Supplementary material

Table S1. International Classification of Diseases and Related Health Problems Tenth Revision, Canadian version
(ICD-10-CA), and Canadian Classification of Health Interventions (CCI) codes used for population selection and to
classify determinants, outcomes, and confounders

Diagnosis/Procedure ICD-10-CA CCI Study use
Single live birth BCPDR data element
Midcavity forceps 5.MD.53
delivery
Midcavity vacuum 5.MD.54
delivery
Midcavity sequential 5.MD.55

instrumental delivery
Failed forceps delivery

Failed instrument 066.5
Caesarean delivery 5.MD.60.RC, 5.MD.60.JZ,
with forceps 5.MD.60.KC, 5.MD.60.RA,
5.MD.60.RE, 5.MD.60.JW,
5.MD.60.RG
Failed vacuum delivery
Failed instrument 066.5
Caesarean delivery 5.MD.60.RD, 5.MD.60.KA,
with vacuum 5.MD.60.KD, 5.MD.60.RB, Inclusion
5.MD.60.RF, 5.MD.60.JX, criteria
5.MD.60.RH
Failed sequential
instrumental delivery
Failed instrument 066.5
Caesarean delivery 5.MD.60.C
with sequential
instruments
Caesarean delivery in 5.MD.60.KE, 5.MD.60.JY,
second stage of labour 5.MD.60.KB, 5.MD.60.KG,
5.MD.60.KF, 5.MD.60.AA,
5.MD.60.KT + BCPDR element
for duration of second stage of
labour (only deliveries with
value > 0 included)
Gestational age 3741 BCPDR data element
weeks
Therapeutic abortions 004 5.CA.20,5.CA.24,5.CA.88,
5.CA.89,5.CA.90
Non-vertex presentation 032.1, 064.1 5.MD.56 + BCPDR indicator
variable for baby presentation
during labour )
Chronic hypertension 010,011 Exc:_lus!on
Preeclampsia 014 criteria
Eclampsia 015
Diabetes 024
Placenta praevia 044
Placental abruption 045

Congenital anomalies Q




Table S1 (cont’d). International Classification of Diseases and Related Health Problems Tenth Revision,
Canadian version (ICD-10-CA), and Canadian Classification of Health Interventions (CCI) codes used for

population selection and to classify determinants, outcomes, and confounders

Diagnosis/Procedure ICD-10-CA CClI Study use
Dystocia 032, 033, 034.0, 034.1,
034.3-034.9, 062.0, Cohort
062.1, 062.2, 062.4, definition
062.8, 062.9, 063, 066
Fetal distress 068, 069.0
Maternal age BCPDR element
Parity BCPDR element
Pre-pregnancy weight BCPDR element Potential
Previous caesarean 034.20,066.40, O75.7
delivery confounder/
Birth weight BCPDR element meof;?;tar
Fiscal year BCPDR element
Practitioner BCPDR element
Prolonged second stage 063.1
Position of the fetal head = BCPDR element
Stillbirth BCPDR element
Neonatal death BCPDR element
Neonatal convulsions P90
Assisted ventilation by BCPDR element 1.GZ.31.CA-ND Primary
endotracheal intubation perinatal
5-minute Apgar < 4 BCPDR element composite
Severe birth trauma P10, P11.0-P11.2, P11.4- outcome
P11.5P12.2, P13.0, P13.2,
P13.30, P13.38, P14.0,
P14.1, P14.3, P15.0, P15.1
Respiratory distress P22 Secondary
perinatal
outcome
Severe postpartum 072 + BCPDR element
haemorrhage (blood transfusion indicator
variable) .
Shock 075.1, T80.5, T886, R57 Prlmaryl
Sepsis 085 crgrilte:)r;?te
Cardiac complications 089.1, 074.2, O75.4, 121, outcpome
122, 146, 150, J81
Acute renal failure 090.4, N99.0, N17, N19
Obstetric embolism 088
Obstetric trauma 070.2, 070.3, 071.3-071.9 5.PC.80.JQ, 5.PC.80.JH
3/4t degree perineal 070.2, 070.3 + BCPDR 5.PC.80.JQ
lacerations element
Postpartum haemorrhage 072 Secondary
Postpartum haemorrhage  072.0 maternal
— retained placenta outcome
Postpartum haemorrhage  072.1
—atonic
Postpartum haemorrhage  072.2

