Antenatal magnesium sulfate in women
In preterm labour to prevent cerebral
palsy In the fetus
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Cerebral palsy

A A group of disorders of the development of
movement and posture, causing activity
limitation, that are attributed to non-
progressive disturbances that occurred in
the developing fetal or infant brain. The
motor disorders of cerebral palsy are often
accompanied by disturbances of sensation,
cognition, communication, perception,
and/or behavior, and/or by a seizure
disorder (Bax M et al. Dev Med Child
Neurol 2005;47:571-576)

A Birth prevalence of cerebral palsy is
approximately 2 per 1,000 live births (for the
entire birth cohort)

A Recognized more commonly in preterm
births with as many as 10-20% of infants <
31 weeks




Characteristics of magnesium

A 4t most abundant cation in the human body (2nd
most common intracellular cation)

A Extracellular Mg accounts for only 1% of the
body os Mg

A Serum a poor measure of body Mg (monocyte Mg is better)

A 1/, of skeletal Mg is exchangeable



Physiologic role of magnesium

A Mg+ catalyzes > 325 enzymes

A Activates PO, groups & reactions involving ATP
A Regulates DNA synthesis

A Regulates cell membrane permeability

A Pivitol role in:

A Neuronal activity

A Neuromuscular transmission

A Muscle contraction & vasomotor tone
A BP regulation

A Peripheral blood flow




Uses of MgSQO, In obstetrics



MgSO, to prevent preterm birth
(outcome: delivery < 48 hours
from trial entry)

Study or subgroup Treatrnent Control Risk Ratic Weight Risk. Ratio
™ i M-H,Random,?5% CI M-H,Random,?5% CI

Ararmayo 990 515 314 e 6.6 % .56 [ 045 5.33]
Chau 1992 2/46 452 A 43% 057011, 254]
Cotton 1984 [Of16 b ™ 135 % L32[ 072, 242 ]
Fox 1993 19445 25/45 R 16.6 % 0.66 [ 044, 0.98 ]
Glock 1993 341 3/39 D 4.8 % 095 [ 020,443 ]
Haghighi 199% | 2440 8/34 ™ 1.2% .28 [ 059, 275 ]
Larmon 1999 465 457 T 5.9 % 0.88 [ 023, 3.35]
Ma 1952 730 32/35 - |28 % 0.26 [013,049 ]
Morales 1993 8/52 5/49 B 8.1 % .51 [053 430]
Tchilinguirian 1984 936 1431 " I1.6% 070[ 034, 147 ]
Wilkins [988 566 254 I 45 % 205041, 12123 ]

Total (95% CI) 452 429 * 100.0 % 0.85 [ 0.58, 1.25 |

Tatal events: 84 (Treatment), |10 (Control)

Heterogereity: Tau® = 0.19; Chi® = 2074, df = |0 (P = 0.02); > =52%

Test for overall effect: Z = 0.82 (P = 041}
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MgSO, for the prevention of

eclampsia

Study or subgroup Magnesium Control Risk Ratio Risk Ratio
niM n/M M-H.Fixed 95% Cl M-H.Fixed 95% Cl
L Wagpe Trial 2002 15/1237 37/1345 —= 042[0.23,0.76]
South Africa 1994 1/112 /116 t . A1 [013, 7548]
South Africa 1998 1/345 117340 + 0.09[0.01,0.69]
Subtotal (95% CI) 1754 1801 ~i 0.37 [ 0.22, 0.64 ]

Total events: 17 iMagnesium), 48 (Contral)

Heterogeneity: Chi* = 3.73, df = 2 (P = 0.15); I* =46%

Test for overall effect: £ = 3.58 (F = 0.00034)

