Bristol Bristol

group. Elsewhere Bristol Else- Bristol deaths  expect excess

where. / num deaths deaths

Mths ops

0-2 23 9 15 % 65% { 22/34 5.2 16.8
3-5 32 13 7 % 28 % 5/18 1.3 3.7
6-8 39 21 5% 9 % 3/34 1.7 1.3
9- 11 43 35 5% 18% | 11/60 3.2 7.8
12 - 14 47 38 8 % 6 % 1/16 1.3 -3
156 -17 50 42 7 % 6 % 1/17 1.2 -2
[ 18-20 54 45 3% 21 % 3/14 4 2.6
121-23 57 49 4 % 6 % 1/18 7 3
2yrs + 65 57 4 % 10 % 4 /40 1.6 2.4
3yrs+ 72 66 4% 7 % 3/ 41 1.6 1.4
4 yrs + 78 73 4 % 3 % 1/35 1.4 -4
5 yrs + 93 91 4 % 6 % 5/84 3.4 1.6
10 yrs + 100 100 4 % 4% | 2/46 2.0 0.0
Total 34.1
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