LAMPIRAN
Lampiran 1. Asuhan Kebidanan

ASUHAN KEBIDANAN PADA IBU HAMIL
NY.W UMUR 32 TAHUN GsP2AboAh2 UK 32 MINGGU
DENGAN KEHAMILAN NORMAL
DI PUSKESMAS IMOGIRI |

MRS TGL/JAM : 17-12-2022/ jam 08.00 WIB
Identitas Ibu Suami
Nama : Ny.W ™m.T
Usia : 32 tahun 35 tahun
Pendidikan : SMA SMA
Pekerjaan : Ibu Rumah Tangga Karyawan Swasta
Agama  :Islam Islam

Alamat  : Sindet RT 01, Wukirsari, Imogiri, Bantul
. Alasan/Keluhan Kedatangan
Ny.W mengatakan ingin kontrol kehamilan dan tidak ada keluhan
Riwayat Pernikahan
Menikah 1 kali. Menikah umur 24 tahun, dengan suami sudah 8 tahun.
Riwayat Menstruasi
Menarche umur 12 tahun. Siklus 28 hari. Teratur. Lama 5-7 hari. Sifat darah: encer. Flour
albus: ada, tidak berwarna, tidak berbau. Bau khas darah. Dysmenorhoe: tidak. Banyak
darah 3-4 kali ganti pembalut/hari
Riwayat Kehamilan ini
a. Riwayat ANC
HPHT 1 Mei 2022  HPL 8 Februari 2023
b. ANC sejak umur kehamilan 15 minggu. ANC di Puskesmas, PMB
c. Frekuensi Trimester | 2 kali
Trimester 11 2 kali
Trimester 111 3 kali
d. Pergerakan janin aktif, dalam 12 jam terakhir lebih dari 10 kali.
Riwayat Kesehatan
a. Ny.W mengatakan tidak pernah atau tidak sedang menderita penyakit seperti
IMS,HIV, ISK, kelainan bawaan, dll.
b. Ny.W mengatakan bapak menderita hipertensi
c. Ny.W mengatakan tidak pernah di rawat inap di rumah sakit.
d. Ny.W mengatakan tidak pernah menggunakan NAPZA, tidak merokok, namun suami
merokok.
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7. Pola Nutrisi

Makan Minum
a. Frekuensi 3 x/hari 8 x/hari
b. Porsi Sedang, terdiri dari 1 centong nasi, Gelas sedang

1 potong lauk, 1 centong sayur dan
1-2 jenis buah

c. Macaltm Nasi, lauk nabati dan/atau hewani, Air putih
sayur dan buah
d. Keluhan Tidak ada keluhan Tidak ada keluhan

8. Pola istirahat
Tidur siang selama 30 menit sekitar pukul 12.00-12.30 WIB dan tidur malam : £7-8 jam
sekitar pukul 21.00-05.00 WIB
9. Aktivitas Seksual
Ny.W mengatakan melakukan hubungan seksual 1 kali seminggu.
10. Aktivitas sehari-hari
Ny.W mengatakan kegiatan sehari-hari adalah mengerjakan pekerjaan rumah seperti
menyapu, mengepel, memasak, dan mengurus anak.
11. Keadaan Psikososial
a. Ibu, suami, dan keluarga menerima kehamilan saat ini.
b. Pengetahuan ibu tentang kehamilan
Kehamilan adalah masa ibu mengandung janin selama 9 bulan dan saat itu harus bisa
menjaga kesehatan ibu dan janin.
c. Dukungan keluarga
Suami dan keluarga memberikan dukungan moril maupun materi kepada ibu dan
saling membantu.
12. Persiapan/rencana persalinan
Ibu mengatakan ingin melahirkan di Puskesmas, didampingi suami, transportasi
menggunakan sepeda motor, dan menggunakan jaminan kesehatan
13. Riwayat Kehamilan, Persalinan, dan Nifas

Persalinan Nifas
Hamil [Tgl Jenis Komplikasi BB L aktasi
K& lLanir UK persalinan  [O1€N EZ?/? 1bu dntye lahir  Ya/tdk |KOmPlikasi
1. 2015 |Aterm |Spontan Bidan [Tidakada P 3100 gr |Ya Tidak ada
2. 2018  |Aterm |[Spontan Bidan [Tidakada P 3200 gr |Ya Tidak ada

3. Hamil ini

14. Riwayat Kontrasepsi yang Digunakan

Jenis Mulai memakai Berhenti/ ganti
Alkon Tgl | Oleh | Tempat Keluhan | Tgl Oleh | Tempat Keluhan

No

1. [Suntik 3| 2015| Bidan | Puskesmas| Tida adak| 2017 | Bidan | Puskesmas| Ingin  program
bulan hamil
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2. Suntik 3 2018| Bidan | Puskesmas| Tida adak| 2022 | Bidan | Puskesmas| Ingin  program
bulan hamil

1. Pemeriksaan Umum

a. KU : Baik, kesadaran compos mentis
b. Tanda vital : TD 105/75 mmHg, N 89 kali/menit, R 18 kali/menit, S 36,6°C
c. BB : Sebelum hamil 58 Kg, BB sekarang 71 kg
TB :163 cm
IMT : 21,8 kg/m? (kategori normal)
LLA : 27 cm (tidak KEK)
2. Pemeriksaan Khusus
a. Muka - Tidak pucat, conjungtiva tidak pucat
b. Perut
1) Inspeksi : Membesar memanjang, tidak ada bekas luka operasi, tidak tampak

striae gravidarum
2) Palpasi
a) Leopold1 : Teraba bulat, lunak, tak lenting, kesimpulan bokong janin, TFU
pertengahan pusat px
b) Leopold Il . Sebelah kiri ibu teraba berbenjol-benjol, bagian kecil janin,
kesimpulan ekstremitas janin, perut sebelah kanan ibu teraba keras, datar,
kesimpulan punggung janin
c) Leopold Il : Teraba bulat, keras, lenting, kesimpulan kepala janin
d) Leopold IV: Divergen, kesimpulan bagian kepala sudah masuk panggul
Mc Donald TFU 25 cm, TBJ = (25-11)x155= 2,170 gr
3) Auskultasi : Punctum maksimum puka, 140 kali/menit teratur
c. Kaki : Simetris, gerakan bebas, varises: tidak ada, edema: tidak ada
3. Pemeriksaan Penunjang
a. ANC Terpadu (09/06/2022)

1) Hb : 14,9 gr/dL
2) HbSAg : Negatif
3) HIV : Negatif
4) TPHA : Negatif

5) GDS . 76 mg/dL

6) Protein Urin : Negatif
7) Gol. Darah : B+

Ny.A umur 32 tahun GzP2AboAh; UK 32*® minggu dengan kehamilan normal

1. Memberitahu hasil pemeriksaan kepada ibu dan suami bahwa kondisinya dalam keadaan
bai. Ibu mengerti dengan hasil pemeriksaan yang disampaikan.

2. Memberikan KIE mengenai ketidaknyamanan trimester Il1l. lbu mengerti yang
disampaikan.
3. Memberikan KIE mengenai tanda bahaya kehamilan. Ibu mengerti yang disampaikan.

4. Memberikan motivasi kepada ibu untuk tetap mengkonsumsi obat yang diberikan, dan
meminta suami untuk memastikan ibu sudah mengkonsumsi obatnya. Ibu dan suami
bersedia saling membantu.

5. Memberikan terapi obat tablet Fe 30 buah 1x1 dan kalk 30 buah 1x1 dan memberitahu

144




cara mengkonsumsi obat yang benar. Ibu mengerti dan bersedia meminumnya.
6. Memberitahu ibu untuk melakukan kunjungan ulang 1 minggu lagi atau jika ada keluhan
7. Melakukan dokumentasi asuhan yang telah dilakukan. Dokumentasi telah selesai.
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CATATAN PERKEMBANGAN PEMERIKSAAN KEHAMILAN

Hari/ Data
Tanggal, Subiekti Data Objektif Analisis Penatalaksanaan
Jam ubjektif
Senin, Ibu KU baik Ny.A umur 32 |1. Memberitahu hasil pemeriksaan bahwa saat
09/01/2022 | mengatakan | Kesadaran compos mentis tahun ini ibu dan janin dalam keadaan sehat. 1bu
jam  09.00 | ingin TD 121/99 mmHg G3P2AboAh> mengerti kondisi kesehatan dirinya
WIB kontrol N 78x/menit UK 36*1 | 2. Memberitahui ibu persiapan persalinan.
kehamilan | R 20x/menit minggu Ibu sudah mempersiapkannya.
dan  tidak | S 36,6°C dengan 3. Mengingatkan ibu untuk mengkonsumsi
ada keluhan | BB 71 kg kehamilan obat yang diberikan secara teratur. lbu
Wajah tidak ada oedema normal mengerti dan bersedia melakukan anjuran
Leopold I: bokong, TFU 3 jari yang diberikan.
dibawah px 4. Mengingatkan ibu tanda-tanda persalinan.
Leopold II:  punggung kanan, Ibu masih mengingat penjelasan yang
ekstremitas Kiri diberikan.
Leopold I1I: kepala 5. Memberitahu ibu jadwal kunjungan ulang
Leopold 1V: kepala sudah masuk yaitu 1 minggu lagi atau bila ada keluhan.
panggul Ibu mengerti jadwal kunjungan ulang.
DJJ : 140 x/menit teratur
TFU :31cm
TBJ : 3,100 gr
Ekstremitas : Tidak ada oedema
Kamis, Ibu KU baik Ny.A umur 32 |1. Memberitahu hasil pemeriksaan bahwa saat
19/01/2022 | mengatakan | Kesadaran compos mentis tahun ini ibu dan janin dalam keadaan baik, namun
jam  09.00 | ingin TD 131/92 mmHg G3P2AboAh> ini mengalami tensi tinggi. Ibu mengerti
WIB kontrol N 88x/menit UK 37+ kondisi kesehatan dirinya
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kehamilan R 22x/menit minggu 2. Melakukan skrining preeklampsia dengan
dan S 36,6°C dengan susp. MAP. Hasil ibu termasuk preeklampsia
mengatakan | BB 71 kg preekalmpsia |3. Menjelaskan  penyebab  dan  risiko
merasa Wajah tidak ada oedema preeklampsia dalam kehamilan serta
sering Leopold I: bokong, TFU 3 jari persalinan. Ibu mengerti
kesemutan | dibawah px 4. Memberitahu ibu bahwa ibu perlu dirujuk
dan pusing | Leopold 1I:  punggung kanan, ke RS untuk mendapat penanganan lebih
ekstremitas Kiri lanjut. Ibu dan keluarga memustuskan
Leopold II: kepala untuk dirujuk ke RSU Rajawali Citra dan
Leopold 1V: kepala sudah masuk menandatangani informed consent.
panggul
DJJ : 142 x/menit teratur
TFU :32cm
TBJ : 3,255 gr
Ekstremitas : Tidak ada oedema
Pemeriksaan Penunjang
Hb: 12,1 gr/dL
Protein/Reduksi Urine:
Negatif/Negatif
Kamis, Ibu KU baik Ny.A umur 32 | 1. Diberitahukan hasil pemeriksaan. Ibu
26/01/2023, | mengatakan | Kesadaran compos mentis tahun mengerti kondisi kesehatan dirinya
jam 10.00 ingin TD 141/73 mmHg GsP2AboAh;  |2. Dijelaskan penyebab dan risiko dalam
Berdasarkan | kontrol BB 74 kg UK 38*6 preeklampsia kehamilan serta persalinan.
buku KIA kehamilan Pemeriksaan USG : presentasi kepala, | minggu Ibu mengerti
dan punggung kanan, TBJ 3000 gr dengan 3. Ibudiminta untuk kontrol 1 minggu lagi. Ibu
mengatakan preekalmpsia bersedia melakukannya
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sering

kesemutan
Kamis, Ibu KU baik Ny.A umur 32 |1. Diberitahukan hasil pemeriksaan. Ibu
02/02/2023, | mengatakan | Kesadaran compos mentis tahun mengerti kondisi kesehatan dirinya
jam 11.00 ingin TD 110/82 mmHg G3P2AboAh> Dijelaskan penyebab dan risiko dalam
Berdasarkan | kontrol BB 74,5 kg UK 39*1 preeklampsia kehamilan serta persalinan.
buku KIA kehamilan | Pemeriksaan USG : presentasi kepala, | minggu Ibu mengerti
dan punggung kanan, TBJ 3000 gr dengan Dijelaskan mengenai makanan yang harus
mengatakan preekalmpsia dihindari. Ibu bersedia melakukannya
merasa Ibu diminta untuk kontrol 1 minggu lagi. Ibu
pusing bersedia melakukannya
Kamis, Ibu KU baik Ny.A umur 32 |1. Diberitahukan hasil pemeriksaan. Ibu
09/02/2023, | mengatakan | Kesadaran compos mentis tahun mengerti kondisi kesehatan dirinya
jam 10.00 | ingin TD 130/70 mmHg G3P2AboAh; . Ibu direncanakan untuk dilakukan induksi
WIB kontrol BB 74 kg UK 40" persalinan tgl 13/02/2023 jam 18.00 WIB.
Berdasarkan | kehamilan | Pemeriksaan USG : presentasi kepala, | minggu Ibu dan suami bersedia
buku KIA | dan saat ini | punggung kanan, TBJ 3200 gr dengan Ibu diminta untuk langsung ke fasilitas
tidak ada preekalmpsia Kesehatan terdekat jika ada tanda-tanda
keluhan persalinan. lbu dan suami bersedia

melakukannya
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ASUHAN KEBIDANAN PADA IBU BERSALIN
NY.W UMUR 32 TAHUN G3P2AboAh; UK 40" MINGGU
DENGAN RETENSIO SISA PLASENTA

DI RSU RAJAWALI CITRA

Berdasarkan anamnesa dengan pasien dan melihat RM di RSU RC.
MRS TGL/JAM : 13-02-2023/ jam 15.00 WIB

Keluhan : Ibu mengatakan sudah ada lendir darah sejak tgl 12-02-2023 jam
08.00 WIB dan sudah kenceng-kenceng sering jam 18.00 WIB, datang ke
Puskesmas jam 20.30 WIB namun belum ada pembukaan dan ibu diminta
pulang. Tgl 13-02-2023 jam 00.30 WIB ibu periksa ke RSU Rajawali Citra
karena sudah terasa sangat sakit.

Riwayat Kesejahteraan Janin

Gerakan janin aktif, gerak dalam 12 jam terakhir ada lebih dari 10 gerakan

. Pemeriksaan fisik

Tekanan darah 130/80, pembukaan 1 cm

Penatalaksanaan

Dilakukan observasi kemajuan persalinan. Jam 03.00 WIB ibu merasa pusing kemudian

diberikan obat untuk menurunkan tekanan darah. Jam 05.00 WIB pembukaan menjadi 5

cm, merasa ingin mengejan terus-menerus dan selaput ketuban masih belum pecah.

Kemudian dibantu bidan untuk memecah selaput ketuban dan pembukaan langsung

lengkap, bayi lahir secara normal jam 05.50 WIB. Ada robekan jalan lahir dan dijahit

dengan anestesi. Bayi lahir BB 3,695 gram dan PB 50,5 cm. Plasenta lahir, kemudian

dipasang KB 1UD pasca salin sesuai permintaan ibu.

Catatan Perkembangan (Tgl 13-02-2023, jam 08.00 WIB)

Keluhan : Ibu mengatakan merasa kontraksi seperti pembukaan 2 cm.

Pemeriksaan Penunjang

Pemeriksaan USG : Tampak ada sisa plasenta

Penatalaksanaan

Ibu direncanakan kuret tgl 14/02/2023 jam 13.00 WIB untuk mengeluarkan sisa plasenta
yang masih tertinggal. Setelah dilakukan kuret dan dilakukan observasi semalam, tgl
15/02/2023 ibu diperbolehkan pulang.
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ASUHAN KEBIDANAN PADA BAYI| BARU LAHIR
BY. Ny. W UMUR 1 JAM CUKUP BULAN SESUAI MASA KEHAMILAN
DI RSU RAJAWALI CITRA

Tangal/Jam : 13-02-2023 jam 06.50 WIB
Berdasarkan buku KIA dan anamnesa dengan ibu

1. Identitas Anak

Nama : By.Ny.W
Tanggal lahir : 13-02-2023
Umur 1 jam

Jenis kelamin : Perempuan
2. Riwayat Intranatal

Lahir tanggal 13-02-2023 jam 05.50 WIB

Jenis persalinan : Spontan

Penolong : Bidan di RSU Rajawali Citra

Lama persalinan :Kalal 4 jam 30 menit
Kala Il 25 menit
Kala Il 15 menit

KalalV 2 jam
3. Keadaan bayi baru lahir
BB/ PB Lahir : 3,695 gr/50,5cm
No Kriteria 1 menit 5 menit 10 menit
1 Denyut Jantung 2 2 2
2 Usaha Nafas 2 2 2
3 Tonus Otot 2 2 2
4 Reflek 1 2 2
5 Warna kulit 2 2 2
Total 9 10 10
Nilai APGAR . Imenit/ 5Smenit/ 10menit : 9//10/10
Caput succedaneum - tidak ada
Cephal hematom - tidak ada
Cacat bawaan : tidak ada
4. Keluhan

Bayi lahir spontan, sehat, menangis kuat, kulit kemerahan, gerakan aktif

1. Pemeriksaan umum

a. KU : Baik

b. Kesadaran : Compos mentis
c. Suhu : 36,5°C

d. BB : 3,695 gr

e. PB :50,5¢cm

f. LK :33cm

g. LD :34cm

h. LLA :12cm
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i. RR 1 44 xX/m

J.  Nadi : 128 x/m

Pemeriksaan fisik

a. Kepala : simetris, tidak terdapat benjolan, tidak terdapat caput succedaneum dan
cepal hematoma

b. Mata : bentuk simetris, konjungtiva tidak anemis, sklera tidak ikterik

c. Hidung :simetris, tidak terdapat kotoran, tidak terdapat pernafasan cuping hidung

d. Mulut : tidak tampak labioskizis dan labiopalatoskizis, lidah bersih

e. Leher - tidak terdapat pembesaran kelenjar tiroid, limfe, dan vena jugularis

f. Dada : simetris, tidak ada retraksi tarikan dinding dada kedalam

g. Abdomen :simetris, tidak terdapat benjolan abnormal, tali pusar massih basah

h. Punggung : tidak ada spina bifida

I. Genetalia : labia mayora menutupi labia minora

j.  Anus : berlubang

k. Ekstremitas

1) Atas :simetris, tidak terdapat sindaktili atau polidaktili, jari-jari lengkap,
ektremitas tidak kebiruan dan tidak ikterik.
2) Bawah : simetris, tidak terdapat sindaktili atau polidaktili, jari-jari lengkap,
ektremitas, tidak kebiruan dan tidak ikterik.
|. Reflek
1) Moro . + (bayi terkejut)
2) Rooting :+ (bayi mengikuti arah sentuhan)
3) Walking : + (bayi menggerakkan kakinya)
4) Graphs . + (bayi bisa menggenggam)
5) Sucking :+ (bayi menghisap dengan baik)
6) Tonic neck : + (bayi mampu menolehkan kepalanya)
m. Eliminasi : miksi (+), mekonium (+)

By. Ny.E umur 1 jam cukup bulan sesuai masa kehamilan normal

o>

1.