2 not severe pre-eclampsia

Magpie Trial 2002 25/3758 5903710 B 0.42[0.26, 0.67 ]
Taiwan 1995 0734 a/z0 0.0[0.0,00]
Uis - Memphis 1997 1/67 0/68 t - I04[0.13,7342]
US& - Tennesses 2001 0/1089 0/11z 0.0[0.0,0.0]
Subtotal (95% CI) 3968 3921 ~ali-— 0.44 [ 0.28, 0.69 ]
Total events: 26 (Magnesium), 59 (Contral)
Heterogeneity: Chi* = 1 46, df =1 (P =0.23); IF =32%
Test for overall effect: £ = 3.53 (P = 0.00041)
Total (95% CI) 5722 5722 - 0.41 [ 0.29, 0.58 ]
Total events: 43 (Magnesium), 107 (Control)
Heterogeneity: Chi* = 5.22, df =4 (P = 0.27); I* =23%
Test for overall effect: £ = 5.02 (P = 0.00001)
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Historical background to the hypothesis
that MgSO, may result in a lower
prevalence of CP

A IVH in babies of women with PET was at a lower
prevalence
A van de Bor (1987)
A Leviton (1988)

A IVH was felt to be due to MgSO, exposure in women

with PET
A Kuban (1992)

A Case control trial noted that VLBW infants with CP
had a lower exposure to MgSO, than those without

CP
A Nelson (1995)



MgSO, use for the prevention of
cerebral palsy

Aln 1996, when this talk was first
A i Mg $$ould be studied in mothers in preterm labour to determine
whet her or not we can prevent or ar

A Sincethen,MgSO,has been the subject of
long-term outcome in infants and has been summarized in a
Cochrane review (Doyle, L. W. et al, 2009)



Authors' conclusions

NThe neuroprotective 1ol
magnesium sulphate therapy given to women at

risk of preterm birth for the preterm fetus is now
establdYi shed. 0o

y Doyle, L. W., Crowther, C. A, Middleton, P., Marret, S., & Rouse, D. (2009). Magnesium sulphate for
women at risk of preterm birth for neuroprotection of the fetus. Cochrane Database of Systematic

Reviews (Online), (1)(1), CD004661.



Cochrane systematic review by
primary intention

1. Fetal neuroprotection
A Crowther 2003
A Marret 2006
A Mittendorf 2002 (n=59 vs placebo) i Arm 2
A Rouse 2008

2. Maternal pre-eclampsia
A Magpie 2006

3. Tocolytic
A Mittendorf 2002 (n=106nlvs fiothero t



The PICO(T) question

In women with threatened preterm labour, does the

use of MgSO, (for any indication in the mother)
compared to placebo (or not
lower prevalence of cerebral palsy in the baby. The time
Interval for follow-up should be at least 18 months.



Fetal d

ea

ths only

Study or subgroup Magresiurmn Mo magnesium Risk Ratic Risk: Ratio
n'N i M-H Fixad, 5% Cl M-H,Fixed25% Cl
| Meurcprotective intenit

Crowther 2003 9625 I1/826 T 081 [ 034, 1.55]

Marret 2006 2/352 3338 - 1 064 [0.11,378]

Mittendorf 2002 1/30 029 290 [0.12,6850]

Rouss 2008 5/1188 81256 — 7 066 [ 022, 201 ]
Subtotal (95% CI) 2199 2247 - 0.78 [ 0.42, 1.46 ]
Total events: |7 (Magnesium), 22 (Mo magnesium)

Heterogeneity: Chi® = 0.81, df = 3 (P = 0.85); 17 =0.0%
Test for overall effect: Z = 077 (P = 044)
2 Cther intent (maternal neuroprotective - pre-eclampsia)

Magpie 2006 117798 11795 [ | .00 [ 078, 1.27]
Subtotal (95% CI) 798 795 * 1.00 [ 0.78, 1.27 ]
Total events: |11 (Magnesiumy), 111 (Mo magnesium)

Heterogereity: not applicable
Test for overall effect: 2 = 0.03 (P = 0.98)
3 Other intent (tocolytic)