— delayed

BCPDR, British Columbia Perinatal Database Registry



Table S2. Numbers and rates of all components of perinatal and maternal outcomes by attempted

mode of delivery, British Columbia, 2004—2014

Caesarean Midcavity Midcavity Sequential
delivery forceps vacuum midcavity OVD
Outcome n % n % n % n %
Dystocia
Severe perinatal 20 083 30 170 15 217 7 3.5
morbidity/mortality
Stillbirth? <5 <0.21 <5  <0.28 0 0.00 0 0.00
Neonatal death 0 0.00 0 0.00 0 0.00 <5 <2.51
Convulsions <5 <0.21 <5 <0.28 <5 <0.72 0 0.00
Assisted ventilation by 6 025 9 051 <5 <072 <5 <251
endotracheal tube
5-min Apgar <4 7 0.29 6 0.34 <5 <0.72 0 0.00
Severe birth trauma® 7 0.29 17 0.96 7 1.01 <5 <2.51
Respiratory distress® 60 1.49 64 3.63 33 4.78 9 4,52
Birth trauma 28 1.16 71 4.03 53 7.68 23 11.6
Severe maternal morbidity 19 0.79 21 1.19 10 1.45 <5 <251
Sexere postpartum 12 050 17 09 9 130 <5 <251
aemorrhage
Shock <5 <0.21 <5 <0.28 0 0.00 0 0.00
Sepsis 5 0.21 <5 <0.28 0 0.00 <5 <2.51
Obstetric embolism <5 <0.21 0 0.00 <5 <0.72 0 0.00
Cardiac complication® <5 <0.21 <5 <0.28 0 0.00 0 0.00
Acute renal failure 0 0.00 0 0.00 0 0.00 0 0.00
Postpartum haemorrhage’ 111 4.62 374 21.2 96 13.9 35 17.6
Obstetric trauma® 92 3.83 465 26.4 80 11.6 45 22.6
Severe perineal laceration
(394" degree) 0 0.00 405 23.0 71 10.3 42 21.1
Fetal distress
Severe perinatal 40 189 59 266 32 262 6 2.09
morbidity/mortality
Stillbirth? 0 0.00 <5 <0.23 0 0.00 0 0.00
Neonatal death 0 0.00 <5 <0.23 0 0.00 0 0.00
Convulsions 9 0.42 7 0.32 6 0.49 <5 <1.74
Assisted ventilation by
endotracheal tube 24 1.13 24 1.08 19 1.55 <5 <174
5-min Apgar <4 7 0.33 7 0.32 6 0.49 <5 <1.74
Severe birth trauma® 5 0.24 25 1.13 8 0.65 <5 <1.74
Respiratory distress® 151 7.13 162 7.31 81 6.62 26 9.06
Birth trauma 39 1.84 98 4.42 65 5.31 27 9.41
Severe maternal morbidity 14 0.66 34 1.53 7 0.57 5 1.74
Se;]’ere postpartum 7 033 29 131 <5 <041 <5 <174
aemorrhage
Shock <5 <0.24 0 0.00 0 0.00 0 0.00
Sepsis <5 <0.24 <5 <0.23 <5 <0.41 <5 <1.74
Obstetric embolism 0 0.00 0 0.00 <5 <0.41 0 0.00
Cardiac complication® <5 <0.24 <5 <0.23 0 0.00 0 0.00
Acute renal failure <5 <0.24 0 0.00 0 0.00 0 0.00
Postpartum haemorrhage’ 107 5.05 438 19.8 151 124 51 17.8
Obstetric trauma? 101 4.77 535 24.2 121 9.89 74 25.8
Severe perineal laceration 0 000 439 198 104 850 63 22.0

(394" degree)




OVD, operative vaginal delivery.

a Only stillbirths that occurred after the onset of labour were included.

b Severe birth trauma included intracranial laceration and haemorrhage, skull fracture, severe injury
to CNS, severe injury to PNS, long bone injury, subaponeurotic haemorrhage, injury to liver, and
injury to spleen.