2.
3.

o

Diberitahu hasil pemeriksaan kepada orangtua bahwa kondisi bayi baik. Orangtua
mengerti kondisi anaknya

Dilakukan observasi KU dan Vital Sign. Hasil pemeriksaan dalam batas normal

Ibu diberitahu cara menjaga kehangatan bayi dengan mengganti pakaian bayi bila basah
atau kotor. Suhu bayi terjaga tidak hipotermi

Ibu diberitahu untuk memberikan ASI sesering mungkin pada bayi minimal tiap 2 jam
atau sesuai kebutuhan dan membantu ibu menyusui bayinya. Ibu mengerti dan bersedia
memberikan ASI sesering mungkin

Dilakukan observasi BAB dan BAK. Bayi sudah BAB dan BAK

Ibu diberitahu bahwa bayinya akan dimandikan setelah 6 jam post partum. Keluarga
mengerti dan bersedia

Dilakukan injeksi vitamin K 1 mg secara IM pada paha kiri 1/3 bagian luar atas dan salep
mata eritromycin 0,5 % sebanyak 1 tetes pada mata kanan dan mata Kiri segera setelah
bayi lahir. Sudah diberikan

Ibu diberitahu cara mengganti popok apabila bayi BAB dan BAK tidak boleh diberi bedak
pada daerah kelamin memberitahu cara merawat tali pusat yaitu dengan cara dibiarkan
kering dan bersih. Keluarga mengerti cara merawat bayi.
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Ibu diberitahu mengenai tanda bahaya bayi baru lahir diantaranya yaitu merintih, demam,
kulit berwwarna kuning, tidak mau menyusu, dan muntah. Apabila terdapat salah satu dari
tanda tersebut maka ibu harus segera melaporkan ke bidan. Ibu mengerti tanda bahaya

bayi baru lahir.
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CATATAN PERKEMBANGAN NEONATUS

Hari,
Tanggal/ Data Subjektif Data Objektif Analisis Penatalaksanaan
Jam
KN I Ibu  mengatakan | Berdasarkan data | By.Ny.W umur | 1. Memberitahu hasil pemeriksaan kepada ibu bahwa
Senin, bayinya dalam SUbjEktifZ 8 jam cukup bayinya dalam keadaan baik
13/02/2023, | kondisi sehat, tali | KU baik bulan  sesuai | 5 pjjakukan cap kaki kanan dan kiri bayi untuk
14.00 WiB pusat_ . dala}m Kesaglaran COMpOS | masa bukti kelahiran bayi dan kelengkapan rekam medis
kondisi bersih, | mentis kehamilan . .
tidak mengalami | S 36,8 °C bgyl b_aru Iahlr_dan t_>uku _KIA_\.
ikterik dan diare, 3. Diberikan suntikan imunisasi HbO
sudah bisa 4. Disampaikan tentang ASI ekslusif dan teknik
menyusu dan sudah menyusui yang benar.
BAB serta BAK
KN 11 Ibu  mengatakan | KU baik, By.Ny.W umur | 1. Memberitahu hasil pemeriksaan kepada ibu bahwa
Rabu, bayinya dalam | Kesadaran compos | 3 hari normal bayinya dalam keadaan baik
15/02/2023, | kondisi baik, tidak | mentis 2.Mengingatkan ibu untuk menyusui bayinya
10.00 WIB | kuning, tidak | BB 3700 gr sesering mungkin atau minimal 2 jam sekali untuk
demam PB 50,5 cm . . . . i
S 365 °C mengatasi  kuning yang dialami  bayinya,
Tali pusat kering, tidak memenuhi nutrisi bayi dan menambah asupan
ada tanda infeksi makanan sayur-sayuran hijau agar membantu
Tidak ada tanda ikterik produksi ASI. Ibu bersedia melakukannya.
3. Mengingatkan ibu untuk menjemur bayi di bawah
sinar matahari selama 15-30 menit setiap hari pada
rentang pukul 07.00-09.00 WIB dengan menutup
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mata dan bagian alat kelamin bayi serta
menghindari posisi yang membuat bayi melihat
langsung ke arah matahari yang dapat merusak
matanya. Ibu sudah mencoba melakukannya.

4. Memberi konseling ibu untuk menjaga kehangatan
bayinya dengan membedong bayi dan
memakaikan topi serta segera mengganti popok
bayi apabila BAB/BAK. Ibu mengerti dengan
penjelasan yang diberikan.

KN 111
Rabu,
22/02/2023,
08.00 WIB

Ibu  mengatakan
bayinya sehat,
menyusu kuat

KU baik,
Kesadaran
mentis

BB 3780 gr
PB 51 cm
S$36,8°C

Tali pusat sudah lepas
Tidak ada tanda ikterik

compos

By.Ny.W umur
10 hari normal

1. Memberi konseling ibu untuk menjaga
kehangatan bayinya dengan membedong bayi
dan memakaikan topi serta segera mengganti
popok bayi apabila BAB/BAK. Ibu mengerti
dengan penjelasan yang diberikan.

2. Memberikan ibu KIE mengenai ASI ekslusif.
Ibu mengerti mengenai asi ekslusif

3. Memberitahu ibu untuk selalu mencuci tangan
sebelum memegang atau memberikan ASI pada
bayinya agar bayi terhindar dari virus penyakit.
Ibu mengerti dengan penjelasan bidan.

4. Mengingatkan ibu untuk melakukan imunisasi
BCG pada bayinya. 1bu bersedia melakukannya.
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CATATAN PERKEMBANGAN PEMERIKSAAN NIFAS

Hari,
Tanggal/ Data Subjektif Data Objektif Analisis Penatalaksanaan

Jam
KF 1 Ibu mengatakan | Berdasarkan data | Ny.A usia 32 tahun Menyampaikan hasil pemeriksaan kepada ibu
Senin, keadaan saat ini | subjektif: P3AboAhs bahwa ibu dalam keadaan baik. Ibu mengerti
13/02/2023, | baik dan sehat. Ibu | KU baik postpartum 8 jam |2. Memberikan KIE untuk memberikan ASI
14.00 WIB sudah Kesadaran ~ compos | normal eksklusif pada bayinya. Ibu bersedia

mengonsumsi mentis melakukannya

Vitamin A, sudah
BAK dan belum
BAB

TD 110/70 mmHg
N 80 kali/menit
R 22 kali/menit
Suhu 36,5 °C
BB 71 kg
Kontraksi

keras

TFU 2 jari dibawah
pusat

Perdarahan
pervaginam  dalam
batas normal, lochea
rubra, bekas jahitan
masih basah, tidak
ada tanda infeksi
Tidak ada varices atau
bengkak dikaki

uterus

Memberikan KIE mengenai teknik menyusui
yang benar. lbu dapat mempraktikkannya
dengan baik

Memberikan  KIE untuk  meningkatkan
pemenuhan kebutuhan nutisi dan memenuhi
kebutuhan cairan dengan mengkonsumsi air
putih sebanyak 2-3 liter/hari. lbu bersedia
melakukannya

Memberikan KIE mengenai tanda bahaya
masa nifas. Ibu mengerti yang disampaikan.
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KF 11
Rabu,
17/02/2023,
10.00 WIB

Ibu  mengatakan
tidak ada keluhan

KU baik
Kesadaran
mentis
TD 110/87 mmHg

N 80 kali/menit

R 22 kali/menit

S 36,2°C

BB 71 kg

Wajah tidak pucat,
tidak ada edema
Payudara  simetris,
putting menonjol dan
lecet pada bagian Kiri,
ASI+

Abdomen TFU
pertengahan sympisis
pusat, kontraksi keras
Vulva bersih, lochea
sanguilenta, jahitan
masih basah, tidak
ada tanda infeksi,
Ekstremitas tidak ada
tromboemboli

compos

Ny.A umur 32 tahun
P3AboAhs
postpartum hari ke 3
normal

Memberitahu hasil pemeriksaan bahwa saat ini
ibu dalam keadaan baik. Ibu mengerti dan
merasa tenang dengan kondisinya.
Memberitahukan ibu untuk mengusap puting
susu yang lecet dengan ASI setelah menyusui
bayinya, dan dibiarkan kering terlebih dahulu
sebelum menggunakan bra kembali. Meminta
ibu untuk tetap menyusui bayinya setiap 2 jam
sekali atau jika bayi menginginkannya. lbu
mengerti dan bersedia melakukannya.
Memberi ibu KIE mengenai personal hygiene.
Membersihkan bagian kewanitaan dengan air
bersin dan sabun kemudian dikeringkan
menggunakan handuk bersih agar tidak
lembab. Jangan takut untuk membersihkan
luka jahitan agar tidak terjadi infeksi. lIbu
bersedia melakukan anjuran tersebut.
Memberi ibu KIE mengenai nutrisi.
Menganjurkan ibu untuk mengonsumsi
makanan tinggi protein dan zat gizi agar
pemulihan tubuh ibu berlangsung cepat dan
produksi ASI melimpah. Menganjurkan ibu
untuk minum minimal 3 liter per hari agar
kebutuhan cairan ibu tercukupi. lbu mengerti
dan berusaha mengukuti anjuran yang
diberikan.
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Menganjurkan ibu untuk menyusui anaknya
secara on demand atau tidak terjadwal. Ibu
bersedia menyusui bayinya sesering mungkin
Memberi KIE ibu untuk istirahat yang cukup
agar produksi ASI lancar. Ibu mengerti dengan
penjelasan.

Memberikan KIE dan mengajarkan ibu senam
nifas. Ibu bersedia melakukannya.
Menganjurkan suami ibu untuk ikut serta
dalam mengasuh dan merawat anak secara
bergantian agar ibu tidak kelelahan. Suami
bersedia dan sanggup untuk membantu
merawat bayi ketika tidak sedang bekerja.
Memberi  motivasi kepada ibu untuk
memberikan ASI ekslusif selama 6 bulan
kepada bayinya. Ibu bersedia untuk menyusui
anaknya secara ekslusif selama 6 bulan.

KF 111
Rabu,
22/02/2023,
09.00 WIB

Ibu mengatakan
saat ini keadaannya
baik dan sehat.

KU baik
Kesadaran
mentis
TD 110/87 mmHg

N 80 kali/menit

R 22 kali/menit

S 36,2°C

BB 69 kg

Wajah tidak pucat,
tidak ada edema

compos

Ny.A umur 32 tahun
PsAboAhs
postpartum hari ke
10 normal

Memberitahu ibu bahwa secara umum keadaan
ibu baik, pemulihan tubuh ibu berjalan dengan
baik. Ibu merasa lega.

Menganjurkan suami ibu untuk ikut serta
dalam mengasuh dan merawat anak secara
bergantian agar ibu tidak kelelahan. Suami
bersedia dan sanggup untuk membantu
merawat bayi ketika tidak sedang bekerja.
Memberi ibu KIE mengenai personal hygiene.
Membersihkan bagian kewanitaan dengan air
bersihn dan sabun kemudian dikeringkan
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Payudara  simetris,
putting menonjol dan
tidak lecet, ASI+
Abdomen TFU tidak
teraba

Vulva bersih, lochea
serosa, jahitan sudah
kering, menyatu,
tidak ada tanda
infeksi,

Ekstremitas tidak ada
tromboemboli

menggunakan handuk bersih agar tidak
lembab. Jangan takut untuk membersihkan
luka jahitan agar tidak terjadi infeksi. Ibu
bersedia melakukan anjuran tersebut.
Memberi ibu KIE mengenai nutrisi.
Menganjurkan ibu untuk  mengonsumsi
makanan tinggi protein dan zat gizi agar
pemulihan tubuh ibu berlangsung cepat dan
produksi ASI melimpah. Menganjurkan ibu
untuk minum minimal 3 liter per hari agar
kebutuhan cairan ibu tercukupi. Ibu mengerti
dan berusaha mengukuti anjuran yang
diberikan.

Menganjurkan ibu untuk menyusui anaknya
secara on demand atau tidak terjadwal. Ibu
bersedia menyusui bayinya sesering mungkin.
Memberi KIE ibu untuk istirahat yang cukup
agar produksi ASI lancar. Ibu mengerti dengan
penjelasan.

Menganjurkan suami ibu untuk ikut serta
dalam mengasuh dan merawat anak secara
bergantian agar ibu tidak kelelahan. Suami
bersedia dan sanggup untuk membantu
merawat bayi ketika tidak sedang bekerja.
Memberi  motivasi kepada ibu untuk
memberikan ASI ekslusif selama 6 bulan
kepada bayinya. Ibu bersedia untuk menyusui
anaknya secara ekslusif selama 6 bulan.
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KF 1V
Rabu,
22/03/2023,
09.00 WIB

Ibu  mengatakan
saat ini tidak ada
keluhan dan hanya
memberikan  ASI
saja untuk bayinya.

KU baik
Kesadaran
mentis
TD 120/80 mmHg

N 86 kali/menit

R 22 kali/menit

S 36,2°C

BB 66 kg

Wajah tidak pucat,
tidak ada edema
Payudara  simetris,
putting menonjol dan
tidak lecet, ASI+
Abdomen TFU tidak
teraba

Vulva bersih, bekas
jahitan sudah tidak
terlihat, lochea alba,

compos

tidak ada tanda
infeksi
Ekstremitas tidak ada
tromboemboli

Ny.A usia 32 tahun
P3AboAhs
postpartum minggu
ke 6 normal

. Memberitahu ibu

. Memotivasi ibu untuk selalu memberikan ASI

ekslusif pada bayinya. Ibu setuju untuk ASI
eksklusif.

. Mengingatkan efek samping penggunaan KB

IUD. Ibu mengerti yang disampaikan.
untuk menjaga pola
personal hygiene, dengan membersihkan alat
kelamin saat mandi, setelah BAK, dan BAB,
menggunakan celana yang dapat menyerap
keringat. Ibu bersedia melakukannya

. Menganjurkan ibu untuk melakukan senam

nifas agar ibu segera pulih. Ibu bersedia
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ASUHAN KEBIDANAN PADA AKSEPTOR KB
NY.W UMUR 32 TAHUN PsAboAhs AKSEPTOR KB IUD
DI WILAYAH PUSKESMAS

MRS TGL/JAM : 31-03-2023/ jam 10.00 WIB
Ibu mengatakan merasa benang 1UD keluar saat haid
1. KU : Baik, kesadaran compos mentis
2. Tanda vital
a. Tekanan Darah : 120/80 mmHg
b. Nadi : 86 kali/menit
c. Respirasi : 22 kali/menit
d. Suhu : 36,2°C
3. BB : 66 kg
4. Kepala dan Leher
a. Wajah : Tidak pucat, tidak ada edema
b. Mata : Konjungtivas merah muda, sklera putih
c. Mulut : Bibir lembab, tidak sariawan
5. Abdomen : Tidak ada bekas luka jahitan, tidak teraba massa, tidak ada
nyeri tekan
6. Ekstremitas : Simetris, tidak ada varices, tidak ada edema
7. Genetalia Luar : Bersih, tidak ada tanda infeksi, tidak ada perdarahan
8. Anus : Tidak ada hemoroid

Ny.W umur 32 tahun PzAboAhs akseptor KB IUD

Memberitahu ibu hasil pemeriksaan umum kepada ibu bahwa ibu dalam keadaan baik.
Ibu mengerti hasil pemeriksaan yang disampaikan

Menjelaskan mengenai keluhan dan efek samping penggunaan KB IUD. lIbu mengerti
yang dijelaskan

Memberikan dukungan atau support agar ibu tidak khawatir atau takut. lbu terlihat lebih
tenang.

Menganjurkan kepada ibu untuk control IUD ke PMB atau Puskesmas jika keluhan
masih dirasakan dan mengganggu. Ibu bersedia

Mendokumentasikan asuhan yang telah diberikan. Dokumentasi telah selesai dilakukan.

160




Lampiran 2. Daftar Hadir Pasien
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Lampiran 3. Informed Consent

INFORMED CONSENT (SURAT PERSETUJUAN)

Yang bertanda tangan di bawah ini:

Widy a OK*O‘V‘.““‘

Nama
Tempat/Tanggal Lahir : Yx, 2-\0- \0)90-
Alamat - GndeX |, wuwirsan

Bersama ini menyatakan kesediaan sebagai subjek dalam praktik Continuity of

Care (COC) pada mahasiswa Prodi Pendidikan Profesi Bidan T.A. 2020/2021.

Saya telah menerima penjelasan sebagai berikut:

Setiap tindakan yang dipilih bertujuan untuk memberikan asuhan
kebidanan dalam rangka meningkatkan dan mempertahankan kesehatan
fisik, mental ibu dan bayi. Namun demikian, setiap tindakan mempunyai
risiko, baik yang telah diduga maupun yang tidak diduga sebelumnya.
Pemberi asuhan telah menjelaskan bahwa ia akan berusaha sebaik
mungkin untuk melakukan asuhan kebidanan dan menghindarkan
kemungkinan terjadinya risiko agar diperoleh hasil yang optimal.

Semua penjelasan tersebut di atas sudah saya pahami dan dijelaskan
dengan kalimat yang jelas, sehingga saya mengerti arti asuhan dan
tindakan yang diberikan kepada saya. Dengan demikian terdapat
kesepahaman antara pasien dan pemberi asuhan untuk mencegah

timbulnya masalah hukum di kemudian hari.

Demikian surat persetujuan ini saya buat tanpa paksaan dari pihak manapun dan

agar dipergunakan sebagaimana mestinya.

Yogyakarta, .......cccceeeiennenineiieienn,
Mahasiswa Klien
Waryy Qhana & Widya, Okkaviani
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Lampiran 4. Surat Keterangan telah Menyelesaikan COC

SURAT KETERANGAN
Yang bertanda tangan di bawabh ini:

Nama Pembimbing Klinik  : (uwacgah , $.6T. web. S Pl
Instansi : Puskesmas/PNB ..4,!.'?.?.09.”'; !

Dengan ini menerangkan bahwa:

Picna Rahmaweah

Nama Mahasiswa : Wahyu

NIM - P071r4S22023

Prodi : Pendidikan Profesi Bidan

Jurusan : Kebidanan Poltekkes Kemenkes Yogyakarta

Telah selesai melakukan asuhan kebidanan berkesinambungan dalam rangka
praktik kebidanan holistik Continuity of Care (COC)

Asuhan dilaksanakan pada tanggal i N sampai dengan . /3.3
Judulasuhans 2200 R AN R

Usia 32 4ahun b3 frAbg Aha  Dengan |
Gen Plasenta Al Puskces™maS  lmogirt [

Demikian surat keterangan ini dibuat dengan sesungguhnya untuk dipergunakan

sebagaimana mestinya.

Yogyakarta, ......owumssmmns
A E}Ea}'?@?;pb@bing Klinik)
/2 / o
i 4//l' ) /‘/‘
\ \ Y L -

«

/i
ST e, § b
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Lampiran 5. Dokumentasi Kegiatan
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Lampiran 6. Jurnal Referensi

HYPERTEMIION IN PREGNANCY
P s ko, o1 00 06ROV D 064 155, 200, 154351

Tj;.rk:ur & Francis

MW Check lor sy

Magnesium intoxication in women with preeclampsia with severe features

treated with magnesium sulfate

Muhammad [lham Aldika Akbar @25, Daniel Yoseph®, Aditiawarman -*®, Muhammad Adranes Bachnas &7,
Erry Gumilar Dachlan®®®, Gustaaf Albert Dekker*, and Ernawati &5

“Dsp rtrrvent Obstetrics and Gynecalogy, Faculty of Medicine, Universites Aidangga, Swabaya, Indonesis "Departmient Obstetda and
Gyneambogy, DR Soetomo General Acdemic Hospital, Surabaya, Indonesia; “Department Obstetrics and Gynecology, Univesitas Aidangga
Haospital, Surabaya, Indonesiz; ‘Department Obstetrics and Gynecology, Dr Moewardi General Hospital, Faculty of Medicine Universitas
Sebeles Maret, Solo, Indonesia; The partment Obstetrics and Gynecology, Lyeli-McEwin Hospital, The University of Adelaide, Adelaide,

Australia

ABSTRALT

Objective: To evaluate the maternal-neonatal outcome in magnesium (Mg Hntoxicated women
sia with severe features (FESF) treated with magnesium sulfate (Mg50y].
Methods: A total of 19 Mg intoxicated PESF women (cases) were companed with 166 PESF

with preeclamp

women withouwt signs of intoxication {oon trals).

Results: Mg serum levels of cases was higher compared to control group {1236 + 3.54 mg/dl
versus 259 + 083 mg/dil. 3 women died and 3 had major maternal morbidity in cases. group
compared with zero in the contral group (P = 0U009). Mg intoxication was also skgnificantly
associated with perinatal deaths and low Apgar scores at 1 and 5 minutes.
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preechmpia with severe
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Conclusion: Mg intoxication is assodated with a increased risk of maternal and peri natal maor tality

and morbidity.