Mittendarf 2002 0/55 05| 00[00,00]
Subtotal (95% CI) 55 51 0.0 [ 0.0, 0.0 ]
Total events: O (Magnesium), O (No magnasium)

Heterogereity: not applicable
Test for overall effect: Z = 0.0 (P < Q.00001)
Total (95% CI) 3052 3093 * 0.96 [ 0.77, 1.21 ]
Total events: 128 (Magnesiumy), 133 (No magnesium)
Haterogeneity: Chi2 = 1.33, df = 4 (P = 0.86); 12 =0.0%
Test for overall effect: Z = 035 (P = 0.73)
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Paediatric deaths only

Study or subgroup Magnesium Mo magnasium Risk Ratio Weight Risk Ratio
niN n/N M-H,Random,35% Cl M-H,Random,55% Cl
| To latest age of follow up - neurcprotective intent

Crowther 2003 TH/625 EETY —i 388 % 081 [0el, 1.07]

Marret 2008 32/352 35/336 L 214 % 087 [ 055, 1.38]

Mittendorf 2002 1420 1129 0.8 % 057 [ 006, 1474]

Rouse 2008 98/ 188 88/1256 = 389 % .18 [ 089, 1.55]
Subtotal (95% CI) 2199 2247 - 100.0 % 0.96[0.77, 1.18 |
Total events: 209 (Magnesiumy), 220 (Mo magnesium)

Heterogeneity: Tau? = 0.01; Chi = 3.73, of = 3 (P = 0.29); I =20%
Test for overall effect: Z = 041 (P = 0.68)
2 To latest age of follow up - other intent: maternal neurcprotective (pre-eclampsia)

Magpie 2006 98/7H8 IS5 ‘-‘ 100.0 % 27096, 168 ]
Subtotal (95% CI) 798 795 - 100.0 % 1.27 [ 0.96, 1.68 |
Total events: 98 (Magnesium), 77 (Mo magnesium)

Heterogeneity: not applicable
Test for overall effect: Z = 1.65 (P = 0.099)
3 To latest age of follow up - cther intent: tocolytic

Mittendorf 2002 B/55 sl ] 1000 % 1579 [0.93, 26672 ]
Subtotal (95% CI) 55 51 T 100.0 % 15.79 [ 0.93, 266.72 |
Total events: 8 (Magnesium), O (Mo magnesiurm)

Heterogeneity: not applicable
Test for overall effect Z = |21 (P = 0.05&)
4 To latest age of follow up - any intent

Crowther 2003 TH/625 EETY — 279 % 081 [0el, 1.07]

Marret 2008 32/352 35/336 " 154 % 087 [ 055, 1.38]

Magpie 2006 98/7H8 IS5 i 275 % 27096, 168 ]

Mittendorf 2002 /85 1480 — I.1 % 847 [ 110,65.26 ]

Rouse 2008 98/ 188 88/1256 L 280 % .18 [ 089, 1.55]
Subtotal (95% CI) 3052 3093 - 100.0 % 1.06 [ 0.81, 1.40 |
Total events: 315 (Magresiumy), 297 (Mo magnesium)

Heterogeneity. Tau® = 0.05; Chi? = 1047, df = 4 (P = 0.03); > =62%
Test for overall effect: Z = 044 (P = 0.66)
5 During primary hospitalisation - neurcprotective intent
02 05 | 2 5
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Total deaths when magnesium

sulfate used as a tocolytic

(fetal, neonatal and infant)

Study or subgroup Treatment Control Risk Ratio Risk Ratio
NN N/ M-H Fixed 5% CI M-H,Fixed 55% ClI

Beall 1985 0r46 /85 Q000 0.0]
Cotton 1984 116 e — 12008, 1751 ]
Cae 1990 B/78 /89 — 4.56 [ 1.00, 2086 ]
Fooe 1993 0/45 0/45 Q000 0.0]
Glock 1993 /41 2/39 — & Q.19 [0.01, 3.85 ]
Mittendorf 1937 B/55 /52 ' " 609 [ Q95 271.91 ]
Morales 1993 /59 1/58 " 0.98 [ 0.0, 1535 ]