¢ Respiratory distress included RDS (hyaline membrane disease, idiopathic respiratory distress
syndrome) and transient tachypnoea of the newborn and other neonatal respiratory distress.

d Severe postpartum haemorrhage includes postpartum haemorrhage requiring transfusion.

e Cardiac complications included cardiac arrest, cardiac failure, myocardial infarction and
pulmonary embolism.

f Postpartum haemorrhage (PPH) included atonic PPH, 3rd stage PPH, delayed PPH, and PPH due
to coagulation defects.

g Obstetric trauma included 3rd/4th degree perineal laceration, cervical laceration, uterine rupture
during labour, high vaginal laceration, other obstetric injury to pelvic organs, and obstetric
damage to pelvic joints and ligaments.



Table S3. Rate ratios expressing the association between operative vaginal delivery (OVD) vs caesarean delivery and
severe perinatal and maternal morbidity/mortality among women with dystocia and fetal distress with adjustment
using multivariable logistic regression, British Columbia, 20042014

Caesarean Attempted Attempted Attempted
delivery midcavity midcavity sequential
forceps vacuum midcavity OVD

Outcome ARR (95% CI)

ARR (95% ClI)

ARR (95% ClI)

ARR (95% ClI)

Dystocia cohort

2.32 (1.24-4.36)
1.79 (0.89-3.60)

2.94 (1.43-6.05)
2.01 (0.89-4.54)

4.80 (1.92-12.0)
1.59 (0.35-7.16)

Severe perinatal morbidity/mortality? Reference

Severe maternal morbidity® Reference
Fetal distress cohort

Severe perinatal morbidity/mortality? Reference

Severe maternal morbidity® Reference

1.56 (1.00-2.45)
2.04 (1.01-4.14)

1.43 (0.85-2.42)
0.80 (0.30-2.17)

1.15 (0.47-2.81)
2.62 (0.89-7.74)

ARR, adjusted rate ratio; Cl, confidence interval.

Results adjusted for maternal age, parity, pre-pregnancy weight, previous caesarean delivery, position of the fetal head at delivery,

birth weight, income quintile, and year of delivery.

a Severe perinatal morbidity/mortality included neonatal convulsions, assisted ventilation by endotracheal tube, 5-minute Apgar
score of <4, severe birth trauma (see below for definition), stillbirth that occurred after the onset of labour, and neonatal death.
b Severe maternal morbidity included severe postpartum haemorrhage, shock, sepsis, obstetric embolism, cardiac complication,

and acute renal failure.



Table S4. Rate ratios expressing the association between operative vaginal delivery (OVD) vs caesarean delivery and
severe perinatal and maternal morbidity/mortality among women with dystocia and fetal distress with adjustment
using regression with propensity score weights and doubly robust estimators, British Columbia, 2004-2014

Caesarean Attempted Attempted Attempted
delivery midcavity midcavity sequential
forceps vacuum midcavity OVD

Outcome ARR (95% CI)

ARR (95% ClI)

ARR (95% ClI)

ARR (95% ClI)

Dystocia cohort

2.26 (1.54-3.32)
1.72 (1.13-2.61)

2.36 (1.60-3.47)
2.44 (1.65-3.62)

5.07 (3.54-7.25)
1.68 (1.08-2.60)

Severe perinatal morbidity/mortality? Reference

Severe maternal morbidity® Reference
Fetal distress cohort

Severe perinatal morbidity/mortality? Reference

Severe maternal morbidity® Reference

1.20 (0.94-1.53)
2.41 (1.58-3.68)

1.36 (1.06-1.74)
0.79 (0.46-1.36)

1.02 (0.77-1.36)
3.26 (2.11-5.02)

ARR, adjusted rate ratio; Cl, confidence interval.