Introduction

Preeclampsia (PE) is a life-threatening syndmome in preg-
nancy characterized by the new onset of hypertension after
20 weeks of gestational age and accompanied by protei-
nuria or other signs oforgan involvement (1), PE isone of
the main problems in pregnancy, cuusing maternal mor-
tality and morhidity in low and middle-income countries
(Duley et al, 1992), About 50,000-63,000 women die
each wear of PEleclhimpsia, Indonesia, the fourth most
populous country in the world with a population of
267 million, isa middle-income country with PE incidence
of 5-7%. The maternal (2.2%) and perinatal mortality rate
[12%) of PE are still high (2). A large segment of the
Indonedan population still Faces poverty, has lack of access
to health care, and often receives inadequate treatment in
primary health-care centers, The wrong financial incen-
tives under the current Indonesian universal health cover-
age sysem are partially to blame for too kate referrals (31,
Magnesium sulfate (Mg50y) is recommended unan-
imaously by all major guidelines as a first-choice agent
to prevent eclamptic seizures and is used worldwide
(4). The Magpie trial, the large international
randomized  controlled  trial  (RCTY

multicenter

reported that the use of MgS0, reduces the risk of
eclampsia about 58% in women with PE compared
with PE women receiving placebo (5). Mghs0, as an
anticonvulsant agent works through multiple mechan-
isms: inhibits seizure excitability in the cerebral cortex,
inhibits the MN-methyl-D-aspartate receptor in the hip-
pocampus, and calcium metabolism in the newromus-
cular  junction, MgS0, also works as a potent
vasodilator, especially in the cerebral vasculature,
potentially reducing brain ischemia-hypoxia in pree-
clamptic women (6). Although Mg50, has been proven
to be effective in preventing eclampsia, its use still
contains a small but definitive risk of magnesiom intog-
ication or hypermagnesemia (7-9).

Mg intoxication is clinically evident when serum Mg
levels exceed 12 mgldL (hypermagnesemia), which
almost exclusively occurs in PE women with marked
renal invalvement or in women receiving  higher
Mgs0y infusion rates (10). The main symptoms of
Mg intoxication are the result of its general CNS
depressant effects, peripheral depression affecting mus-
cle contractility, and central nenromuscular transmis-
blackade.  Clinical  manifestation  of Mg
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intoxication seldom occurs until magnesiom  levels
reach a total dosage beyond 12 mgldl in maternal
blood, Clinical manilestations of Mg intoxication
include general weakness, double vision, low blood
pressure, doss of conscious and respiratory distress,
The lethal manifestation, cardiac arvest, may happen it
Mg concentration rises above 30 mgdL (8,11,12).

Hypertension in pregnancy, especially PESF is in the
top three diagnosis of the sickest high-risk obstetrics
cases in D, Soetomo General Academic Hospital, the
main tertiary referral hospital in Surabaya, Indonesia
(13,14). Intravenous MgSO, is administrated routiney
in PESF without measurements of Mg levels unless
there are clinical indications [suspicion Mg intoxica-
tion) due to lack of adequate hospital funding under
the Indonesian national insurance system.

In this study, we evaluated the inddence of Mg
intoxication in women with PESF receiving MgS0,
and investigated its association with adverse mater nal
and perinatal oulcomes,

Material and methods

This study was conducted in Dr. Soetomo Hospital, the
major tertiary referral center in East-Java, Indonesia,
from January 2014 - December 2018 all women with
PESF receiving Mg with clinical signs and symptoms of
Mg intoxication and confirmed hypermagnesemia
[cases n = 19) were compared to 166 PESF patients (8
controls per case) also treated with Mg but without
signs of My intoxication {control group). The historical
contral  group was recruited randomly with 33-34
patients each yvear to achieve a halanced distribution
[2004-201R). Since Mg levels are not routinely checked
in our hospital in PESF patients receiving MgS0,, Mg
levels in this study were anly measured in women with
signs or symptoms of Mg intoxication. In the control
group, 24 random women out the 166 also had a Mg
level measured. Mg level was measured using the
Calmagite Colorimetric method (Hardness reagen set).

PE was defined using ISSHF dassification: hyperten-
sion developing after 20 weeks pestation and the exis-
tence of one or more of the following proteinuria,
other maternal argan dysfunction (renal insufficiency,
liver involvement, neurological complications, hemato-
logical complications), and uteroplacental dysfunction.
HELLF syndrome was defined as a combination of
hemaolysis (lactic dehydrogenase =>1000 U/SL, schisto-
cytes in blood smear), elevated liver enzymes, and
thrombocytopenia (platelet count < 100000 wl) in
PE women, PESF was defined as PE with any of the
following findings: systolic hlood pressure = 160 mm Hg
ot diastolic blood pressure = 110 mmHg on two
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occasions at least 4 hours apart, thrombocytopenia,
elevated liver enzymes (AST » 45 /L, ALT > 35 w/L),
progressive renal insufficiency (BUN = 20 mgfdL,
serum kreatinin = 1.1 mg/dL), pulmonary edema, and
cerebral or wisual disturhances, Pulmonary edema was
defined based on symptoms of shortness of breaths
difficulty breathing, physical examination, and con-
firmed with a chest X-ray (15). Hypertensive crisis
was defined as systolic blood pressure more than
180 mmHg and/or diastolic blood pressure more than
120 mmHg (1.4.16,17).

Every patients with PESF in our hospital received
Mgsy, using the Zuspan regimen consisting ol
aloading dose 4 g in 20 ml (20% solution ) administered
iv over 15-20 minutes, followed by a maintenance dose
af | g'hour iv infusion using syringe pump from
admission until 12 hours or 24 hours after delivery in
case of eclampsia (18). In preterm PESF women man-
aged conservatively, Mp50y is administered the first
4 hours following  admission. In these women,
Mps0y is discontinued during their observation period
and started again at the time of delivery, On the ather
hand, the regimen mostly used in primary health-care
centers consists of a maodified Pritchard scheme; load-
ing dose of 4 gram 20% iv MgS0, in 10-15 minutes
and 10 gram IM (5 gram in each buttock), followed by
maintenance dose 5 gram 1M MgS0y in alternate but-
tock for every & hours (19).

Cases of My intoxication were identified as women
who received MgSO0, reatment and had documented
dlinical signs of magnesium intoxication in addition to
serum magnesium levels =12 mg/dL, Clinical signs and
symptoms  included muscles weakness, loss of deep
tendon reflexes, respiratory paralysis, BECG changes
(prolonged PR interval and widened QRS complex),
A or AV node hlock, loss of consciousness or cardiac
arrest

The primary outcomes of the study were maternal
and perinatal outcomes among the 19 cases compared
with the 166 contrals, The maternal parameters evalu-
ated included maternal age, body mass index [BMI),
parity, refereal origin,€ antenatal history, PE type.
Maternal outcomes included mode of delivery, gesta-
tional age at delivery, laboratory results, maternal com-
plications, and maternal death. FE complications
included any of the following: eclampsia, HELLP syn-
drome, pulmonary edema, hypertensive crisis, acute
kidney injury, The definition of maternal death in this
study was any death during the treatment in hospital,
and not necessarily a direct effect of Mg intoxication,
Perinatal outeomes induoded fetal sex, birth weight,
Apgar scores (minutes 1 & 5), 5GA (<10th population
birth weight centile], and perinatal death.



The results were analyzed using chi-square test, inde-
pendent t-test, Mann Whitney test, and Fisher exact test
where appropriate. Statistical measuremenl was per-
formed using IBM SPSS Statistics for Windows, Version
250, Armonk, NY; IBM Corp, Released 2017,

Results
Incidence of Mg intoxication in women with PESF

The incidence of PESF during the period 2014-2018
was 1743 cases out of a total of 6823 total deliveries
[25.54% ); Mg intoxication was diagnosed in 19 patients
(1098 ) The annual incidence of Mg intoxicalion over
this S-year period varied between 0.6% and 1.5%.

Maternal characteristics

The overall characteristics between the two groups were
quite similar {Tahle 1) except the origin of the cases. All
Mg intoxicated cases were relerred rom other hospitals
or primary health-care centers compared with 80.2% in
the control group: 198% women in the contral group
had regular antenatal care in our hospital (hooked
case], Twelve (63.2%) cases with Mg intoxication were
referred from distant rural areas. There was no signifi-
cant difference in maternal age, BMI, parity, and PE
type between both groups,

Maternal outcom es

The dinical manifestations of Mg intoxication were var-
ied: 42.1% of women demonstrated muscle wealkness
(loss of patellar reflex), 10.5% respiratory depression,
and 42, 1% loss of conscionsness, The maternal outcomes
of cases versus controls are presented in Table 2 The
maode of delivery between both groups was not different,
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most patients in both groups were delivered by cesarean
seckion,

The rate of maternal mortality and severe morbid-
ities was higher among cases compared with the con-
trols; 14 out of the 19 cases (73%) had a major
complication, including 3 maternal deaths compared
with 30.7% major complication rate in the control
group (OR 285 95% CI 2.12-3.82). Eclampsia and
HELLP syndrome were the main complications found
in the case group. Interestingly we found no pulmonary
edema among the cases compared with 13 (7.8%]) in the
control group.

Impartantly, the three maternal deaths were not
directly cansed by the acmal Mg intoxication but
were related to other complications such as septic
shock, thyroid crisis, and intracerebral hemorrhage.
Laboratory manifestations reflecting disease severity
were significantly worse in the case group (protein
urine, LIVH, ALT, AST, BUN, 5K, and Albumin].

A subgroup analysis was performed in PESF control
women who had their serum Mg levels measured
[Table 31, The Mg level among the cases was markedby
elevated compared with contrals (12,36 + 3,45 versus
269 + 083 mg/dl; p < 0.001). The minimum and
maximum level of both groups were as follows: cases
(B9-25.6 mg/dL) versus controls (1.5-4.3 mg/dL). In
addition, we found a significant difference in the total
My dose, length, and method of Mg administration
between the groups, A significantly higher proportion
of cases received =24 g of Mg, and had Mg adminis-
tered for =24 hours, and had Mg administered by
intramuscular injection, As high as 21.1% of cases had
aliguria

Perinatal outcomes

Maternal Mg intoxication had a significant assodation
with worse perinatal outcomes: lower 1 and 5 minute

Table 1. Maternal characteristics of PESF patients treated with Mg with {cases) and without Mg intoxica-

Tion oo ntrok).
i, Conmi ORr
n=19 no= 165 P wakie 5% )
Matemal fige HEEL 4+ A1 o+ aTea 0415 it
BMl 10 9ETS + B Aod OG5SR + TR0 0971 LT
Parity
Pamipam 4 {11.7%) 51831150 0349 L
Multipam 15 (FasHs) 115 (689%)
Rederrad origin
Couniry 12 63.3%) AL (F5.5%) agon* S0z
The City T 368%) 134 (T4.5%) (1851154
Booked Case
Ha 19 (1007 134 (B0 Qoos® p
Yes o] 37 19.8%) LET-1850T)
FE ype
Early onset PE 14 (TLE%) 104 T TH) 0114 i
Late ormset PE 5 da4m) &2 (37.3%)
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Table 2. Maternal outconnes of cases varsus controlks.

Cases Contals QaF
n= 19 n= 164 i walue s O
G a1 deliery 142 4 151 118+ 333 a4 A
Mode of delivery
[ 4.9 11 (57.9%) 110 {66 39%) 0471 B
Vaginal delicery B %) 561 11T
Corn il ation
Yes 14 (T1.7%) 514301 Qo00" I8
L] 5 (b6.3%) 15 {6935 (L12-58T)
Ciom plic ticn type 14 L3 o113 B
Echimpria & 1) 9 17.6%)
HELLF Symdmme I (2.4%) 11 {21.654)
Pulmonary edema 1] 13 {25.5%)
GR 1715 4| T.8%)
WD 3 {.5%) 1 (1%
Mulagle complicaton 1] FNTEHE
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Apgar scores, lower birth weights, and a higher SGA
and perinatal death rate (Table 4). The perinatal death
rate in the case group was 36.8% compared with 6.6%
in the contral group.

Discussion

The results of this study confirm that while the inc-
dence of Mg intogication in women with PESF treated
with Mg50y is quite low (1,09%), Mg intoxication is
associated with significantly increased adverse maternal
and perinatal outecomes. The incidence of Mg intoxica-
tion ina large systematic review involving 9556 women,
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was L3-1.6% (8). Duley et al, in another large meta-
analy tic study, also found that Mg intoxicaton was rare
and only occurred in around 1% of women receiving
MgS0y (200, Importantly, Mg intoxication was not seen
in patients receiving the “Magpie protocol” [5).

Three maternal deaths occurred among the 19 Mg
intoxicated women, but the cause of maternal death
was not directly related to the Mg level. The canse of
death in these three cases was: septic shock, thyroid
crisis, and intracerebral hemorrhage. Serum Mg level
in these three cases had normalized a couple of days
before they died. Lowe et al. reported ro maternal
death in their large systematic review, while Duley
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Table 4. Perinatal outcomes of cases versus controls.

Caes Controls o]
n= 13 no= 1éé o walue e CI)
Babry e
M 13 (8 4%) T3 (50 1%) aim A
Femals & (115%) TE 49,75
Baky Birtbraceight 1E16ET + 565015 1ETEIR + SAT A0 el A
hpgar Score
Minutes 1 LTS5+ L9 257 + LI50 Qo0 A
Minutes 5 548 4+ 1FEE T34+ 1573 ale i iy A
e G (31.6%] 14 (EA%) ooz T4
Ha 13 (GE4%) 152 {91.6%) (L E-11.18)
Penatal Death
e T {368 11 fhEs Qoo 556
] 13 (633%) 155 (93.4%) (2 ra-5.ad)

et al. found two trials reported maternal deaths (8 20).
The highest serum Mg level found among the cses in
the current study was 256 mg/dL, this level is not
considered to be high enough to directly cause mater-
nal death. With serum levels of 20-34 mgidL, Mg
intoxication will be manifest as hypoventilation,
acidosis, loss of tendon reflexes, and general weak-
ness, Severe and life-threatening complications like
respiratory depression and cardiac arrest will occur
with the serum levels of 48-72 mg/dL (8). The clinical
signs and symptoms in these Mg intoxication cases
were general muscle wealness (loss of patellar reflex),
loss of consciousness, and respiratory distress. The
overall incidence of loss of patellar reflexes, loss of
conscousness, and respiratory depression among all
1743 patients receiving MpS0, treatment was, respec
tively, D4% ([ cases), 0.5% (9 cases), and 0.1% (2
cases). The side effects caused by MgS0, treatment
found in this study were significantly lower compared
with the large systematic review by Lowe et al, (&),
This review is comparable to our study since the
research =sample was only taken from middle- and
low-income countries. The overall incidence of loss
of patellar reflexes and respiratory distress in this
systematic  review  was  L2Z% and 1.3% (8]
Unfortunately, this review did not evaluate the clin-
ical sign of loss of consdousness, Perhaps this sign is
not commaonly interpreted as one of the major man-
ifestations of Mg intoxication, The possible explana-
tion of the much higher incidence of side effects
reported in Lowe et al. (8) review compared with
our study may be related to the regimen choices,
Only eight studies used the Zuspan regimen (which
is the same regimen used in our hospital) (18], while
the other studies used the Pritchard (19) or the Dhaka
regimens (21) with a relatively higher total dose of
Mes0,, Administration of MgSO, longer  than
X4 hours and a total dose of more than 24
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grams would be potentially hazrdous for the mater-
nal outcome, as seen in the current study,

Interestingly, intramuscular  administration  of
MgS0y was associated with a doubling of the rate of
Mg intoxication; 52.6% of patients in the case group
received Mgh0y, intramuscular versus 21.8% in the
control group (p = 0.004). Similar findings have been
reported by Banti et al. (21); these anthors reported
a higher rate of signs and symptoms indicative of Mg
intoxication and local site complications o be asso-
cated with intramuscular Mg administration, The
Magpie trial also showed that intravenous administra-
tion had fewer side effects compared with the intra-
muscular route (5,

In the current study, the majority of the cases
received intramuscular MpS0y, since most of these
patients were referred from primary health centers or
primary health care or rural areas, This is in line with
the regional referral guidelines on the management of
PESF. Our regional policy for community-hased care
[primary healih care] is to give a loading dose following
the Pritchard regimen as initial management of PESF,
before transterring the patients to a tertiary center. This
approach has been implemented in many low- and
middle-income countries such as Bangladesh, and
India (22). The majority of smaller Indonesian medical
centers preler Pritchard IM administration regimen
because of ease of administration, non-availability of
infusion set/syringe pump, lack of nursing staff, and the
fact that intramuscular administeation is more cost-
effective compared with iv regimen (23). Encouraging
the government to provide syringe-pump availability
throughout the nation could potentially improve out-
comes in Indonesian women with PESF,

In our tertiary referral center, M5S0y is given via an
intravenous route (syringe pump infusion) following
the Zuspan regimen (18,22, Maintaining the therapeu-
tic level of Mg while monitoring for sign of Mg
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intoxication is important. Simple clinical assessment is
adequate in most PESF women treated with MgsOy,
and more suitable in Jow- and middle-income countries
[5,12,22), as isalso demonstrated by the low overall rate
of just over 1% in the current series,

The incidence of eclampsia and HELLP syndrome
was significantly higher in the case group, while unex-
pectedly acute pulmonary edema, a common PE com-
plication in Indonesia (15) was not seen amaong the
19 Mg intoxication cases, The presence of these com-
plications may represent a significant risk factor of Mg
intoxication due to the clinical necessity for a more
prolonged MgSO, administration. Among the cases,
mare women received MgSOy for maore than 5 days
compared with the controls, although the average
length of hospital stay between both groups did not
differ significantly (cases versus controls: 10021 + £.43
versus 1129 + 1520, p = 0783) The study results
appear to indicate that giving Mg50, for more than
14 hours is not advisable unless Mg levels can be
checked at regular intervals,

Another significant risk factor that could be contri-
buting to the occurrence of Mg intoxication is oliguria
and renal insufficiency, In this series, Mg-intoxicated
patients had a worse renal function, reflected by higher
BUN and serum creatinine level, Almost all of the
serum magnesium is deared by renal excretion, so
any problems of urine production will significantly
increase the risk of magnesium intoxication (6,

All patients in the My intoxicated group received
calcium gluconate therapy as immediate management
in line with our national protocol, This routine inter-
vention is not found in the large systematic review by
Lowe et al. The use of calcium gluconate in their review
was extremely rare (0L1E%). There is no clear explana-
tion of this finding. However, Lowe et al. assumed that
the low use of calcium gluconate reflects an infrequent
need [or i use as an antidote, rather than the unavail-
ability of the drugs in the hospital (824,

The case had a higher rate of perinatal death, 5GA,
and low Apgar scores, Seven perinatal deaths (4 fetal
demise] (36.8%) occurred in Mg-intoxicated group
compared with 11 deaths (6.6%) in the contral group.
The higher rate of SGA in the case group reflects
disease severity. About one-thind of the cases were
delivered of neonates who developed respiratory dis-
tress syndrome (RDS), signilicantly different from the
A% in the control group, Low Apgar scores were also
mare prominent amaong cases, in line with the strong
correlation between maternal and fetal Mg levels result-
ing in respiratory muscle suppression and general mus-
cle weakness, Previously, the use of antenatal Mgy
was discouraged by the majority of neonatologists
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because of a perceived risk of neonatal respiratory
depression (25). However, recent studies with a large
number of subjects have shown that particular concerns
regarding the use of antenatal Mg&0, for adverse neo-
natal implications were only encountered after long
duration of Mg administration (26). We also discourage
the prolonged use of antenatal MgS0, in PESF cases,
not only because of the aforementioned neonatal con-
cern but also because of the association with an
increased risk of maternal and perinatal complications,
The meta-analytic study by Duley et al. did not find any
difference in the risk of stillbirth or neonatal death, but
there was a small increase in the overall risk of perinatal
mortality associated with MgSOy use (RRE Li4) (27].