Total (95% CI) 340 387 - 2.82 [ 1.20, 6.62 ]

Total events: |8 {Treatment), & (Control)

Heterogeneity: Chi? =589, df =4 (P =021 I =32%

Test for overall effect: 7 = 238 (F = 0.017)
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Fetal or pae

latric deaths

Study or subgroup Magresium Mo magnesiumm Risk Ratio Weight Risk Ratio

ni n/M M-HFeead 257 CI M-H Fiead 957 CI
| Neurcprotective intent

Crowther 2003 87/625 |07/626 —i 250 % 081 [ 062, 1.05]

Marret 200& 34/352 38/326 L e 0.85 [ 055, 1.32]

Mittendorf 2002 Xi30 1129 0.2 % 123019 2018]

Rouse 2008 |C3/1 188 96/125¢6 T 217 % [L13[ 087 148]
Subtotal (95% CI) 2199 2247 - 56.0 % 0.95 [ 0.80, 1.12 |
Total events: 226 (Magnesiumy), 242 (Mo magnesiumy)

Heterogeneity: Chi? = 373, df = 3 (P = 0.29); 12 =20%
Test for overall effect: Z = 062 (P = 0.53)
2 Cther intent (matermal neuroprotective - pre-eclampsia)

Magpie 2006 2097798 188/795 = 439 % LIT093 1.31]
Subtotal (95% CI) 798 795 - 43.9 % 1.11[0.93, 1.31 ]
Total events: 209 (Magnesium), 188 (No magnesium)

Heterogeneity: not applicable
Test for overall effec: Z = 117 (P = 0.24)
3 Other intent (tocohtic)

Mittendorf 2002 8/55 51 0.1 % 1579 [0.93, 26672 ]
Subtotal (95% CI) 55 51 E— 0.1 % 15.79 [ 0.93, 266.72 |
Total events: 8 (Magnesium), O (No magnesium)

Heterogeneity: not applicable
Test for overall effec: Z = 191 (P = 0.058)
Total (95% CI) 3052 3093 * 100.0 % 1.04 [ 0.92, 1.17 |
Total events: 443 (Magnesiumy), 430 (No magnesiumy)
Heterogeneity: ChiZ = 9.07, df = 5 (P = 0.1 1); 17 =45%
Test for overall effect: Z = 057 (P = 0.57)
L L L L
02 0L | 2 5
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Cerebral Palsy by any intent of
MgSO,

Study or subgroup Magnesium Mo magnesium Risk: Ratio Waight Risk. Ratio
nitl rut M-H,Fixed,25% O M-H,Fixed 5%
Crowther 2003 367629 4126 i 27.5% 0.85 [O55, 1.31]
Magpie 2006 2798 5/795 T 33% 040 [ 008, 205]
Marret 2006 22352 30338 = 2001 % 0700041, 1.19]
Mittendarf 2002 3/85 3/80 -1 20 % 0.94 [ 020, 453]
Rouse 2008 4171188 74/1256 | 47.1 % 0.59 [ 040, 085 ]
Subtotal (95% CI) 3052 3093 . 100.0 % 0.68 [ 0.54, 0.87 |

Total events: 104 (Magnesium), 154 (Mo magnesium)
Heterogereity. Chi® = 2.26, df = 4 (P = 0.49); 17 =0.0%

Test for overall effect: £ = 3.08 (P = 0.0021)

Q001 201
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Substantial gross motor
dysfunction

Study or subgroup Magresium Mo magnesium Risk Ratio Weight Risk Ratic
nt nf M-H, Fixed,?5% Cl M-H Fixed,75% Cl
| Meurcprotective intant

Crowther 2003 |8/629 34/626 . 36l % 053 [ 030, 052]

Marret 2006 18/352 237336 - 239 % 078 [ 043 143 ]