Results adjusted for maternal age, parity, pre-pregnancy weight, previous caesarean delivery, position of the fetal head at delivery,

birth weight, income quintile, and year of delivery.

a Severe perinatal morbidity/mortality included neonatal convulsions, assisted ventilation by endotracheal tube, 5-minute Apgar
score of <4, severe birth trauma (see below for definition), stillbirth that occurred after the onset of labour, and neonatal death.
b Severe maternal morbidity included severe postpartum haemorrhage, shock, sepsis, obstetric embolism, cardiac complication,

and acute renal failure.



Table S5. Adjusted rate ratios (ARR) and 95% confidence intervals (CI) for severe perinatal and maternal composite
morbidity and mortality following deliveries by attempted midcavity operative vaginal delivery compared with
caesarean delivery, stratified by position of fetal head at delivery, British Columbia, 20042014

Anterior Posterior/Transverse

Attempted Orl;tt(;ome Oruatt(;oir:e P-value
Outcome midcavity o o for

instrument(s) cgglsizil/rei?/n ARR 95% CI ngfi%rei?/n ARR 95% CI in t(_er-

(%) (%) action

Dystocia
Severe Forceps 165 0.78 352 314 1.03 1044 0.8
pe“g?é?t' | Vacuum 1.46 194 079 4.79 0.73 540 157 1861 0.14
morbidity. :
mortality Sequential 408 134 1243 586 0.81 4239 0.63
Severe Forceps 211 0.72 6.18 184 052 6.52 0.79
mater.na}l Vacuum 0.65 228 0.66 7.88 1.09 251 0.69 9.13 0.86
morbidity Sequential 1.34 0.15 1224 240 0.30 19.34 0.78
Sev_ere Forceps 216 194 240 36.7 30.1 438 -
perineal Vacuum 0.00 115 877 150 0.00 488 225 10.2 -
lacerations ) ' '
(34/4% deg)? Sequential 239 17.0 325 22.7 128 370 -
Fetal
distress
Severe Forceps 127 069 234 129 046 3.65 0.87
perlg@éﬁ}' , Vacuum o4 097 048 1.96 161 300 128 7.01 003
morbidity:. . ' '
mortality Sequential 0.75 024 236 209 047 9.27 0.15
Severe Forceps 3.73 1.05 13.18 140 039 5.06 0.21
mater_na_ll Vacuum 0.45 134 031 5.70 0.99 0.72 0.09 5.69 0.52
morbidity Sequential 354 071 17.76 288 0.38 2176 0.69
Severe Forceps 205 185 226 246 198 30.2 -
perlnea}l Vacuum 0.00 885 7.08 11.0 0.00 9.79 592 1538 -
lacerations i ' '
(314741 deg)? Sequential 18.8 137 252 356 232 50.2 -

Adjusted for parity, pre-pregnancy weight, and infant birth weight.
Bold text denotes statistically significant differences between ARRs in deliveries to infants with a fetal head in occiput

anterior vs occiput posterior/transverse position at delivery.
a Rate (%) and 95% CI provided for severe perineal lacerations as relative estimates were not estimable due to small

numbers in the reference group.



Table S6. Adjusted rate ratios (ARR) and 95% confidence intervals (CI) for perinatal and maternal outcomes
following deliveries with dystocia by attempted midcavity operative vaginal delivery compared with caesarean

delivery, stratified by prolonged second stage of labour, British Columbia, 20042014

No prolonged second stage of

Prolonged second stage of labour

labour (n=3,270)
(n=1,787)

At_temp_ted Outcome Outcome
Outcome midcavity rate in rate in

instrument(s) caesarean ARR 95% ClI caesarean ARR 95% CI

delivery delivery
(%) (%)

Peringtgl Forceps 2.70 1.23 5.92 236 0.98 5.69
morblo_llty/ Vacuum 1.24 2.92 1.15 7.41 0.56 3.60 1.27 10.23
mortality Sequential 266 057 12.49 777 240 2521
Birth trauma  Forceps 6.71  3.08 14.61 286  1.65 4.96