Conclusion

My intoxication was found in just over 1% of PESF
women treated with MgS0,, as was found to be asso-
clated with a significant risk to the maother and fetus,
While Mg serum levels cannot be measured as a routine
in many developing countries, serial monitoring for the
simple dinical signs and symptoms indicative of Mg
intoxication is effective as a monitoring toal. In these
oountries, Mg serum Jevel monitoring is indicated in
patients requiring longer duration and higher accumu-
lated doses of MgS0,, both carry a high risk of Mg
intoxication,
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preeclampsia in the intention-to-treat paradigm. However,
maternal vitamin D levels 30 ng/mL at trial entry and in late
pregnancy were associated with a lower risk of preeclampsia (601

Discussion

The current review highlights the various management strate-
gies in preeclampsia based in its pathological derangements; and
these strategies are summarized in Table L

Despite all advances, the review demonstrates that pre-
eclampsia is still difficult to ‘defeat’. The clinician should differen-
tiate between methods used to “prevent’ preeclampsia (in high risk
patients) and methods used to ‘treat’ preeclampsia (meant to
prolong the pregnancy in patients with preeclampsia). Table 2
shows these modalities and demonstrates that some of the medi-
cations are suitable for both prevention and treatment.

A) Preventive methods:

A classic example to demonstrate prevention is a patient with a
history of preeclampsia and IUCD in place. The patient decides to
remove the IUCD to conceive. All previous studies attempted to
study the effect of a single method or drug to prevent the disease in
such high risk patients and the results have been modest at best.
The author of the current review recommends a protocol that
combines multiple safe preventive methods in a multi-center trial.

It is well known that the risk of preeclampsia is higher in women
with pte-eushng obesity |61], dyslipidemia (particularly hyper-
triglyceridemia and hypercholesterolemia) [62], poorly controlled
diabetes mellitus |63], obstructive sleep apnea (chronic hypox-
emia) [64]. Hence, weight reduction, correction of the abnormal
lipid profile, strict control of blood sugar and surgical treatment of
sleep apnea should be implemented in high risk patients.

Adding a low molecular weight heparin to aspirin showed a
modest beneficial preventive effect [26]; but it may prove more
effective if combined with other preventive methods.

Recent studies [40.41] showed that w-arginine or isosorbid
mononitrate (both enhance the production endothelial nitric
oxide) will not only lower the incidence of preeclampsia, but
will also improve intrauterine growth and fetal outcome. Hence,

Table 1
3 gies in p npsia based o its pathological derangements.
Pathology Management strategies
1) Oxidative stress Antoxidants [sach as stymann)
2| Formation of micro-emboli Asparin, low molecular weight heparin.
in the smal vascular bed antithrombin infusion
3] Vasoconstriction Vasodilators (sildenafil citrate |
Nitric exide donors | tnnttrate,
sosorbid monomatrate | nitric axide
) ive production of A. Inducti (idtkh)nayy
4) Excessive oo nase
placental sAt-1 and endoglin pathway (statins)
& Inhibwtion of trophoblast
wesicle shedding esomeprazale)
cumﬂmnd!l-l-(M)
D. Removal of circalating sFl
(drmznmlhuptneu]
3) Deficiency g PLCF or VGEF: but the
VEGFTLCF Latter has side effects
0) Systemic mflammat: A) Anti-TNF-2:
response | excessive TNF-2, TNF-2
TLR4 receptors)

8} Anti-TLRA receptors:
Cercumin, Vitamin D
sFR-1 .. Sobuble fms-like tyrosme kinase 1; HIFlx . hypaxic inducile factor-19;
VCEF .. Vascular endothelial factor; PLGF .. Placental growth Gctor;
TNF-7 . Tamer necross Dctoe-a; TLR4 .. Toll-Ske receptor 4.

35 (2017) 393 338

Preventive methods
Wesght loss/correct abnormal lipid
profile/strict control of blood

Treatment methods
Strct control of blood sugar in diabetics.
Hydralazine

mntﬂmn,huny
Aspirin . Aspirn
Statins Esomeprazole
Metformin Hydraxy-chloroquine
Curcumin Curcumn
Vitamin D Recombinant placental growth factor
Dextran sulfate apheresis

enhancement of nitric oxide production should be part of the pre-
ventive protocol.

Even in patients with no pre-existing dyslipidemia, statins
should be induded in the preventive pratocol because of their
known positive effects in inducing the HO pathway and in reducing
the risk of preeclampsia [45].

Furthermore, metformin {as an inhibitor of HIF-12) and curcu-
min (as an anti TLR4 receptor) proved effective and are worth
including in preventive protocols [47,57 .

Finally, the author believes that vitamin D should be included
in the multi-agent preventive protocol as stressed by Mirzakhani
et al. [60. Vitamin D levels should be =30 ng/ml prior to and
MmlmunqlﬁﬂLHmdewmmanmaMr
conception, vitamin D replacement is not effective in preventing
preeclampsia [50].

B) Treatment of established preeclampsia:

Treatment of preeclampsia is more difficult than its prevention.
Our literature review showed that the pathology of an established
lampsia cannot be completely reversed or arrested. Hence,
current ‘treatment’ methods are meant to slow down the patho-
logical process in order to prolong pregnancy. Besides the standard
treatment methods of treating hypertension, aspirin and control of
blood sugar and renal function; a multi-center treatment protocol
is needed to include several new treatment modalities in the same

From the current review, the following medications have proven
safe and effective in prolonging the pregnancy: Sildenafil as a
vasodilator [32], esomeprazole as an inhibétor of vesicle shedding
|46, metformin as an inhibitor of HIF-12 {47}, hydraxy-chloroguine
as an antagonist of TNF-z |54|, and curcumin as an anti-TLR4 re-
ceptors |57], It should be noted that all these medications have
been tried individually in preeclampsia and showed their ability to
prolong the pregnancy for 2 4 days only (enough for the steroid
therapy for fetal lung maturity ). However, the effectiveness of using
multiple medications is unknown and may prove more effective in
pregnancy prolongation.

More invasive treatment methods have also proven effective in
pregnancy prolongation such as recombinant placental growth
factor injections [51] and dextran sulfate apheresis to remove
circulating sFit-1 [48]. Mmmmmn!ﬂwdsnuybem-
cated in early-onset/severe cases. The most impressive period of
pregnancy prolongation in preeclamgsia was a mean of 15 days
with apheresis [43].
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Introduction In normal pregnancy, the cytotrophoblasts of the placenta

Preeclampsia is a disorder of pregnancy characterized by hy-
pertension and proteinuria of 300 mg/day. It is a serious disorder
which may lead to maternal and fetal morbidity and mortality. The
aim of this paper is to review the pathogenesis of preeclampsia and
possible management strategies based on these pathophysiclogical
derangements.

Methods

We carried out a literature review using electronic databases of
PubMed [MEDLINE] and ScienceDirect; accessing published work
on the is of preeclampsia and management from 2000
to 2017. We aimed: to highlight possible management strategies
based on the pathophysiological derangements of preeclampsia.
We used the following search terms: “preeclampsia”, “pathogen-
esis”, and “management”.

Results
Pathogenesis of preeclampsia

A) Placental ischemia and the increased levels of soluble fms-
like tyrosine kinase 1(sFit-1) and soluble endoglin (sEng):
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invade the uterine wall and replace the highly resistant uterine
spiral arteries and arterioles with a low-resistance vascular system.
This remodeling is defective in preeclampsia (probably secondary
to altered immunological response at the fetal matemal inter-
phase) leading to placental ischemia | 1]. This leads to excessive
production of sAt-1 [2]. sFit-1 binds in the blood to both the
vascular endothelial growth factor (VEGF) and the placental growth
factor (PLGF). The status of high sFit-1 and low VEGF/PLGF con-
tributes to the development of hypertension |[23].

Placental ischemia is also known to induce placental secretion of
endoglin; increasing the levels of sEng in the maternal blood. skng
participates in the transforming growth factor Beta pathway. Once
again, the status of high sEng contributes to the development of
hypertension and proteinuria [4].

B) The generalized multi-system vasoconstrictive state, oxida-
tive stress, micro-emboli, and endothelial cell dysfunction:

Endothelial nitric oxide synthase {e-NOS) induces the synthesis
of nitric oxide (NO) which acts to vasodilate the arteriolar bed. In
preeclampsia, there is deficiency of e-NOS leading to vasocon-
striction of the placental bed, the renal vasculature and the vascular
bed of other organs [5].

Placental ischemia in preeclampsia is also assocated with
diminished expression of the anti-axidant heme axygenase-2 (HO-
2) |6]; and this contributes to the increased oxidative stress of
ischemia and the formation of micro-emboli |71

@ sexvices by Elsevies BV. This is an open access article under the CC BY-NC-ND license (hiip:
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The multi-organ ischemia induces the production of hypoxia-
inducible factor 1-alpha (HIF-12); and this contributes to the
abnormal placental function as well as the induction of elevated
levels of sFt-1 [EL

Preeclampsia is also associated with an increased sensitivity to
the vasoconstrictive actions of angiotensin II; and this leads to renal
dysfunction |9 Endothelin 1 released from the placenta is another
potent vasoconstrictor which is increased in preeclampsia | 100
Another reason for the vasoconstrictive state in preeclampsia is the
imbalance between the vasoconstrictive thromboxane A2 and the
wasodilator prostacydin [11.12].

A controversial theory of pathogenesis is the genetic predispo-
sition to preeclampsia secondary to apolipoprotein E (Apo E)
polymorphism | 13,14 Certain Apo E alleles are assodated with

dyslipidemia which may contribute to endothelial cell dysfunction
[ 14]. Furthermore, the Apo E-knockout homozygous mice model] is
a well-known animal model of preeclampsia featuring hyperten-
sion, proteinuna and increased expression of sFle-1 [15)

) The systemic inflammatory response:

Toll-like receptor 4 (TLR4 receptors) are most abundant in the
placenta, leukocytes, and renal podocytes. These receptors are
responsible for the induction of inflaimmatory cytokines. Pre-
eclampsia is associated with over-expression of placental and renal
TLR4 leading to an increase in inflammatory cytokines and
placentalrenal dysfunction |15,16]. Furthermore, very high levels
of TLR4 receptors are asseciated with early onset preeclampsia and
HELF [Hemaolysis, Elevated Liver enzyme, and low Flatelets) syn-
drome of preeclampsia | 17

In cytomegalovirus (CMV }-seropositive mothers, the monocyte
is the major cell type harboring the virus in a latent state. These
misthers are at high risk of CMV reactivation during pregnancy and
this contributes to the over-expression of TLR4 [17].

The risk of eclampsia is higher in mothers with low level of
Vitamin D. Vitamin D deficiency s known to induce pro-
inflammatory cytokines and the ower expression of TLR4 re-
cepiors; participating in the pathogenesis of preeclampsia [ 15,19].

Preeclampsia is not only associated with an increase in pro-
inflammatory cytokines, but is also assodated with a decrease in
anti-inflammatory cytokines |20.11]. The most important pro-
inflammatory cytokines are interferon-y (IFN-y ) tumor necrosis
factor @ (TMF-2), and the pro-inflammatory interewkins (IL): 1IL-1,
-2, -6, -8, -135, -16, and -18 | 22]. In fact, preeclamptic patients may
have a genetic polymorphism of TNF-2 and IL-1 resulting in
increased levels of these cytokines [23]. Furthermore, acute phase
reactants (such as the C-reactive protein) are higher in pre-
eclampsia compared to normal pregnancy [20]. Finally, pre-
eclampsia is associated with hi lewels of serum heat shock
protein 70 (Hsp 70) and the degree of elevation of Hsp 70 comrelates
with the degree of elevation of arculating pro-inflammatory cy-
tokines in preedampsia [24). The end result is a state of systemic
inflammatory response reaction leading to edema and extravasa-
tion; compounding the insults to the placental, renal, and other
organ vascular beds.

D) Structural changes of the glycocalyx and hyaluronic acid
leading to feto-maternal interface dysfunction:

Glycocalyx is expressed in the feto-maternal interface and
mediate interactions between fetal and maternal cells. Placentas of
wiomen with preedamppsia show alterations of glycocalyx compo-
sition coating the endothelium and is thought to play an impartant
rode in the pathogenesis of intra-uterine growth retardation [150
The reason for these alterations in composition of glyoocahyx s
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unknown but they may be related to the systemic inflammatory
response of preeclampsia [ 26).

Hyaluronic acd (HA) is a main component of the extracellular
matrix. Mormally, high molecular weight HA is predominant. In
preeclampsia, there is predominance of low molecular weight HA
This alteration is also thought to participate in placental endothelial
cell dysfunction of preeclampsia [16]

Syndecan-1 (5dcl, also known as CDI3E8) 5 a component
of glycocalyx [27]. Im preedampsia, both the soluble and
placental sdcl are significantly lower when compared to controls
127}

Heparan sulfate is also a component of the glyoocalyx; and it is
interesting to note that the 3-0 sulfating enzyme of heparan sulfate
s decreased in the placenta of preeclamptic women | 28],

Management of preeclompsia in the current practice

Although preeclampsia is defined as hypertension with pro-
teinuria, clinicians are aware that preeclampsia is a systemic dis-
ease. The blood flow to every maternal organ is reduced with
vaspconstriction and microthrombi formation ending in multi-
organ dysfunction. Simultaneously, fetal complications and
growth retardation occur secondary to placental hypo-perfusion.
The current management strategies of preeclampsia is based on
the diagnosis of the disease, the assessment of its sevenity, anti-
hypertensive therapy. and finally deciding on the timing of de-
livery. Intrapartum treatment includes seizure prophylaxis (usually
by magnesium sulfate), controd of blood pressure [usually by hy-
dralazine] and appropriate intravenous fluid management |29,30].
In oither words, preeclampsia has defeated clinicians; forcing them
o deliver these mothers to abort further fetal and maternal
complications.

MNew management strategies in the current review are directed
to reverse or arrest the pathological processes of preeclampsia or to
prevent its occurrence in high risk patients; and hence defeating
the disease.

Management strotegies based on the potholomcal derangements in
preeclompsia

Patients at high risk for preeclampsia should attend high-risk
antenatal clinics and are usually given daily aspirin |31 Howev-
er, there 5 no clear evidence that these measures are effective in
the prevention of preeclampsia. Dietary measures [such as choco-
late and fish oil ) have also been tired and proved ineffective in the
prevention of the disease [32,33].

A Management directed against the oxidative stress

Creidative factors are involved in the pathogenesis of pre-
eclampsia and the thrombocytopenia [34] In 3 double-blind clin-
ical trial, silymarin (a drug which has an antioxidant effect) did not
hawe a positive effect in improwing the abnormal parameters in
patients with preeclampsia [14].

B. Management directed against the formation of micro-emboli

Several studies studied the effect of adding bow-molecular-
weight heparins to aspinn on the prevention of preeclampsia and
demaonstrated no positive effect [31.35] However, a recent sys-
tematic review and meta-analysis found a modest beneficial effect
and recommended further studies on the topic [36].

In patients with severe preeclampsia, antithrombin infusions
may have a potential maternal benefit, but a recent trial did not
support its use in patients with early/severe preeclampsia [37]
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C Management directed against the vasoconstrictive state in
preeclampsia

Vasodilators have been tried clinically both to prolong preg-
nancy in women with preeclampsia and to prevent preedlampsia in
patients with high risk factors for preeclampsia Trapani et al. |33
conducted a randomized controlled trial to evaluate therapy with
the vasodilator sildenafil citrate in preeclamptic women Compared
to conirols (recefving a placebo), therapy with sildenafil was
associated with pregnancy prolongation of 4 days.

The vasoconstrictive state of preeclampsia is associated with
defickency of endothelial nitric axide with is a vasodilator to the
artersolar system: [ 39] Hence, the use of nitric oxide donors (such as
ghycerol trinitrate and iscsorbid mononitrate) or nitric axide pre-
cursors (such as c-arginine) is thought to be an attractive option for
preventing preedampsia in high risk patients. The Cochrane data-
base systematic rewview of 2007 [12] could not find good quality
trials to draw reliable conclusions on the effectiveness of nitric
oxide donors|precursors to prevent preeclampsia. However, more
recent studies dearly demonstrated that both nitric oxide donors
[sosorbed mononitrate) and precursors [ -arginine) are effective in
the prevention of preeclampsia |40,41]. Not only there was signif-
icantly lower incidence of preeclampsia in the treatment groups,
but there was also a significant reduction in intrauterine growth
restriction and neonatal admissions to the intensive care unit
[4041)

D Management directed against the excessive production of sFlt-1
and sEng:

As mentioned earlier in the pathogenesis, the increased lewels of
sFlt-1 and sEng are the most prominent feature of preeclampsia.
sFlt-1 is normally produced in the symoytiotrophoblast extracellular
wesicles and is then released into the maternal blood. This process is
greatly accelerated in preeclampsia [42) Hence, the redwdion of
sFlt-1/sEng is an attractive method for the prevention and treat-
ment of preeclampsia. This area has been extensively studied in the
literature. In experimental preeclampsia mice models, the drug
GY¥4137 was effective in decreasing circulating sF1t-1 and sEng [43].

The author of the current review has classified methods used
chinically to reduce the level of sHt-1/sEng into four categories:
Induction of the heme-oxygenase (HO) pathway, inhibition of
syncytiotrophoblast extracellular vesicle shedding and secretion of
sFlt-1/sEng, inhibition of hypoxic inducible factor 1o (HIF-12) and
remaval of circulating sFit-1 by dextran sulfate apheresis.

The HD pathway is known to inhibit sFit-1/sEng [44). Statins
[drugs commonly used to lower cholesteral levels) induce the HO
and hence suppress sFt-1 and sEng [44]. In a recent review of the
literature, Marrs and Costantine |45 stated that there is enough
encouraging data from preclinical and pilot dinical studies o
recommend statins (such as pravastatin] in clinical practice of
preeclampsia and recommended the conduction of random-
ized controlled trials.

sFlt-1 is secreted into the maternal circulation from shedding of
the syncytiotrophoblast extracel lular vesicles. Recombinant human
gelsolin supplementation has been shown o inhibit this shedding
process; and hence reducing the levels of sAi-1 |42 Another drug
[esomeprazole ) was found to be a potent inhibitor of the secretion
of both sFit-1 and sEng from the placenta. Cluwer et al. [45]
announced the start of the PIE trial which is a double blind, ran-
domized placebo-controlled tnal to evaluate the efficacy of eso-
meprazole to treat early onset mpsid

sFlt-1 is excessively produced from the placenta secondary o
hypaxia. There is sufficient evidence that HIF-1x (which is induced
by hypoxia) is a main factor leading to the excessive production of
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sFt-1 [47]. Hence, small mokecule inhibitors of HIF-12 are known o
reduce sFlt-1. However, the safety of these small molecules in
pregnancy ks unknowm |47 |. Metformin is safe in pregnancy and is a
potent inhibitor of HIF-12 and has excellent potential to prevent
and treat preeclampsia 471

Finally, removal of arculating sFlt-1 is possible by dextran sul-
fate apheresis. Thadhani et al. |48| conducted an open pilot study to
evaluate the efficacy of dextran sulfate apheresis in 11 women with
early-onset preeclampsia. Compared to controls, treated women
had reduced arculating sFIT-1 and reduced proteinuria. Further-
meare, treated women had prolongation of their pregnancies by an
average of 15 days (range 11 21 days) compared to controls.

E. Management directed to replace the deficency of circulating
VEGF and PLGF.

As mentioned in the pathogenesis, the elevated sFlt-1 binds in
the drrulation to both VEGF and LPGF resulting in endothelial
dysfunction of the placenta and the systemic maternal vasculature.
Several experimental studies in animal models of preeclampsia
have showm the efficacy of intravenous VEGF and PLGF in reducing
the elevated blood pressure and proteinuria [49.50] Clinically, the
use of VEGF causes edema because of its high affinity o VEGF-
receptor 2 [51]. However, PLGF is specific for sFIt-1 and does not
hawe adverse effects on the mother or fetus |51 Hence recombi-
nant human PLGF has a strong therapeutic potential in pre-
eclampsia [51].