Rouse 2008 201188 38/1256 L 39.3 % 056 [033,055]
Subtotal (95% CI) 2169 2218 * 99.5 % 0.60 [ 0.43, 0.83 |
Total events: 56 (Magnesium), 94 (INo magnesium)

Heterogeneity: Chi2 = 1.0, df = 2 (P = 0.e0); 12 =0.0%
Test for overall effect: 7 = 3.08 (P = 0.0021)
2 Other intent: maternal neuroprotective - pre-eclampsia)

Magpie 200& 798 o795 05 % 299012, 7326 ]
Subtotal (95% CI) 798 795 T —— 0.5 % 299 [0.12,73.26 |
Total events: | (Magnesium), O (Mo magnesium)

Hzterogeneity: not applicable

Test for overall effect: £ = 067 (P = 0.50)

Total (95% CI) 2967 3013 - 100.0 % 0.61 [ 0.44, 0.85 |
Total events: 57 (Magnesium), 4 (Mo rmagnesium)

Heterogereity: Chi = .96, df = 3 (P = 0.58); I* =0.0%

Test for overall effect: £ = 2.98 (P = 0.002%)

Q.01 ol |
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Cerebral palsy In studies with the
lowest bias

Study or subgroup Magnesium Mo magresium Risk Ratio Weight Risk Ratio
ni it M-H,Fixed,35% Cl M-H,Fixed,95% Cl
Crowther 2003 36/629 44626 = 369 % .85 [ 055, 1.31]
Rouse 2008 4171188 741256 . 631 % 0.59 [ 040, 085 ]
Total (95% CI) 1817 1882 . 100.0 % 0.68 [ 0.52, 0.91 |

Total events: 77 (Magresium), | 16 (Mo magnesium)

Heterogereity: Chi = [.&7, df = | (P = 0.20); 1> =40%

Test for overall effect: £ = Ze4 (P = 0.0082)

.ol Q.1 I
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Intraventricular haemorrhage

Study ar subgroup Magnesium Mo magnesium Risk. Ratio Wizight Risk. Ratio
it niM M-H,Fixed,25% C M-H,Fixed25% C
Crowther 2003 |&65/629 l48/626 T 204 % LT [092, 1.34]
Marret 2008 717352 BL/336 — 7.2 % 083 [ 062, 1.09]
Mittendorf 2002 | 3/85 [ 1/80 3% LT[ 053, 234 ]
Rouse 2008 218/1188 2541256 —- 500 % 091 [078, 1.08]
Tortal (95% CI) 2254 2298 - 100.0 % 0.96 [ 0.86, 1.08 |

Total events: 467 (Magnesiumy, 493 (Mo magnesium)

Heterogereity: Chi* = 375, df = 3 (P = 0.29); I* =20%

Test for overall effect: 2 = 065 (P = 0517

0.5 a7 I
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Periventricular leukomalacia

Study or subgroup Magnesium Mo magnesium Risk Ratio Weight Risk Ratio
nftl it M-H Fixed,25% M-H,Fixed, 95% I
Crowther 2003 22/629 2lig2a I 275 % .04 [ 058, 1.88]
Marret 2006 274352 28/338 375 % 092 [ 055, 1.53]
Mittendaorf 2002 |85 ki) 0.7 % 2B3[ 012, 6837 ]
Rouse 2008 2141188 27i1256 T 343 % 082 [ 047, 1.45]
Total (95% C1) 2254 2298 100.0 % 0.93 [ 0.68, 1.28 |

Total events: 71 (Magnesium), 76 (Mo magnesium)

Heterogeneity. Chi® = 0.80, df = 3 (P = 0.85); I =0.0%

Test for averall effect: 2 = 043 (P = 0.67)