Vacuum 0.93 1248 5.62 27.74 1.32 556  3.05 10.12

Sequential 21.76  8.58 55.14 729 333 15.96
R_espiratory Forceps 2.88 1.56 5.32 1.06  0.67 1.66
distress Vacuum 1.96 1.74 0.74 4.09 2.85 199 1.19 3.34

Sequential 3.09 1.00 9.58 143  0.55 3.72
Mate(n{:ll Forceps 1.70 0.56 5.18 156 0.72 3.39

Sequential 220 0.25 19.45 1.35 0.17 10.73
Postpartum Forceps 5.61 3.72 8.45 580 441 7.64
haemorrhage  Vacuum 4.03 3.88 235  6.39 5.01 339 236 487

Sequential 5.68 2.84 11.36 418 247 7.06
Obstetric Forceps 1436 928  22.23 768 5.78 10.20
trauma Vacuum 2.90 3.51 1.97 6.27 4.45 3.36 230 491

Sequential 1435 747 27.57 550 3.29 9.18
Severe Forceps 2464 21.02 28.66 22.34 2014  24.70
Fermeta}l Vacuum 0.00 7.75 5.07 11.67 0.00 11.81 9.09 15.19
acerations
(34/41 deg)* Sequential 24.00 15.75 34.78 19.35 13.37 27.19

Adjusted for maternal age, parity, pre-pregnancy weight, infant birth weight, income quintile and year of birth.

Bold text denotes statistically significant differences between ARRs with and without prolonged second stage of

labour.

*Rate (%) and 95% CI provided for severe perineal lacerations as relative estimates were not estimable due to low

rate in the reference group.



Table S7. Adjusted rate ratios (ARR) and 95% confidence intervals (Cl) for perinatal and maternal outcomes following

deliveries with fetal distress by attempted midcavity operative vaginal delivery compared with caesarean delivery,

stratified by prolonged second stage of labour, British Columbia, 20042014

No prolonged second stage of

Prolonged second stage of labour

labour (n=1,953)

Attempted Outcome = Outcome
Outcome midcavity rate in rate in

Instrument(s) caesarean ARR 95% ClI caesarean ARR 95% ClI

delivery delivery
(%) (%)

Perinatal Forceps 147 0.86 2.52 148 078 281
morbidity/  vacyum 178 124 067 231 2.03 258 117 569
mortality Sequential 082 024 278 207 058 7.44
Birth trauma  Forceps 258 156 4.25 2.86 158 517

Vacuum 1.78 3.66 2.18 6.13 1.92 2.42 1.09 537

Sequential 532 271 10.43 8.17 355 18.77
R_espiratory Forceps 1.09 0.80 1.47 1.08 0.74 1.56
distress Vacuum 6.89 0.78 053 1.13 7.46 1.86 119 293

Sequential 122 0.69 2.14 173 084 355
Maternal Forceps 558 1.94 16.06 0.86 032 229
morbidity Vacuum 0.32 195 054  7.04 1.13 035 004 275

Sequential 592 1.45 24.11 1.05 0.13 8.60
Postpartum Forceps 591 430 8.12 411 2.97 5.68
haemorrhage  Vacuum 3.97 389 274 5.53 6.55 1.87 116  3.02

Sequential 452 279 7.32 484 269 870
Obstetric Forceps 792 5.78 10.86 536 386 745
trauma Vacuum 3.89 289 2.00 4.17 5.99 2.25 139 3.62

Sequential 9.66 6.29 14.83 5.44 3.00 9.87
Severe Forceps 19.81 1786  21.92 19.84 17.12 22.87
perineal Vacuum 000 825 668 1015 0.00 949 646 1373
lacerations ) ' '
(319/4 deg)* Sequential 2260 17.44  28.75 20.25 12.87 30.40

Adjusted for maternal age, parity, pre-pregnancy weight, infant birth weight, income quintile and year of birth.

Bold text denotes statistically significant differences between ARRs with and without prolonged second stage of

labour.

*Rate (%) and 95% CI provided for severe perineal lacerations as relative estimates were not estimable due to low

rate in the reference group.