F. Management directed against the increased systemic inflam-
matory response in preeclampsia

As mentioned earfier, the increased systemic inflammatory
response plays a major role in the pathogenesis of preeclampsia.
This inflammatory response is manifested by increased levels of
pro-inflammatory cytokines [such as TNF-z), over expression of
TLR4 receptors, elevated heat shock proteins, and the structural
changes of placental glywocalyw (these structural changes are
thought to be induced by the inflammatory response).

THF- antagonists are relatively safe in pregnancy and have po-
tential to treat severe cases of preeclampsia [52]. Aspirin prevents
THF-x induced endothelial dysfunction [53 ] Hydroxy-chloroquine
[an anti-malarial drug) not only reduces the production of TNF-2,
but it also reduces the lewels of endothelin-1 in preeclampsia
experimentally [54]. Hence, the use of hydroxychloroguine as
an adjuvant therapy in preeclampsia requires an investigation in
the clinical setting. Experimentally, the administration of apo-
lipoprotein [a constituent of high density lipids and also acts as an
anti-inflammatory agent) protects against the effects of THF-a in
hiurman in-vitro models of trophoblast invasion in preeclampsia | 55].

Another way to reduce the systemic inflammatory response of
preeclampsia is to suppress or alter the TLR-4 receptor over-
expression. Curcumin is extracted from plants and is commonly
used as a herbal supplement and a food coloring additive. Chemi-
cally, curcumin is a phenol [56] Curcumin is knowm to inhibit the
TLR-4 signaling pathway |57] In a rat preeclampsia model, Gong
et al showed the efficacy of curoumin in reducing placental TLR4
expression, reducing the blood pressure and normalizing the uri-
nary profein levels in treated animals compared to the controls [ 57].

Anather inhibitor of TLR4 is vitamin D [ 19]. Hence, vitamin D
suppbements are assodated with significant reduction of proin-
flammatory cytokines [1252]. High-dose supplementation [up o
35,000 IUjweek) s relatively safe in pregnancy [59]. The trial of
Mirzakhani et al. showed several important findings on the topic
|B0]. High dose vitamin [} supplementation (4400 IUjday) initiated
in weeks 10 18 of pregnancy did not reduce the incidence of
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spontancously deliver within a designated amount of time, variably defined as a period of
1860 mins. It may also be diagnosed if 2 patient experiences significant hemorrhage prior 10
delivery of the pl Normal pl delivery requ deg uterine contractions,
with shearing of the pk and decidua from the ine wall and expulsion of the tissue.
Thus, retained placenta can occur in the setting of significant uterine atony. shnormally
dh plk as with pl accreta spectrum (PAS), or closure of the cervix prior 1o

placental expulsion. Risk factors for retained placenta parallel those for uterine atony and
PAS and include prolonged oxytocin wse. high parity. preterm delivery. history of uterine

surgery, and IVF conceptions, History of a prior ined pl and congenatal
anomalies also appear to be risk factors. Manag, entails | removal of the placenta
with adeq ! as fscal inter ) alomhunubmp«wmclknxw
Complications can include major b d or od portions of placental
tissue, the latter of which can kad to dchyed hemorthage or infection. Prophylactic
ibiotics can be considered with | placenta L though evidence reganding
effectivencss is i i If hemoerhage is d. deployment of a massive transfu-
sion pr l ine ev with and use of intrauterine tamponade, as with an
i ine balk hould be initiated i liately. When a separation plane between the

placenta and wierus s particularly difficult to create, PAS shoukd be comsidered. and
prrpummsbmldbemad:fabcmrhxpmdhmmmy Patients with risk factors
for d pl hould have a kb v ple sent for blood type and antibody

:cxunmgoamﬁmmonlohbo«mddehvtry.mdplwdmuldhenndc for appropriate
mlgcsulndmtlm for hemorrhage if a d pl |

Keywords: d pk I I of the pl postpartum hemorrhag
placenta accreta spectrum

Introduction

Retained placenta after vaginal delivery, which occurs in around 1-3% of deliv-
crics, is a relatively common cause of obstetrical morbidity. This is typically
diagnosed when the placenta fails to spontancously separate during the third stage
of labor when a patient expenences excessive bleeding m absence of placenta
scparation or if there is confirmation of placenta tissue remaining afier the
majority of the placenta delivers spontancously.’” Placentas that fail to sponta-
ncously scparate can be a cause of significant surgical and hemorrhagic
morbidity.** Untreated, retained placenta is considered the second leading causc

Emil dearusi@bwh harvard edu of postpartum hemorrhage (PPH).**
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Although retamed placenta 15 an obstetnical complica-
tion encountered relatively infrequently on the labor and
delvery floor, recognizing patient nsk factors and under-
standing management arc important steps In mitigating
this morbidity.

Pathophysiology

Mormal placentation begins with blastocyst implantation into
the maternal endometrium. In preparation for this implanta-
tion, the endometrium develops the decidua under the mflu-
ence of progesterone and estrogen in carly pregnancy. As the
blastocyst mvades this decidua, the layer of cells forming the
surface of the blastocyst develops mto the chononic mem-
brane. Cytotrophoblast cells proliferate from the chononic
membrane and form multinucleated aggregates called syncy-
tiotrophoblast cells. These cells form the placental willi.
allowing fetal-matemal inferchange between the villi-deaad-
ual imteraction. With delivery of the infant, both a hormonal
cascade and utenne contractions allow for separation of these
layers and expulsion of the placenta”

Retamed placenta is gencrally attributed to one of three
pathophysiclogies. First, an atomic uterus with poor con-
trachion mav prevent normal separation and contractile
expulsion of the placenta™** Sccond, an abnormally
adherent or mvasive placenta, as scen with placenta
accreta spectrum (PAS), may be mcapable of normal
scparation. Finally, a separated placenta may be trapped
or incarcerated due to closure of the cervix prior to deliv-
ery of the placenta®* " Placental hypoperfusion disor-
ders, such as with preeclampsia, and infection have also
been proposed as mechamisms for retamed  placenta,
although hittle 15 known about the specific mechanism ™"

Epidemiology

Estimates of retained placenta put the mcidence at between
0.1% and 3%.** Prospective investigations of retamed pla-
centa confirm these cstimates, with one study of =45 000
patienis showing that overall for all gestational ages. retained
placenta happened in about 3% of delivenies. with gestational
ages of =26 weeks and =37 weeks having a significantly
imcreased nsk of retamed placenta requinng  manual
removal.! Generally, mewdence seems to be higher in devel-
oped countries where practices tend toward earlier manual
removal of the placenta m the third stage of labor™'2

Risk factors
Manv studics have attempted to define nsk factors for
retained placenta, which are listed in Table 1. Established

Table | Risk factors for remined placenta

Rizk factors related to poor uterine contraction

High parity
Prolorged use of cxytocn

Rizk factors related to abnormal placentation

History of uterine surgery

Orcher risk factors

Preterm delivery
Prior history of recained placenta

risk factors include prior retained placenta, preterm deliv-
TV, prior wierine surgery, previous pregrancy termination,
miscarmage of curctiage. grand multipanty (greater than
five prior deliveries), and congenital wierine anomalies
{often unrecopmized prior to delivery)**-"

Some studics have suggested that prolonged oxvtocn
use could be a potentally moedifiable nsk factor for
retained placenta. with one study reporting that oxytocn
use for over 195 mins increased the odds ratio of the
retained placenta by 2.0, and oxytocm use over 415 mins
mcreased the odds rato by 6.5.% It 15 less clear whether
oxytocin 15 directly mvolved in placental retention, or if
the association 15 mediated by utenine atonv or infection
due to prelonged labor.

Placental under perfusion disorders have been impli-
cated as nsk factors for retained placenta.'’ In a case-
control study of all singleton primiparcus vaginal deloe-
ertes in Sweden between 1997 and 2009, the authors found
an increased association between placental under perfusion
disorders (such as preeclampsia, small for gestational age,
and stillbirth) and retained placenta; however, they could
not designate a common pathophysiology.

Some rescarch suggests that women may be predis-
posed to retained placenta. Retained placenta in a prior
delivery appears to be an imporiant nsk factor for recur-
rence. In one study of over 280 women i Denmark,
prevalence of retained placenta was found to be consistent
with previously reported numbers (approximately 3%)
using strict diagnostic cnterin. The authors found that
subsequent vaginal delivenies. the nsk of recurmence was
substanially increased to about 35%.° There has even
been some sugpestion that tendency toward retained pla-
centa may even be mhented. In one study, authors used the
Swodish Medical Birth Register to identify women with
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retained placenta after 1992 whose mothers” own barth
records were also in the Register (after 1973). The authors
found that the nsk of retamed placenta increased if
retained placenta had occurred at the mother’s own birth
(aDR 1.66 95% CI1 1/52-1/82), at the birth of one of her
siblings (20R 1.58, 95% CI 1.43-1.76), or both (aOR
2,75, 95% C1 2.18-3.46).""

Because of is relationship to PAS. assisted reproduc-
tive technologies (IVF or ICS[) have been proposed and
studied as an additional risk factor for retained placenta. ™
Elenis et al. in a 2015 study from Sweden, looked specs-
fically at oocvte donation IVF and the nsk of poor obste-
trical outcomes n otherwise healthy women.™ The
authors found a positive assoctation between retamned pla-
centa and oocvte donation, as well as between PPH and
oocyte donation.' In another 2016 study by Aziz et al,
seeking to determime whether or not length of third stage
was related to IVF, the authors concluded that cryopre-
served embrvo transfer (donated or autologous) without
controlled ovanan hyperstimulation was not related to
longer third stage, but did sigmficantly mcrease the nsk
for manual removal of the placenta. '

Morbidity
Retained placenta requinmg invasive procedures is associated
with obstetrical morbdities. Of arguably greatest signifi-
cance 5 the nsk of postpartum hemorthage, with retained
placenta the second leading cause of significant and even
fatal hemorrhage in the obstetnic population™'” One group
found that the odds ratio related to estimated blood loss
exceeding 500 mL. 1000 mL, and 2000 mL with retaned
placenta, respectively, is as high as 33.07 (95% CI 20.57-
53.16), 43.44 (95% CI 26.57-71.02), and 111.24 (95% CI
27.26-454.00)." In another case—control study of 114 women
with manual removal for retmned placenta. the authors found
that the case group required significantly more blood transfu-
sions (13% i the case group versus 0% in the controls),"
Large cohort studies have confirmed this elevated risk."”

Further research additionally suggests that the longer
the third stage of labor, the greater the risk of postpartum
hemorrhage.'® A study by Dombrowski et al in 1995 med
1o determme pestational age—specific data for the length of
the third stage. retained placenta. hemorrhage, and manual
removal. The authors found that both manual removal of
the placenta and PPH decreased with increasing gesta-
tional age, and that the two were related. However, causal
association could not be determined. !

If the placenta or pieces of the placenta remain in situ
following attempt at manuwal removal, a patient may
require surgical management. In a sudy of >20,000
patients in Norway, 3% of women requinng manual
removal of retained placenta needed additional surgical
management with dilation and curettage.”” Another case—
control study of 114 women found that cases required
more dilation and curettage than controls, although with
their study number they could not confirm significance. ™
Occasionally portions of the placenta or membranes may
remain in the uterus after manual extraction, leading to
delayed complications from retained products of concep-
tion. These can include delayed postpartum hemorrhage or
endomyometritis.

Evidence of infection nsk, particularly endometnitis,
following manual or surgical remwoval of retained placenta
has been inconsistently demonstrated *™ A large 1995 ret-
rospective cohort study at University of lowa compared
over 1000 patients requiring manual extraction afier vagi-
nal delivery with those who did not. =" After controlling for
confounders, the authors found that manual removal of
retamned placenta was sigmficantly associated with post-
partum endometritis. ™ Alternatively, in the large cohort
study of =20,000 patients from Norway mentioned above,
patienis requinmg intervention for retained placenta did not
show a significantly mcreased nsk of infection, despite
varying practices regarding antibiotic administration and
tuming.'” Cther studies have similarly found a relationship
but could not prove a significant association between
manual removal or surgical placemtal removal and
endometribs. """ The discrepancies may in part be due
to the lack of ngorous distinction between postpartum
fever and true utenine mfection.

Diagnosis

Retained placenta 15 climcally diagnosed when the pla-
centa fails to spontaneously separate during the thrd
stage of labor, with or without active management, or in
the setting of scvere bleeding in the absence of placental
delivery.""=* The first diagnostic criterion requires a time
cutoff, though there 15 no uniform consensus as to timing
for diagnosis of retained placenta in the third stage in the
absence of postpartum hemorrhage. Selection of a clmical
time definition can be based either on a population curve
of observed spontancous placental delivery times or on a
ume at which morbidity significantly increases. Thirty
minutes have been used as a loose guideline, which
comes from a 1991 study by Combs et al.? The rescarchers
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found that the third stage had a log-nommal distnbution,
with a mean length of 6.8 mmutes. with only 3.3% of
deliveries having greater a greater than 30 minutes third
stape. This timing has been supporied by other studies as
well.® Interestingly, the authors calculated that the no-
dence of PPH. transfusion, and dilation and curetage
remained constant dunng this period, increasing only
after 30 munutes and plateawing at 75 minutes for both
manually and spontancously delivered placentas. Because
PPH incidence did not increase until afier 30 numutes,
Combs et al recommended this timing for imtation of
manual removal of the placenta.

However, this guidance 1= not uniformly supported. In a
subsequent study by Dencux-Tharaux, surveys from 14
European countries exhibited wide varations in wait time
prior to manual placental remsoval, largely by country but
also by the hospital ** In countries such as Fnland and
Denmark., obsteiricians tended 1o wait 60 minutes or more
prior fo manual removal of the placenta, versus m countries
such as Spam and France, where providers removed the
placenta affer 30 mmutes. Practices also vaned considerably
depending on whether or not the patient i question had prior
epidural anesthesia™ National and worldwide guidelines
similarly have no consensus on when to mtervene on an
undelivered placenta. For instance, the Mational Institute
for Health and Clinical Excellence suggests a wait time of
30 munutes i the United Kingdom prior to manual removal
of the placenta™ while the World Health Orgamzation
puidelines propose a wait time of 60 minutes.' =

The most significant nsk of watmg a prolonged
amount of time before removing the placenta 15 postpar-
tum hemorrhage. In 2005, Magann and colleagues under-
ook a prospective observational stwdy in which all
delivering  vagmally were assessed for
PPH." Using recelver operating characteristic curves,
the authors showed that 95% of normal placental delivery
occurs within 18 minutes, and that a third stage of labor
longer than 18 minutes was associated with a sigmificant
risk of PPH." The authors followed up this paper in
2012 with a randomized controlled tnal assigming vaginal
deliveries to manual removal at either 10 or 15 minutes
{as opposed to the traditional 30} if the placenta had not
yet spontaneously delivered. ™ The findings supported the
authors” inateal study, showing that removal at 15 minutes
had a sigmificantly greater likelthood of hemorrhage com-
pared to 10 minutes, opening up the discussion on earlier
intervention. "

women

At times the bulk of the placenta will deliver sponta-
neously or manually, but small portions or an accessory
lobe may be retamed. This may be suspected when the
placenta appears frapmented after delivery or when there
15 ongoing heavy utenne bleeding. In this situation, the
uterme cavity may be evaluated with manual exploration
or with ulirasound. The utility of ulirasound in this situa-
tion has vet to be established. with a focal endometrial
mass, particularly with Doppler flow, bemg the findings of
interest. In one study of routine wltrasound immediately
after vaginal delivery, the senstivity for diagmosing
retained placental fragments was only 44% with a positive
predictive value (PPV) of 58%.° An altermate study
showed a 75-80% sensitivity of postpartum ultrasound,
though the mean time for evaluation was 21 days post-
partum, when less blood and decidua are expected to be
seen.”™ While immediate ultrasound’s PPV will be higher
when there 1s clinical suspicion of retamed POCs, a nega-
tive ultrasound should not deter manual or suction curet-
tage when there 15 a strong climical suspicion, especially i

the sctting of hemormhage.

Management
After delvery of the infant and prior to diagnosis of
retained placenta, active management is recommended o
facilitate spontancous placental separation, including oxy-
tocin, controlled cord traction, and utenne massage’
These mancuvers have been shown to decrease the nsk
of postpartum hemorrhage, though it has not been shown
that active management will prevent retained placenta. ™
Once dingnosed, the placenta = usually manually
extracted from the uterus ™" Table 2 lisis nems that
should be readily available if needed dunng the extraction
process. Because this procedure 15 pamful, adequate
analgesia should be achieved via epidural, conscious seda-
tton. or general anesthesia prior to an attempt at extraction.
Omce the patient = comfortable, she should be appropn-
ately positioned in hithotomy. A conical drape, preferably
one that = graduated and marked to allow for quantitative
blood loss, should be placed under the patient’s buttocks.
The operator should make every attempt to wear gown and
gloves and mamtam stenility, both for personal and for
patient protection. The patient’s bladder should be draned.
The provider should then use ome hand to follow the
umbilical cord through the vagina and cervix uniil the
placenta 5 palpated. If the placenta 15 separated but not
expelled, such as in the case of uterne atony, the tissue can

be firmly prasped and brought through the cervix
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Table 2 lvems that should be available for manual placental
ENIraction

Medications

Analgesics or sedatives with appropriate momitoring eguipment
Ukerotonic agents
Mitraghycerin

Patient preparation
Canical under-buttocks drape for biood collection
Bladder catheter

Surgical instruments

Spange forceps for grasping tissue

Long cureme

Hemorrhage management

Intrauterive balloon or uterine packing material

Avaibabilicy of orossmarched blood

Mazzsive mransfusion pracocal

Equipment for quantitative blood boss measurement {wolametric or
gravimeric)

Suction curetge squpmeEnt

Laparotomy equipment

Uterotonic medications, such as oxvtocin, methylergono-
vine, carboprost, or other prostaglandins. should be given
to facilitate contraction once the placenta 15 removed.*

Mitroglycerine (WTG) has been used to facilitate manual
extraction by relaxing uterine smooth muscle. ™ This may be
particularly helpful when the placenta is trapped behind a
partially closed cervix, though the use of NTG alone docs
not appear to facilitate spontancous placental expulsion.™ 1t
can be given as a | mg sublingual dose, or as sequential 50
meg iniravenous boluses, up o a otal dose of 200 mcg. The
medication can produce hvpotension and tachyecardia, which
can confound sssessments of matemnal stabibity. Once the
placenta 15 delmvered. uterotonics should be promptly given
to restore utenne tone and avoid sigmificant atory.

If the placenta remains attached to the wterme decidua, an
attempt should be made to scparate it mameally. Using one
hand to provide counter pressure on the fundus through the
maternal abdomen, the provider should then use the intemal
hand to manually create a cleavage plane between the pla-
centa with the atiached decidua and the myometrium. Once
separated, the placenta can be removed as described above. If
a separation plane cannot be created behind all or part of the
placenta, the provider should suspect a morbadly adherent
placenta (MAP) and prepare for potential hemorthage.

If placental removal is refractory or only partially
successful (e the placenta or parts of the placenta remain
in the uterus). or if bleeding persists despite placental
delivery, often the next step 1s surgical management with
curettape. This may be best achieved m an operating room,
with optimal access to surgical equipment. analgesia, and
patient resuscitation awds, if needed. Suction curettage 1s
generally used, though a sharp curette may be needed 1o
facilitate a separation plane. Access to uterine tamponade
supplics with either a large intrautenine balloon or surgical
packs should be immediately accessed i the event of
hemorrhage. Crossmatched blood products should be
made immunently available if placental separation 15 diffi-
cult or blood loss exceeds | L, and the care team should
attend to wierotonic administration and attention to coagu-
lopathy as the extraction is performed.*

Due to the nsk of endometntis, routme antibiotics are
generally administered just before or shortly after manual
removal of the placenta.™ Prophylaxis can parallel cesar-
ean prophylaxis with a firsi-peneration  cephalosporin,
Patients who are febnle at the time of extrachion should
be fully treated for chonoamnionitis with broad-spectrum
antibiotics.™ Despite these guidelines, few studies have
been undertaken examiming the effectiveness of antibiotics
in reducing infectious morbidity. A 2015 systematic
review by Chibueze and colleagues attempted to summar-
1ze the literature on the efficacy of antibiotics for prevent-
ing adverse maternal outcomes related to manual placenta
removal followmg vaginal barth*' The awthors reporied on
three retrospective cohort studies examining endometritis
and puerperal fever after manval extraction for retamed
placenta. Mone of the three studies found evidence to
suggest beneficial effects for routine anubiotic use in
women undergoing intervention for retaned placenta.
The authors concluded that further research 1s required to
adequately answer this gquestion.?’ Due to muxed data
regardmg prophylaxis, as well as the increasing nsk of
postpartum hemorthage with prolonged third stage of
labor, admimistration of antibiotics should not delay man-
ual removal of retained placenta.