Q.0 Ql
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Neonatal selizures

Study or subgroup Magnesium Mo magniesiunm Risk: Ratio Wizight Risk: Ratic
nit (i M-H Fixed,25% C M-H Fixed25% C
Crowther 2003 25/829 3Xels —- 6.2 % 078 [ 047, 1.30]
Marret 2008 71352 B33 ol 2.3 % 074 [ 028, 1.57]
Rouse 2008 2371188 2971256 L 40.6 % 084 [ 049, 1.44]
Total (95% CI) 2169 2218 - 100.0 % 0.80 [ 0.56, 1.13 |
Tatal events: 55 (Magnesium), 70 (Mo magnesium)
Heterogereity: Chi = 0.06, df = 2 (P = 0.97); 17 =0.0%
Test for overall effect: £ = 1.28 (P = 0.20)
| | | | | |
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Other neurodevelopmental
Impairment

A Cognitive (& language) delay
A Blind

A Deaf



Cognitive impairment

Study or subgroup Magnesium Mo rmagnesium Risk. Ratio Wizight Risk. Ratio
niM nit M-H,Fixed,25% C M-H Fixed 95% C
| Meurcprotective intent
Crowther 2003 |76/629 | 7Ve26 E 258 % .03 [ 086, 1.23]
Rouse 2008 406/1188 42711256 629 % LOT (020, 1.12]
Marret 2006 57/352 63336 bl 9.8 % 086 [ 062, 1.20]
Subtotal (95% CI) 2169 2218 -> 98.5 %o 1.00 [ 0.91, 1.09 |

Total events: 639 (Magnesium), 860 (Mo magnesium)

Heterogeneity: Chi2 = 090, df = 2 (P = 0.64); 12 =0.0%

Tast for overall effect: £ = Q.05 (P = 0.9¢)

2 Cther intent (maternal neuroprotactive - pre-aclampsia)
Magpie 2004 798 [ /795 ' 1.5 % 080032, 201]

Subtotal (95% CI) 798 795 e 1.5 % 0.80 [ 0.32, 2.01 |
Total events: 8 (Magnesium), |2 (Mo magnesium)
Heterogeneity: not applicable

Test for overall effect: 7 = 048 (P = 063)
Total (95% CI) 2967 3013 - 100.0 % 0.99 [ 0.91, 1.09 |
Total events: 647 (Magnesium), 670 (Mo magnesium)
Heterogeneity: Chi = 1,13, df = 3 (P = 0.77); I* =0.0%

Test for overall effect: Z =0 | (P =091)

4

Q.5 07 I 1.5

[}

Favours magnesium Favours no magnesiurm



Blindness

Study or subgroup Magnesium Mo magnesium Risk. Ratio Wlght Risk. Ratic
nJ/M i M-H,Fixed,?5% C M-H Fixed,25% C
| Meurcprotective intent

Crowther 2003 /629 1f626 249 % [.00 [ 006, 1588 ]

Marret 2006 [/352 [/336 254 % 095 [ 006, 15.20]
Subtotal (95% CI) 981 962 50.3 % 0.97 [ 0.14, 6.90 |
Total events: 2 (Magnesium), 2 (Mo magnesium)

Heterogereity: Chi® = 0.00, df = | (P = 0.98); I* =0.0%
Test for overall effect: 7 = Q.03 (P = 0.98)
2 Cther intent (maternal neuropratactive - pre-eclampsia)

Magpie 2006 17798 21795 —— 49.7 % 050 [ 005,548 ]
Subtotal (95% CI) 798 795 ——— 49.7 %o 0.50 [ 0.05, 5.48 |
Total events: | (Magnesium), 2 (Mo magnesium)

Heterogeneity: not applicable

Test for overall effect: 7 = 057 (P = 057)

Total (95% CI) 1779 1757 —— 100.0 % 0.74[0.17, 3.30 |
Total events: 3 (Magnesium), 4 (Mo magnesium)

Heterogeneity: Chi2 = 0,18, df = 2 (P =0.91); 12 =0.0%

Test for overall effect: £ = 040 (P = 0.69)

a0l al
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