Owccasionally, a portion of placental tissue may remain
in the uterus, cither knowingly or unbeknownst to the
providers. This can present as abnormal bleeding days o
weeks after delivery and should be suspected in the setting
of a delayed postpartum hemorrhage. Recently, studies
have examined the usefulness of hysteroscopic morcella-
tion devices in aiding with retmned placenta left in sim
postpartum (Figure 1A [before] and B [after]). In a senes
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Pigure | Tha phomo on the lekt (A) ihows 3 retaned portion of placants 3pprowrmasely & weeks after delvery. Tha photo on the right (B) showa the sama uterus followng

Mpmeroscepic morcelaton of the recined placenca

of casc reports, Lee and colleagues reported a higher nisk
of complications with blind curcttage compared to hys-
teroscopic morcellation.”” They additionally reported com-
plete rescction in 90% of hysteroscopic cases and
reduction of both perforation and intrauterine adhesion
nsk™ In  another randomized control tnal by
Hamerlynck ot al, the authors randomized patients to
undergo hysteroscopic resection of retained placenta with
cither hysteroscopic morcellation versus loop resection
with rigid bipolar resectoscopes.™ These authors in com-
panson found that when comparing the two modalitics,
complete resection was comparatively high i both groups,
and intrauterine adhesions were comparatively low.™ The
one significant difference between the two groups was that
the hysteroscopic group had significantly faster operative
times.™ The ability to perform hysteroscopic removal
depends on the amount of active bleeding. with suction
ge often needed when bleeding 1s heavy.

Other studics have examined altemative, nonsurgical,
management for retaned placenta. none of which have
been successful. In 2012, 99 women in a large teaching
hospital in the Netherlands with retained placenta (>60 mins
after delivery) were given cither 800 meg misoprostol or
placebo orally.** The author’s primary outcomes were num-
ber of manual removals of retained placenta and blood loss.
The authors found that oral misoprostol reduced neither the
need for manual removal nor the overall amount of blood
loss. Both groups were observed for additional 45 mims
after administration of misoprostol or placcho. While the
authors found that 50% of remaining placentas at 60 mins
delivered in the intervening 45 mins., it came at the expense
of additional significant blood loss.™*

For a time. umbilical vein oxytocin was thought to be a
promising alternative or adjunct to manual extraction of
the placenta. A 2011 Cochrane Review summanzed avail-
able data on the subject to assess the use of umbili

<l

al vein

oxytocin cither alone or in conjunction with intravenous
oxytocin to reduce the need for manual removal of
retained placenta.™ While mexpensive and casy to do,
the authors found that all well-designed randomized con-
trol trials showed no significant effect of umbilical vein
oxytocin on retained placenta.™

Morbidly adherent placenta

In the unusual event that manual extraction docs not result
in delivery of the entire or partial placenta, MAP must be
considered as an ctiology. The PAS. which includes
accreta, increta, or percreta, can be causes of significant
surgical and hemorrhagic morbidity on the labor and deliv-
ery floor*"” (Figure 2). While PAS is relatively rare,
particularly in the absence of a placenta previa, it can
occur at vaginal delivery when there is no previa. Given

Pigure 1 Magetic recnance fmage showing 3 portion of Tetined placeres &

wesks postpartum. The aTow nAcite: an ares whars the dght-gray placents &
desply Ewaiive IDto the Sarkergray MyomemTium. FCSRT TS IPECTRUTE WAl

folowng
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|hc cxccs mofbndxly providers should consider this

gy when a p 1s retained in the sctting of
ngruﬁum PAS nsk factors. Tlscs include prior uterine
surgerics, including hy ions. IVF concep-

tion, a history of intrauterine ulbannns. or a prior history
of MAP or pathologic findings of accreta.”™*

When a scparation planc cannot be created or extraction
attempts begn to invert the uterus, MAP should be sus-
pected. In this case. further attempts to extract the placenta
should cease. as forcible removal of a MAP can lead 1o
massive hemorrhage,* At this point. consideration should
be made for hysterectomy, which will be necessary if the
patient has an undeliverable placenta with significant
hemorrhage.  Alternative treatment has been described
including expectant management or uterine conservation.*
Expectant management has been described in small studies
and refers to the placenta left mn situ after diagnosis of
PAS ™% Such management requires carcful patient
selection and counseling. as this risks delayed hemorrhage
or mfection. Nevertheless, successful cauctvanw manage-
m hu m ol o wnh 1 1 1. ‘m‘p_
non.otmvalalamc&moflmouﬂumduplolyw
postpartum.*!

Uterine conservation with placental removal is an alter-
native technique that likewise has been described in only
small studics. This refers to resection of the placental bed
at the arca of suspected PAS and requires conversion to
laparotomy after vaginal delivery.** The resultant defect in
theory can be repawed vin over-sewing and/or uterine
repair or all ively npting tamponade with a Bakri
balloon. Only one small study has cvaluated the latter in a
randomized control trial. and only with the lesser mvasive
types of PAS.*'*

Co_nclusion

1 nl

after vaginal delivery can be a source of
ngluﬁcanl hemorrhagic and surgical morbidity to the
mother. In considering ways to lesson morbidity, the clin-
ician should have a knowledge of risk factors for both
retained placenta and MAP, allowing them to triage those
paticnts most at risk of hemorrhage and prepare by ensur-
ing blood products are casily available. When managing
the paticnt with retained placenta, 30 minutes of clapsed
third stage have been traditionally used as a guideline for
timing manual removal; however, recent rescarch has sug-
gested that shorter duration of third stage may in fact be
less morbad. Further rescarch should be pursued to deter-
mine the best timing and infection prophylaxis for this

ctiology. Regardless, prompt diagnosis and management
with appropriate personnel, access to blood for massive
transfusion protocol, and surgical equipment suclusukr-
ine suction and tamponade can be required to treat retai

placenta and lessen its morbadity.
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Preeclampsia is a senous complication of pregnancy where it affects 5-8% of all
pregnancies. It increases the morbidity and mortality of both the fetus and pregnant
woman, especially in developing countries. It deleteriously affects several vital organs,
including the kidneys, liver, brain, and lung. Although, the pathogenesis of preeclampsia
has not yet been fully understood, growing ewdence suggests that aberrations in the
angiogenic factors levels and coagulopathy are responsible for the clinical mandestations
of the disease. The common nominator of tissue damage of all these target organs is
endothelial ingry, which impedas their normal function. At the renal level, glomeruar
endothelial ingury leads to the development of maternal proteinuria. Actually, peripheral
vasoconstriction secondary to matermnal systemic mflammation and endothedal cell
activation & sufficient for the development of preeclampsia-induced hypartension.
Simiarly, preeciampsa can cause hepatic and newologic dysfunction due to vascular
damage and/or hypertension. Obviously, preeclampsia adversely affects various organs,
however it is not yet clear whether pre-eclampsia per se adversely affects various
organs or whether it exposes underlying genetic predispositions to cardiovascular
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i that manifest in later life. The current review summarzes recent development
in tha pathogenesis of preeclampsia with special focus on novel diagnostic biomarkers
and their relevancs o potential therapeutic options for this disease state. Specifically,
the review highlights the renal manifestations of the disease with emphasis on the
involvement of angiogenic factors in vascular mjury and on how restoration of the
angiogenic balance affects renal and cardiovascular outcome of Preeclamptic women.

Novel Machantsms and Pofanity’
Thempeutic Angyoaches.
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INTRODUCTION
Preeclampsia (PE) is a p d complication of pregnancy, where it affects 3-8% of all
pregnancies and d ically i the risk of all-cause mortality, especially in women

who experienced early, severe, preterm episode (Backes et al, 2011; Jim and Karumanchi,
2017). Preeclampsia negatively affects both the mother and fetus (Table 1). Concerning the
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latter, may.. cuose lnln-ut:rine fetal gwlh
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such as soluble fms-like tyrosine kimase-1 (sFLT1) or soluble
endoglin (sENG) in the diagnosis of preeclampsia and the
risk for ing the disease and even in predicting the
(Tjoa et al. 2007; Stafi et al. 2013; March et al.

bral palsy, N 5
mumpﬂhyd'muwﬂyandmpaﬂddulhﬂhbkl.
Backes et al, 2011). Besides its deleterious impact on the
&msprmhmpshalsonledsth:,_. where

2015 Palomaki et al. 2015; Sircar et al, 2015 Baltajian
dd ’OlG)T'hesumu-d"" takes into the
A, A4 mg e 3 1

it is i with hyp 3 kidney damage, liver
iu'urrlfainm. cannl nervous system (CNS) damage, stroke,
y edema, adult respiratory distress
srndmme mdnmdmh('lhbl:l Berg of al. 1996; Vikse
<t al.. 2008; Ghulmiyyah and Sibat, 2012). Actually, preecl i

ofpmedmpsuand!hcmed:mkm—buedmvel&mu\d
therapeutic options.
In light of the rapid pace in the development of this issue
and its clinical rel the review on
ko0 3 | ia and the derived

is responsible for maore than 60,000 "

recenl‘ ughs in B P
i 3 hunlemdmdvanud

1 deaths Ity
worldwide, plxm‘un!h: third cause of maternal mortality
after bleeding and (Mongraw-Chatfin et al, 2010;
Young et al.. 1(Hﬂ) Higher mortality rate was obznw.d whcn

P which are
:hmullrhkmmhillnmlnmminamdmyhuk
down the old dogma ck g that no inter ion has been
plwedhyn\maddaydnom«ofytmhmandlh:nnly

precclampsia is nmncd with HELLP (hemolysi
liver Y low }. syndrn liver h
rupture, acute lndnq injury (AKD), oliguria, duuuunll:d
intravascular  coagulation (DIC), and pulmonary edema
(Ghulmiyyah and Sibai. 2012). Preeclampsia is of special
relevance in the developing countries, where the maternal
mortality is ~15% compared with 0-18% in the developed
countries (Ghulmiyysh and Sibai, 2011). This difference s
largely attributed to inadeqs ¥ muinpooru;iotn
of the warld, and subsequentl: g timely d ion of
hypertension, generalized or loul edmn and proteinuria to
detect preeclampsia at early stages.

In the last decade, the definition of

is delivery.

RISK FACTORS FOR PREECLAMPSIA

Although the mechanisms of preeclampsia are poorly elucidated
there are several predisposing factors that increase the risk
for the development of the discase (Table 2; Al-Jameil et al,
I!)N). Aman; !he ladm‘ risk factors (yet uncommon) is

d (APLA-S). In addition,
numerous qndamolopcal slud-:l have demonstrated that
chronic ludnq d-«u (CKD) significantly increases the risk

revisited as lhtmedummxund:ﬂym;thednmm
dramatically evolved. Concerning the former, several leading

of p pecially lupus (Roberts et al. 1989 Mostello
ot d.. 2002; (anx ctal, NO& Jim and Karumanchi, 2017). Risk
ﬁclonﬁnprredampm mdudeabobmrptudm\psu first

mﬁhwchﬂlenpdlh:hl!:uﬂuryolddusk“"

of preecl ly, de movo b new amu ol
pmteﬁun-iaand liver dysfi aﬁer nnd gnancy
by the di Y d Ldioi 1 b L 4

(Tjoa et al, 2007; Staff et al, 2013; Pllnmnkldd ZOIJ'
Baltajian et al, ’016) lnlhhnon(rxhseva’alﬂndluhve
jon by incorparating key

older age, and
disbetes mellitus (Al famieil et al, IOM). It is also more frequent
in multifetal pregnancy, where the incidence of preeclampsia

TABLE 2 | Maior predipaning 7k facion for the development of presciampsia.

biomarkers of either pl l or origins, &
placenta growth factor (PIGF) and antiangiogenic fu'nn

TABLE 1 | Aoverse impact of preeciampsis on fstus and mather

On fetus On mother
o Growth restriction o Hyperenson
o Preterm delbvery o Future HTNL CVD
o Placertyl atwugton o Kidney njury
o Respimtory detwess o Chyonic idoney cissase and ik for EERD
« Ceretnsi pamy o Liver falure
. at .
o Necotiang enferocois o CNS darmge and stroke
o Gepsis o Senes
o Stibrtn » Debetes mefitun

o Cororary anery dsease
o Puimonary ecema
o Deatity

Risk factor OR or RR [83% C)
Antichospholpa amibody synarome: a7 |21
Renal doease TEQR2-28D
Priar preecxmpsia 721848
Systemic kpus enynmatosss a7 20-163
Nuspeutty 2425103
HIV4+ HAAAT Yeotment S01.7-18.)
HIV positive wrrentec 45 24-10.T)
Crvoric hyperenson 38 (@443
Dabetes MeStus ac@Esam
Mutpie Gesation E5QE04D
Syong tamdy history of cargiovasculy dmease 320470
hean duease or stroke D =2 st degree

reztves)

Cesity 230740
Farmity history of preeciarpsia In frst degree 23281830
reaeve

Actianced maternal age (> 405 for mutps 1.80(1.34-287)
Acvmnoed maternal age (> 40) for msiparns leanza2zm
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31% (McFarlane and S-.uu 1976; (_oomod et Al 199:) Despite 1004
the association between these risk factors and preeclampsia,
the mechanisms whereby these factors increase this risk are I3
largely unknown. However, underlying diseases characterized by g 0.961
imbalance of angiogenetic factors and coagulation may explain \
whymmnpopulxwmmnn& Despite that, in most cases 090
P psia is unpredictable (Jim and Karumanchi, 2017), ‘\
088
PATHOGENESIS OF PREECLAMPSIA g
lnlhtlmdecndt.m di g of the pathogenesis of 0.40 P ———
ia has p ively ad d (Ptupp- et al. 2016). =-Piwedaoas st 34 vests geszion
Tbmfm in lMs udlon we will focus on the most recent 078 teecepe o A bt e

concepts in the pathogenesis of the discase, especially the
involvement of anpogemc factors. It is obvious today that
fampsia is a sy disease ch ized by g lized
endothelial damage (Roberts et al, 1989), thus negatively
affecting almost all organs of preeclampts includi
the potential to affect future cardi lar and renal d
cven decades after the disease occurrence (Figure 1; Berg et al,
1996; Vikse et al, 2008). In this context, a comprehensive
‘nudyvulcdlhn‘_wu’,“,
d with 1ar di death lly adj d
hazard ratio: 2.14 [95% CIL 1.29-357]) (Mongraw- Chaffin
et al, 2010). The situation was even grimmer in women
who experienced preeclampsia by 34 weeks of gestation (HR,
934; 95% CI, 450-20.25) (Mongraw-Chaffin et al, 2010). The
lnﬂnmornhtynu:mldbeuphmedbylheﬁmhnplhal
cardy-onset 1 a sub higher risk
dunﬁonscuhrrespumnry CNS.uniLhepm: and other

prosp
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FIGURE 1 | {A) CVD deatn Kapan-Meter suryival acoorang o pestatonsl
fiming of prescimosis. Sunitay anatyss: s basad on 14, 403 pregnant
women. A fotal of 481 had cbaerved preeclampsis, nnd 200 died bom

morbidity and was evident by end target damage (Lisonkova

dor ciseane (ndaphes with permission dom Mongrme-Chatin et o,

et al., 2014). Collectively, these ﬁndmp m;gut that the risk
of morbidity/mortality among p is related
wﬂummyﬂuduemmdgdﬂaulmnnnm namely
carly (<34 weeks) or late (>34 wecks). However, it should be
emphasized that if the mother has a genetic predisposition to
cardiovascular discase, then it is this rather than pre-eclampsia
per se that causes the increased morbidity in later life as outlined

2010, §8) Cumuniive rek of end-sings renal disease (ESRD! after frst
ladognec wen hom Vikse of . 2008

growth factor (PIGF) secretion by the placenta are close to the
mmnlrnnge.‘l‘bncam which represent nearly 80% of pre-

M‘l‘lxmfnrelddiﬁomlnudiauemd:dlo"' ish

mm‘ ght to be due to a genetic maternal
¥+

I the ibuti Jamg nltllandﬂugr;dm

lo!hchlghpuv:knceolardmcuhrmodndnymdmotuhty

pre to cardi lar discase, which manifests as
pnrcdampsudunngdumm -test of pregnancy.

The pathology early-onset preeclampsia starts with ab 1}
formation of blood vessels in the maternal uterine spiral arteries.
During normal pregnancy, major adaptive changes take place

luding spiral artery remodeling in the pregnant uterus aimed

among precclamptic women.

Ilnmnppucuwd!hnealy—mdhlrmapu-
clampsia have dif P hysiologies, thss adv g our
di ding of the synd: lneuiyonmalsnuftrmdm

at deaunng nul:nul blood vessel resistance and subsequently

as placental pre-eclampsia. there is clear evid of
maternal spiral artery ion in carly pregnancy. This s
associated with placental malperfusion, and gross and molecular

| perfusi (Lyall, 20:05). However,
nulhcnuunl nusddmgshmnthnlh:rannddmghuldmv:ly
little impact on ! I ion, and is more

pathology of the pl | tissues. Oxidative stress of the pl
causes increased secretion of sFLT-1 and reduced PIGE reflecting
dlelnnmnrl:a panem In late-onset pre-edampsn. called also

with reducing the I o(mﬂuwmdeumnn;mmuncyn(
Hoodﬂow(Bunonnal "MO)
These alterations in spiral arteries, namely high-capacitance

Ip psia, there is little evi of reduced arterial  low-pressure flow to the placenta, are essential for fetal
and | perfusion is maintained or even nutrition. Spiral artery deling is achieved through invask
increased (Sohlbcrg et al, ’OH)_ Thus, there is only minimal phobl and disapp of the h muscle in

placental stress (Yung et al.. 2005) so that sFLT and placental

the blood vessel wall (Kaufmann et al. 2003; Lyall 2005;
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FIGURE 2 | Abarrant placentation and angiopeness in preeciampeia. In noma pregrancy, Cytobrophabiants of fetsl cign invace the maternal spial artenes and
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Osol and Mandala, 2009). Using mouse model revealed that this
process involves the full circumference of the vessel in its
segment entering the placenta from the mesometrial thangle, so
called, the central canal. The deeper parts of the spiral artery
within the mesometrial triangle and even beyond it, as deep as
the mesometrium, are only partially remodeled and retain the
muscular wall in part of their circumference (Geusens et al,
2008; Skarzinski et al., 2009; Figure 2). In order to achieve spiral
remodeling during normal pregnancy, many molecules including
vasoactive substances, growth factors, adhesion molecules and
proteases are secreted by the placenta and the vasculature
(Brosens et al, 1972; Norwitz ¢t al. 2001; Kaufmann et al,
2003; Lyall, 2005; Pinenborg e al, 2006). Among the most
P b ces in this context are vascular
endothelial growth factor (VEGF). sFitl, PIGF, and endoglin
(Talamoto et al, 1996; Maymard et al, 2003; Levine et al,
2004; Li et al, 2005; Venkatesha et al, 2006; Kanasaki et al.,
2008; Zhou et al. 2008), Furthermore, interactions with the
maternal immune cells, especially uterine natural killer cells
and their corresponding human leukocyte antigen-C (HLA-C)
ligands on the invading trophoblast. are important for release
of proteases and remodeling (Moffett et al.. 2015). Interference
with their central role in creating efficient uteroplacental interface
and cardiovascular and renal adaptations during pregnancy
to preeclampsia as claborated below. It is widely
accepted that abrupt remodeling of the uterine spiral arterses

fa ative

1

plays a key role in the pathogenesss of carly onset preeclampsia
(Brosens et al., 1972; Norwitz et al.. 2001; Kaufmann et al, 20603;
Red-Horse et al, 2004; Pijnenborg et al., 2006), yet there is no
evidence that they are involved in arterial deling of the spiral
arteries.

Angiogenic Factors

As mentioned above, insufficient spiral artery remodeling due
to superficial invasion of trophoblasts is the basis for the
development of early-, but not late-onset cases of preeclampsia
(Brosens et al. 1972; Norwitz et al.. 2001; Kaufmann et al., 2003;
Red-Horse et al, 2004; Pijnenborg et al, 2006). Perturbations
in the generation of normal uteroplacental interface results in
ischemic placenta and oxidative stress which stimulates the
release of prohypertensive and anti-angiogenic factors (such as
sFit-1) (Cindrova-Davies, 2009). Moreover, sFit-1 sensitizes the
endathetial cells of the maternal circul to pro-inl ¥
cytokines such as tumor necrosis factor-a (TNF-a) (Cindrova
Davies et al, 2011), causing g lized endothelial dysfu

and subsequently multisystem damage (Figure 3; Roberts et al.,
1989; Llurba et al, 2015; Verdonk et al., 2015).

Placenta Growth Factor
Among these substances are VEGF sFitl, PIGF, sENG, and
endothelin (ET-1) (Figure 3; Llurba et al, 2015 Verdonk

et al. 2015). Therefore, sFlt-1, PIGF and endoglin are
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A Endothelial colls Endothelial cells Endothelicl cells
g Endothelial cells Endothelial cells
Endothelial cells
FIGURE 3 | (A) Vencutor unction In normal pregrancy and (B) Vascuy gysiuncion in preeciampss. in nonal pragrancy there & angiogeric boance & evident by
VEGF, PIGF, and TGF-fi leweis, which are necessary for normal biood vessal formation and endothesial function via eNOG actvition and subsequent niric mode
peneraton. The action of these taciors & hampesed In preeciumpsia due £ angogenic mbailance, whare soluble 521 and sEng oot as stavengers oor ratihve VEGF,
PIGF. and TGF-{, s inducing endothetinl aysuncsion

extensively assessed as potential biomarkers for the diagnosis

reduced levels of PIGF were found in preeclampsia (George and
Granger, 2010; Staff et al. 2013; Kar, 2014). It is noteworthy
that infusion of recombinant human PIGF via intraperitoneal

of preecclampsia (Venkatesha et al, 2006; Staff et al. 2013).
While PIGF is p Riog sFit-1 is antiangiog factor
(Ahmed. 2011). PIGF is expressed by the placenta, especially

the syncytiotrophoblast (Maglione ¢t al, 1991), but also by
the endothelium (5taff et al, 2013). PIGF is a prominent
angiogenic player in the development of the placental vascular
system (Iwasaks et al, 2011; De Falco, 2012). During normal
pregnancy, PIGF can be detected in the maternal circulation from
8 weeks gestation, reaching a maximal concentration toward the
end of second and declining thereafter until delivery
(Taylor et al, 2003). In line with its proangiogenic function,

ti pumps abolished the development of hypertension
in experimental preeclampsia model (Spradicy et ul, 2016).

Soluble fms-Like Tyrosine Kinase-1

Vascular endothelial growth factor is critical for vascular
homeostasis and activates both VEGF receptor-1 (VEGFR-1) and
VEGFR-2 coupled to endothelial nitric oxide synthase (eNOS)
required for angiogenesis {Figure 3; Ferrara, 2004; Ahmad <t al.,
2006 Sison et al, 2011k Bertuccio et al., 2011; Veron et al, 2012).

Juy 2018 | Voume 8 | Articee 371

190



Hamaly o &l

ésouiorathy In Presciampsn

The imporfance of YEGF for the maintenance of normal
endothelial function and development of placental vasculature
is derived from the consequences of impairment of VEGF
activity due to certain drugs or elevation of sFit-1 {Ahmed,
1997; Kabbinavar et al. 2003 Sison et al. 201 Bertuccio
et al. 2010; Veron et al. 2012). In this context. anti-
VEGF therapy with Avastin display preeclampsia-like symptoms,
namely hypertension and proteinuria (Kabbinavar t al., 2003
Eremina et al., 2008 Muller-Deile and Schiffer, 2011; Hayman
et al, 2014}, sFli-1 is a splice variant of YEGF receplor fms-
like tyrosine kinase 1 (Maymard et al, 2003). sFl-1 acts as a
potent scavenger of YEGF- and PIGF thus preventing their
interaction with endothelial receptors on the cell surface and
subsequently induces endothelial dysfunction (Figare 3; Kendall
and Thomas 1993; Levine et al., 2004). The elevation of sFlt-1
is due to overexpression of sFlt-1 mRMNA as was demonstrated
in in vive and in vitro models of human placental hypoxia
mediated by hypoxia inducible factor | [HIF-1) (Mevo et al., 2006
Onda et al. 2017) Support for its pro preeclamptic role came
from experimental studies. where administration of adenoviral
enhanced overexpression of sFl-1 into pregnant rats or mice,
induced clinical mani af precclampsia. including
profsund elevation of blood pressure (BP). albuminuria. and
renal histologic changes such as endotheliosis and fibrin
deposition within the enlarged glomeruli (Gartner et al.. [998;
Maynard et al.. 2003; Onda et al, 2017} At the mechanistic level,
sFli-1 indirectly prevents the production of VEGF-induced MO,
resulting in enhanced generation of reactive oxygen species and
exaggerated vasoconstriction {Ahmad and Ahmed, 2004; Burke
ctal. 2018).

In clinical setting. sFlt-1 levels were found 1o be elevated
as early as 5 weeks before the diagnosis of preeclampsia and
directly correlate with disease severity (Levine et al.. 2004; Kar,
2014). Furthermore, support for sFit-1 role in the pathogenesis
of preeclampsia is derived from experimental and clinical
stodies involving sFlt-1 elimination (Ahmad and Ahmed. 2004;
Thadhani et al., 2016; fim and Karumanchi. 2017). Specifically,
sFlt-1 removal by dextran sulfate apheresis in humans reduced
proteinuria and prolonged pregnancy ( Thadhani et al. 2016).

Endoglin

Endoglin (EM{G) is a type | membrane glycoprotein localized
o the cell membrane where it constitutes the transmembrane
co-recepior for TGF beta receptor complex (TGF-fil and TGEF-
fi3) (Gregory et al, 2014). ENG is expressed by endothelial
cells and monocytes, especially during necangiogenesis and
embryogenesis (Gregory et al.. 2014). Concerning the latter, the
human placenta, especially syncytiotrophoblast is an important
source of ENG {Gougos and Letarte, 1990). The primary roles
of EMG include angiogenesiz. endothelial cell diferentiation
and regulation of vascular tone through eNOS (Ahmad and
Ahmed, 2004). Proteolytic cleavage of the extracellular domain
of endoglin, generates sEng that presumably functions as limiting
factor for the activity of TGF-f and the coupled eNOS | Figure 3;
Ou et al. 1998; Bourdean et al, 199%). Since TGF-f acts as
anti-inflammatory and vasodilator growth factor, its elimination
by sEng leads 1o endothelial dysfunction characterimed by

vasoconstriction, overexpression of adhesion molecules and
reduced T cells characterizing preeclamptic women (Matsubara
et al. M0k Ahmed, 20110 By using experimental model of
preeclampsia, it was shown that sEngand sFit- 1 act synergistically
o induce endothelial dysfunction especially the severe variant
of the disease, namely HELLP syndrome (Santner-Nanan et al.
200%). Similarly. circulating sEng was found to be high in
preeclamptic women even prior o the discase manifestations
correlating with disease severity and falls after delivery (Levine
et al, 200d; Venkatesha et al, 2006}, making it a reliable predicior
of patients destined to develop severe early-onset preeclampsia
{Robinson and Johnson. 2007). The regulators of sEng release are
largely unknown, however like sFli-1, it was reported that both
cytokines (Zhou et al, 2010}, and swtoantibodies to angistensin
11 AT-1 receptors stimulate {Cudmore et al, 2007} and heme
oxygenase-1 [HO-1) inhibits its release (see later) (Zhou et al..
20}

Other Vasoactive Substances
Ome of the major features of preeclampsia is generalmed
vasoconstriction and reduced plasma volume, assumedly due to
endothelial activation even weeks before clear evidence of the
disease (Roberts et al.. 198%; Roberts and Lain, 2002). Endothelial
| ion is char ized by reduced blood flow to virtually
all organs in preeclamptic women due to vasoconstriction. The
latter is partially attributed to imbalance in neuwrchormonal
systems, including activation of the sympathetic nervous system
and renin angiotensin aldosterone system [RAAS) as well as
endothelin (ET-1) (Gant et al., 1973; Roberts and Lain, 2002}
Om the other hand. endothelium-dependent vasodilation {Pis,
VEGE TGF-fi, and NO system) is also attenuated in preeclamptic
patients (Fischer et al, 2000; Yoshida et al, 2000), secondary
o oxidative stress which is known to provoke endothelial
dpt'unrtm {Roberts et al, 198%9; McKinney et al.. 2000). Partial
restoration of the balance (even for a short while) by water
immersion of preeclamptic women increased cardiac output and
reduced systemic vascular resistance (SVR), yet to a lower extent
than normal pregnant women {Elvan-Taspinar et al., 2006). Yet,
the therapeutic potential for water immersion in preeclampsia
appears to be limited {Elvan-Taspinar et al., 2006). Several studies
have reported elevated ET-1 levels in preeclampsia and some of
them demonstrated a positive correlation between ET-1 and the
severity of symptoms (Taylor et al. 1990 Mastrogiannis et al..
1991; Benigni et al. 199% Granger et al,. 2006; George and
Granger, 20011, 2012; George et al. 2012). The cadence of ET-1
as mediator of many preeclampsia manifestations is appealing in
light of its potent vasoconstrictory, inflammatory and proteinuric
properties (Davenport et al, 2016; Salkeh et al, 2016; Bakrania
et al. 2017). Support for this notion is derived from animal
models of preeclampsia. where it has been shown that endothelin
receptor blockers prevent the development of the disease (Salch
etal., 2006 Bakrania et al., 20070
Finally. HO- 1 plays an anti-infl atory and inhibitory role
on sFlt-1 and sEng release via its metabolite carbon monoxide
(C0) (Ahmed. 2001). In line with HO-1 invelvement in the
pathogenesis of preeclampsia, women with the disease exhale less
0 than women with normal pregnancies and HO- 1 expression
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decreases as the severity of preeclampsia increases (Ahmed,
2011). The downregulation of HO-1 aggravates the inflammatory
upeao{pt«dampna.mddepﬂvuddnbo&y(mmmwnml

anti stress and anti (Ahmed. 2011).

Diagnosis of Preeclampsia

me:thmhnllcmtmy thedlmnlsyndmm:nl
preeclampsia is defined as de novo b and new onset of
(AlOGpncn«bull:un 2002).

inuria after mid p
Hypcrunmudnpo«dwfunnuymmdun 140 mmHg
systolic or 90 mmHg diastolic at two separate times, more than
4 h apart in a woman after 20 weeks of gestation (Duley, 2003).
In addition, proteinuria of >300 mg/day is milestone for the
diagnosis of preeclampsia (Staff et al., 2013). However, in the last
decade this concept has been challenged in light of the fact that
dltdbustdndopslnngtmprmlouukmmmmm

28 gestational week, a sFM-1:PIGF ratio >38 had a positive
predictive value of 32% for preeclampsia and preterm birth. At
36 weeks, a sFlt-L:PIGF ratio >38 had a predictive value for
severe preeclampsia of 20% in high-risk women and 6.4% in low-
risk women. When sFlt- lanmwas>ll0nI|upmdlmu
value of 30% for severe § 1 A g low-risk

at 36 weeks, nth-lPIGFrn:o<3lludlnqu¢pndmm

value for severe preeclampsia of 99.2%. Coll , the sFlt-
1:PIGF ratio p ided clinicall y useful predicti oflhzri*oﬂhe
most :mpomnlmmf ions of preecl, 5 g the

pioncer findings by Levine et al. (’ON) and providing rational
for the use of angiogenic biomarkers to stratify women at high
risk for preeclampsia.

lnnnﬂhntywﬁhsﬁtl serum concentrations of sEng are
(Chen, ’lln)»acumpnndmd:

ding TS
stable levels through 1

(Staff et al, 2013). Actually, early clinical signs of p F
may be absent or unremarkable, andtbcrdnblhtyo“hectwo
hdlmrh(hypemunnmd inuria) as gold dard is
P pecially if the preg suffer from
Jisposi Sitions, sixch as chionic hypertension and CKD
(Scbax mdSIdla. 2009). Therefore, the scarch for more sensitive
and early bi ker of the di d all the time and is
more zeal in the last decade. This issue is of great importance
smuuﬂydupmuo!pnzdlmpmmyhlheﬁnlﬂ:phlhz

Ap
by the ek ‘icnnnl:vdsol:lin;mdlh:wvmtyuf
pre-eclampsia has been d d (Chen, 2009). Noteworthy,
scrum sEng have been shown to be significantly increased before
the onset of discase. Specifically, sEng levels increased as early
as 9-11 weeks in pregnant women at risk for preeclampsia and
by12-14 weeks in women with term precclampsia (Levine et al,
2004). Thus, sEng could be used to predict preeclampsia at 11—
13 week gestation (Akolekar et al, 2011) with precaution since
h';hkvzknfsﬁngludﬂuwddninolherpemddimdm

§ y for the develop d‘ y such as small g | age, thus limiting its specificity.
|llhe‘ kers are of h ic rel lnllul Therefe the of changes in the ratio of different
mhwurbnmdcrh\d&nmlhemem dented binati o‘"GF/sEn;llll+sEﬂg)lWllth¢kl
dv in our und g of the path h and around 20 weeks, is more 1 ive than the & '}

underlying preeclampsia (Ahm«! 2015  Staff et al., 2013; Phipps
et al., 2046; Jim and Karumanchi, 2017). Specifically, it is now

biomarkers at single time-point screening (Levine et al, 2004;
Romero et al, 2008; Rana et al, 2013).

obvious that angiogenic imbalance, as reflected by elevated levels

of sFlt-1, sEng, and ET-1 along d d PIGF ionsin  Kidney Placenta Crosstalk

the maternal circulation (Ahmed, 2011; Staff et al, 2013 Phupps  The kidney in normal progaency

ot al, 2016 Salch et al,, 2016; Jim and Karumanchi, 2017), is  There is an imp the pl and
the link between this syndrome and the malperfused placenta Ihehdntydunngmnnd gnancy, as evident by adaptiv
characterizing the early-onset pre-eclampsia, and the | and physiologic renal ch Tllehtlcrindude

genetic predisposition, as in the hke-cns:t form. Therefore, sFit-

1, sEng, and PIGF are ing biomarkers for the diagnosis of
precclampsia (Ahmed, 2011; Sutf:(nl 2013; Ptup;ncul, 2016;
Jim and Kar chi. 2017). Besides their diagnostic f

these biomarkers were found to possess prognostic features. For

an increase in renal size by 30% and length by 1-15 cm
mainly due to the increased renal blood flow (RBF) as early
as the first 4 weeks of pregnancy (Hussein and Lafayette,
2014). The collecting sy of both kidneys are n
dﬂlldnﬂmmmmmdmﬂun&hﬂﬂuﬂfsn

oot Ay s

instance, Rana et al. (2013) showed that high ratio of sFit to PIGF ¥ b ¥ can occur in late pupunq

in preeclampti is iated with worse l and M d lnBP dary to generali

fetal pared with with a lower ratio. modlhnou duclolh:mdlucd SVR.uprob&lyduetodn
In a prospective multicenter observational study, Zeisler et al. 1o angs in I1 (Gant et al. 1973). Likewise,

(2016) examined whether ratio of serum sFlt-1 to PIGF preds imbal b lbe vasodilatory prostacyclin and relaxin

the ab or p of preeck lnlh:tbonl:rmiu and icti b in favor of the first, and

'F

women with singleton pupnnﬂu in whom p psia was

ofnnnc oxide (hO). a potent vasodilator that mediates

dothei: d (Hussein and Lafayette, 2014),

mspecld(!;lwvd:sﬂ)dayslo”mks&dﬂysd_, on)
These authors have shown that an sFlt-1-to-PIGF ratio of 38 or
lower drawn at 24-37 wecks of gestation can reliably predict
the absence of preeclampsia and fetal adverse outcomes within
1 week, with negative predictive values of 993 and 99.5%,
respectively. Similarly, Sovio et al. (2017} who d d sFit-

may ib Inlhh,-" At the renal level, there
is an increase in glomerular filtration rate (GFR) secondary to
increased RBF by '~35 50% (Hussein and Lafayette, 2014), For
this reason, is panied by low serum

urea, "' uric acid levels and increased urinary

l.PlGFnuonnz&md?Joweho(melqcm
4.099 women recruited to Preg At

protein excretion up to 300 mg/d (Hussein and Lafayette, 2014).
The renal vasodilation is responsible also for the activation of the
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RAAS. In fact, despite the clevated levels of renin and ald

that b b, an anti-VEGF antibody used to treat patients

in pregnant woman, both the BP and SVR are reduced (Gant
etal. 1973).

wnhv:nmutypa olanccrardnbdncprohfmm retinopathy
and p g the effect of sFlt-
1 (Erumxu et al., 2008; Muller Deile and SJnﬂer. 2011; Hayman

causes h

The kidney in preeclampsia etal, 2014). I wgly, the renal findings in p ts who were
'l‘hcnbowmmtmud changes are punullymlhullu treated with bevaci b including endothels h bots
such as where pathologic  microangiopathy, and podocytes shedding, are similar to those
dunps mboﬁl the placenta nad thehdnq! nkcph:r_ One found in preeclamptic state (E et al, 2008; Muller-
dlhcmnnvdmﬁcomnlomlnadapﬁnchnpdmu‘ Deile and Schiffer, "DlLHarmmdnl 2014). Kndnqdmnp
preeclampsia is the kidney, where glomerular during preeclampsia as by endothelial and p Y
and proteinuria develop (Spargo et al. 195%; Gartner et al,  loss ributes to the i d risk of later b ion, CKD,

1998; Crasct et al, 2013). The hallmark ch renal

ischemi hnndimu.moh.pniﬂeﬂpmuinmiamdﬁnnﬂy

pmholopclmonof clampsia "gh ! dotheliosis™
ik N farged bloodless gl lus with
cbhlenﬁanoﬂhecaptﬂuylum.wmmllyno( accompanied
by p i capillary th i (Figure 4 Spargo et al, 1959;
Hussein and Lafayette, 2014). Initially, endothelial cell swelling
md&wptbud!hdrfmmmWImkﬁecm

of p ia seen in preeclampsia (Hussein and Lafayette,
2014). H there is i ing evidence that damage to
the podocytes, the vi | epithelial gl lar cell. is largely

ponsible for the i (Figure 4). In this context

pndoqmm(lnnofpodoqlainthem).alung;h«!dmgd

ends stage renal discase (ESRD) (LaMarca B.D. et al, 2008; Vikse
etal. 2008, 2012; McDonald et al.. 2010; Kattah et al., 2013; Wang
ctal, 2013).

As mentioned above, superficial placental implantation due
o nbnumul angiugmu- is the carly driving event for the
d of p The imbal b the pro-
lwnkVEGFand PIGE, and the antiangiogenic sFlt-1 and
sEng plays a central role in the pathogenesis of placental hypoxia,
as both VEGF and PIGF are essential for fetal and placental
angiogenesiss (Lam et al., 2005; Sison et al., 2010; Bertuccio et al.,
2014 Paue et IL 201y Rjn‘ et al, 2012; Veron et al, 2012).

olit di ks 5 vaalis

E d of giogenic sFlt-1 and sEng reduces

Cads aat ¥ F YIapop

and podocalyxi iced in preeclampsia, and even p d

the b 'Lllnyo(ﬁ'upm-anpw PIGF and VEGE by

the typical clu:nl features of ptudmpnn by several weeks
(Garovic et al, 2007ab, 2013; Aita et al, 2009; Zhao et al., 2009,
2011; Facca et al. 2012; Jim et al., 2012; Kelder et al., 2012; Wang
et al, 201Z Chen et al, 2013; Som et al., 2013). It should be
emphasized that these slit diaphragm proteins play a key role in
maintaining the integrity of the glomerular barrier (Kestila et al,
1998).

The end result of this disruption of the glomerular filtration
barrier and podocyte detachment is proteinuria (Figure 4; Spargo

binding and necutralizes VEGF and PIGE thus reducing the
availability of free VEGF for fetal and placental angiogenesis.
In comparison, the sEng & implicated in neutralizing TGF-
P, an anti-mflammatory growth factor (Roberts et al. 1989)
that activates eNOS (Phipps et al 2016). This imbalance leads
including in the kidney
(hulnunn ctal,, 2003; Vcnlule:haﬂ al., ZND).wh:n&Imptm
of slit diaphragm was reported {Garovic et al, 2007a; Henao
ﬂnl 2008; Zhao et al. 2009), as VEGF is essential for the

o : dothetial dysfu

et al, 1959 Craic: et al, 2013). In fact, there is a p
correlation between the grade of podocyturia and the ity

gl lar barrier (Baclde et al. 2007). Support
for the adverse effect of preeclampsia on glomerular barrier was

of proteinuria. One of the main di of the advers

ported by Henao et aL (2008). These authors demonstrated

renal gt of preeclampsia is ET-1 (Taylor ct al., 1950;
Mastrogs ct al. 1991; B et al, 1992; Granger et al,
2006; George and Granger, 2011. 2012 George et al, 2012
Verdonk et al, 2015; Davenport et al, 2016; Saleh «t al,
2016; Bakrania =t al.. 2017). Support for this notion is derived
from the observation that pre-eclamptic sera are not directly
toxic to cultured podocytes, but if the glomerular capillary
endothelium is exposed to sera from pre-eclamptic women it
ymdn:u podocytes damage via ETA recep btype (Collina

2008). Add:makun:vﬂmabnlumvdmld!‘l’-
lsyst:mmlhe hogenesis of 1 dysfi

lhnwhenlhmnpodocykcelllmcwasmmwwh
serum from with p disruption of CD2AP,
pobcmmdmmmww'hmwnrmmmd
pregnancy was added. Furthermore. the mean resistance value of
podocytes cultured with serum from women with preeclampsia
was significantly lower than podocytes cultured with serum from
controls. This effect is mediated by ET-1 release by endothelial
glomerular cells as preeclamptic sera induce nephrin shedding
from podocytes (Romero et al, 200¥). In this context, Elevated

ytndampnaauimmthtohemlwnﬂntpodxm g

levels of ET-1 ibodies to the angi in 11 type 1 receptor,
g tumor is factor o (TNFa) and interleukin-6 (IL-6) arc also
k d in pre- psia{Taylor et al, 1990; Mastrogiannis et al.,

and shedding can be p d by ETA blockers (George and
Granger, 2011; Verdonk et al, 2015 Bakrania et al. 2017).
Hm.inlhtluld«ld: Mhm«ideumdul

giogenic and anti angiogenic factors
ﬁaysaqudcmpodo:yl:mymy((kuburv et al, 1997; Fulton
et al, 1999; Robertson et al, 2003; Venkatesha et al, 2006;
Baclde et al.. 2007; Sison et al. 2010; Bertuccio et al, 2011;
Veron et al, 2012). This concept is supparted by the observation

it %

1991; Benigni et al., 1992; Granger et al, 2006; LaMarca B. et al.,
2008; LaMarca B.D. et al., 2008; George and Granger, 2011, 2012;
George et al, 2012).

Preeclampsia is commonly (but not always) accompanied by
new onset proteinuria (=300 mg/d) or worsening proteinuria
diagnosed after 20 weeks of pregnancy and generalized edema.
The latter is mainly due to primary renal retention of salt and
water despite the suppression of RAAS during preeclampsia due
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Endotheisal cells

| Endotholiol cefy

Endotheiial cells

sEng, mmmmmwnmmmmmmmwmum

Endotheiaat celhy Endotheliol cally

Endothebic! colly Endothelial arlly

to vasoconstriction. in contrast to its upregulation in normal
pregnancy, which is dnnctenu'd byvnodalmnn (Schrier, 1988).

options remained very limited, except for early delivery. The
current treatment options such as low Na® diet, diuretics,

Thus, the edema- F P P bles the “over- Ca®* supplementation, Vitamin C and E were ineflective in
£ill” ed clinical settings. Another ab ! lab y most cases (Jim and Karumanchi. 2017). Aspirin moderately
tests include ¢ d levels of urea, uric acid levels  reduced the incidence of preterm preeclampsia in high-risk
along hypocalciuria, d d urate jon, and proteinuri when given the drug at 11-14 weeks of gestation
unnl 36 weeks (Rolnik et al, 2017). Tha!(ort. there s unmet

NovelMedmsmaBased‘l‘herapeunco need for novel therapics to treat preecl For 1
Despite the rapid progress in und g the mech a token for unraveling the role ol’ lolublt vascular (Aclon in
derlying the pathog of preeclampsia. the preeclampsia. several new therapeutics have been developed that
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' 2 oot Iadi,

target imp factors, i g sFit-
1| (Figure 5 Sircar et al, ’l)l\. hm and Karumanchi, UIT).
Specifically, these strategies rely on correcting the angiogenic
b;luue. cither by prcmn(mg proangiogenic factors or by

adverse maternal or fetal consequences (Figure 5; Thadhani
et al, 2016). Additional approach for the reduction of sFit-1
applied proton pump inhibitors (PPls) in experimental model
of the discase, namely placental sFlt-1 transgenic mice and

bl lhouol prop Asomhned.bovn in vitro human primary placental tissue and HUVEC {Onda et al.,
sFlt 1 is involved in the he dy and p ¥ g ’OI/L Proton pump mhibnors (PP1s) decrease sFit-1 and sEng
changes ch. rizing preeclampsia such as hyp renal dothelsal dysfunction, dilate blood vessels,
dysfu and shall L (as the case in early-onset  decrease BP and exert idant and anti-infl y effects.

fampsia). Thus, elimi or red of the circulati The auth ‘L""!hall’l’lshlvtlbmpm:polmmlfor
Izveh of this d:klermus anti-angiogenic ﬁdnr below critical preeclampsia and other d ch helial
levels is supp to di the angiog imbal dysfi (Omnda et al., 2017). At the clinical level, PPI used by
Restoring bal 1l the clinical (430 in ber) was tated with decrease

L
u;nso(prndmnpsuuhnb«nconﬁmudmdmuulmd
experimental models of the disease (Bergmann et al, 2010).
In line with this assumption, an carly study in five women

msﬂl 1 (Saleh et al. 2017). Moreover, their plasma endoglin and
ET-1 levels were lower while sFlt-1 levels correlated positively
with both. These findings suggest that PPl may bear therapeutic

wiihm.eulymm lampsia has d "I!n.l P ial for p P although prospective trials are still
gatively charged d sulfate cellul I i warranted.
ugmﬁandydcmand!hephunakvcbofsmlmd In agr with their physiological role, replenishing the
the deleteri ions of the di g BP and mulm.ory levels of VEGE or PIGF exerted beneficial effects
proteinuria (Thadhani et al., 2011). & ingly, pregnancy was  in 1 p lamp Specifically, recombinant human
prolonged by 15-23 days in these ith b jal PlGF L the imbal holished

side effects on the mother or fetus. In agreement with these

hypcn:nnou and GFR impairment in a rat preeclampsia model

results, a recent study has d d that sFit-1 1 by d
more cfficient extr P ] 1 approach in 11 et al.
who suffered from severe. early preeclampsia reduced p

and prolonged pregnancy by 2-21 days depending on lhe numba
of courses underwent by the women, without causing major

d by reduced uterine perfusion pressure (RUPP) (Spradley
2016). Since 3-hydroxy-3-methyi-glutaryl-coenzyme A
reductase inhibitors (ualms) hm been shown to mhonl:
the signs of exy pr via 1 of
PIGF expression (Kumasawa et al. 201!). !h:ir zﬁcxy and

Novel therapeutic option

FIGURE B | Imovative approach for the elimination of the slevated ieveis of SFR-1 y aphemsis for the managoment of preeciampsia. The matemal biood fow
Trough columns, which contans artibodes agarst sFET m onder 10 remove 1 hom the coustion.
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safety for p of p are iy being In euly~on|¢l. pre-eclampsia there is clear evidence of
tested in two clinical I.rul: (Ahm«L 2011; and du ternal spiral artery son in early p

Cleary, 2013). Additional alternative to umc approaches & due to d hobl. and arterial r:moddm&
administration of VEGF 121, which was shown to alleviate resulting in lbcrnnl maternal-fetal interactions during early
ymp of preeclampsia including hyp and renal preg y and p | malperfusion. Oxidative stress of the
injury (p ria, glomerular endotheliosis) in experi | pl anmlhcmcmucdmnno(ﬂT—luxdradwod
model of the disease (Li « al, 2007). Co-administration PlGF and so lains the bi rker p The ab |
of adenovirus and VEGF in an sFit-1-induced model of giogenic ratios are subseq to the imp d pl

preeclampsia rescued endothelial dysfunction along reduction of  and not the cause of it, athnvummd:nc:lhalsl-‘l.’rm
free circulatory sFlt-1 by ~70% (Bergmann et al., 2010). Similarly, hoblast i ion. In in & t pre

chronic infusion of VEGF121 via osmotic minipumps dnrin' late  thereis slight redncuon in am:nal conversion and the phunlal
ge duced sFlt-1, GFR and endothetial fi perfusion is d or even i d. Therefore, there is
and red high BP in experi: I model of p 1 isch anly imal pl l stress and sFLT and PLGF secretion
(Li et al, 2007). I gly, in all the above d by the p mdmhmﬂmggﬁmmwhrh
studies administration of VEGF to sFit-1 geni 1} P the i y of pre-eclampsia, are now

caused reduction of sFlt-1 along imp

function (Bergmann et al,, 2010), Mdmnghthﬁemnlhsuggel
that VEGF121 may be a

of preeclampsia and its related complications, it dlould be

emphasized that such approach may increase the fetal weight
as the case in diabetic women, and may cause

of endothelial  though tohhmam:mcmﬂm«ﬁwmw
cudmxuhr disease, which i as pre-cclamp in
id le for induced stress.
'llms.sHt Iandingdomlmnﬂyubmnubﬁs ralha
they are resp "fotlhev, imbal, and g
desirable side dothetial dysfu P Jampsia. The new

cffects such as edema duc to its unselective binding to both
VEGFR-1 and VEGFR-2.
Although, experimental studies in anmmal models of

1theli

insights into the pathogenesis of lhu chmcnl condition mll
provide great opportunity to improve the care of
women before delivery and undoubtedly will lead 1 day to the

preeclampsia have shown that block
prevent the development of the discase (Sakh et al, 2016;

Bakrania et al.. 2017), clinical trials are still needed to validate

these p g findings. M it should be emphasized that
mbnhnnnglheangmxmmmlmmnthepenpbcnl
ions of the synd; but do not impact the underlying

pululogyo(ﬂuadywmnm.wchulhemleuhnm
changes in the spiral arteries. Hence, there a is danger of

:naunngmllmdu gh prolonging a preg y in which
F F is impaired
SUMMARY
Preeclampsia is a multifs ial clinical state that ad dy affects
almmulnulorpmnfpupammAﬂnlhalfccmwyd
g in g the molecular basis of the discase,
Ihthndcadzhn d great adv in the ch

of preeclampsia as evident by the discovery of wide battery of
novel biomarkers that allow early diagnosis of the discase and
prediction of the outcome.
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Abstract: Pre-eclampsia and eclampsia are two hypertensive disorders of pregnancy, considered
major causes of maternal and perinatal death worldwide. Pre-eclampsia is a multisystemic disease
characterized by the development of hypertension after 20 weeks of gestation, with the presence
of proteinuria or, in its absence, of signs or symptoms indicative of target organ injury. Eclampsia

ts the consequence of brain injuries caused by pre-eclampsia. The correct diagnosis and
classmcatmn of the disease are essential, since the therapies for the mild and severe forms of
pre-eclampsia are different. Thus, this review aims to describe the most advisable antepartum
pharmacotherapy for pre-eclampsia and eclampsia applied in Portugal and based on several national
and international available guidelines. Slow-release nifedipine is the most recommended drug for
mild pre-eclampsia, and labetalol is the drug of choice for the severe form of the disease. Magnesium
sulfate is used to prevent seizures caused by eclampsia. Corticosteroids are used for fetal lung
maturation. Overall, the pharmacological prevention of these diseases is limited to low-dose aspirin,
s0 it is important to establish the safest and most effective available treatment.

Keywords: pre-eclampsia; eclampsia; pharmacological therapy; pathophysiology; Portugal

1. Introduction

Pregnancy is characterized by significant metabolic and hemodynamic changes that begin early
in the gestational period. Major hemodynamic changes include an increase in the cardiac output
during the first trimester, sodium and water retention leading to plasma volume expansion with
a peak around week 30, and reductions in the systemic vascular resistance and systemic blood
pressure [1]. The reduction of the systemic vascular resistance is around 25% and is due to the increase
in vasodilating agents, like nitric oxide and prostacyclin production, and the decrease in the sensitivity
to norepinephrine and angiotensin [1]. The diastolic blood p begins to decrease from the
7th week of gestation, with a 10 mmHg decline between the 24th-26th gestation weeks, returning
to normal values during the third trimester [2,3]. These are some of the changes that can occur
during pregnancy. Hypertension is the most prevalent maternal complication worldwide (several
studies estimate that it affects 7-10% of all pregnancies) [4,5], and it is associated with a significant
morbidity and mortality of the mother and fetus. In fact, hypertension is the second largest cause
of direct maternal death worldwide (14% of the total) [6], and it is estimated that 192 people die
every day because of hypertensive disorders in pregnancy [7]. Pre-eclampsia and eclampsia are two
hypertensive disorders of pregnancy, considered as major causes of maternal and perinatal morbidity
and mortality [5]. These diseases affect between 3% and 5% of all pregnancies and account for more
than 60,000 maternal and 500,000 fetal deaths per year worldwide [§]. It is known that pre-eclampsia
and eclampsia are the hypertensive disorders that involve the most significant health risks for the
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pregnant woman and the fetus. In this context, it is imperative to evaluate whether all possible and
necessary measures are being taken correctly in terms of prevention, maintenance, and treatment of
the disease. Gathering pharmacological information from Portuguese and International guidelines,
the main purpose of this review is to describe the most recommended pharmacological treatments for
these two hypertensive disorders in pregnant women during the gestational and antepartum period.

2. Methods

A literature review was performed based on the analysis of guidelines and papers available on
PubMed. This search was carried out for pre-eclampsia, eclampsia, and for the pharmacological
therapy, using different combinations of several keywords, such as pre-eclampsia, eclampsia,
pharmacology, therapy, pregnancy diseases, pathophysiology, cardiovascular diseases (CVD),
pregnancy, and hypertensive disorders of pregnancy, only present in the title, the abstract, or both.
The search terms used were pre-eclampsia OR eclampsia AND pharmacology; pre-eclampsia OR
eclampsia AND pathophysiology; pre-eclampsia OR eclampsia AND therapy; pregnancy diseases
AND pre-eclampsia OR eclampsia; CVD AND pregnancy; hypertensive disorders of pregnancy
AND pre-eclampsia OR eclampsia. From all the articles retrieved, unrelated, inaccessible, duplicate,
and foreign language papers were excluded. The bibliographies of the articles used in this review
were searched for additional relevant citations. The search was emphasized for the last six years
(2011-2017), however, the results of the most important studies and those with greater relevance
for this review are described below, and a weight-of-evidence approach was applied. In addition
to PubMed, several documents and guidelines available from different national and international
hospitals and organizations were also analyzed.

3. Pre-Eclampsia and Eclampsia

Pre-eclampsia is a multisystemic disease characterized by the development of hypertension after
20 weeks of gestation in a previously normotensive woman, with the presence of proteinuria or, in its
absence, of signs or symptoms indicative of target organ injury [9]. The clinical signs involve multiple
organs, including the liver, kidneys, heart, lungs, brain, and pancreas (Table 1). These complications
can result in maternal and fetal adverse outcomes that can lead to intrauterine growth restriction,
placental hypoperfusion, premature placental disruption or, in most serious situations, termination of
pregnancy and fetal and maternal death [10,11].

This disease can be divided into mild and severe forms, according to the severity and
type of the symptoms presented. The mild form of pre-eclampsia is characterized by systolic
blood pressure (SBP) > 140 mmHg or diastolic blood pressure (DBP) >% mmHg, and proteinuria
>300 mg/24 h [12,13]. The severe form of pre-eclampsia is characterized by severe hypertension
(SBP > 160 mmHg or DBP > 110 mmHg), or severe proteinuria (>2 g/24 h), or signs and symptoms
of target organ damage [12,12]. Women with severe pre-eclampsia may present headaches, visual
disturbances (including blindness), epigastric pain, nausea and vomits, hepatic and renal insufficiency,
and pulmonary edema [14].

The incidence of pre-eclampsia is also explained by several risk factors (described in Table 2),
that include maternal age under 20 years old or over 40 years old, history of pre-eclampsia,
previous hypertension, autoimmune diseases, and obesity [15,16]. A woman is at moderate risk
for pre-eclampsia if she has no more than one risk factor (Table 2); a woman is at high risk for
pre-eclampsia if she has two or more risk factors for the disease [12,16]. According to this classification,
the clinician will consider the prescription of low-dose aspirin to the patient (this will be discussed
further in the results).

On another strand, a surprising discovery was made consisting in the demonstration that smoking
protects pregnant women from developing pre-eclampsia [17], since smoking enhances the expression
of ligands of the vascular endothelial growth factor (VEGF) family, which regulate the differentiation
and survival of cytotrophoblasts, leading to normal uterine invasion [15]. Nonetheless, it is still not
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recommended that pregnant women smoke, since smoking is a risk factor for several complications
during pregnancy, namely miscarriages, placental abruption, preterm delivery, and reduced birth
weight [15].

Table L Signs and symptoms of pre-eclampsia per organ system.

Systems Signs/Symptoms

Headaches

Central Nervous system Visual disturbances

Seizures (eclampsia)
Proteinuria

Renal system am e
Hypertension

Vascular system Severe hypertension

Chest pain

s Dyspnea
Cardiorespiratory system Low o ikttt

Pulmonary edema
Abnormal liver function
Hepatic system Epigastric pain

Nausea

Hemorrhage

H. tologic syst . Cmsulatmlfnpm:ma\l 1o

Shock

Table 2. Summary of risk factors for pre-eclampsia.

Risk Factors for Pre-Eclampsia e B References
hospholipid d 9.72 (4.34-21.75)
Rclahw rlsk of pnachmpsu 7.19(5.85-8.83)
Previous pre-eclampsia 7.19(5.85-8.83)
Diabetes mellitus (type 1or IT) 356 (2.54-499)
Multiple pregnancy 293(2.04-4.21) 1161
First pregnancy 291 (1.28-6.61)
Familiar history of pu-«hn\psia 290 (1.70-4.93)
BMI > 35 Kg/m” 2,47 (1.66-3.67)
Maternal age <20 or >40 years old 1.96 (1.34-287)
Chronic hypertension 1.38 (1.01-1.87)
Chronic autodmmune disease 69(1.1423) 119}
Venous thromboembolism (VTE) 22(13-37) 120}
Intergestational interval >10 years Similar to multiple pregnancy 121}
Chronic kidney discase 1.70 (1.30-223) * 1221
* Values for odd ratio.
Ecl ia rep ts the ¢ e of brain injuries caused by pre-eclampsia. It is defined
as pre-edampsa with the abrupt developmm! of seizures or coma during the gestational period or
post-partum, non-attributable to other logic di that can justify the convulsive state (namely

epilepsy or cerebral stroke) [9]. Eclampsia is the rarest [23] and most severe [24] of all the hypertensive
disorders of pregnancy, with a high maternal and fetal mortality [25].

Pre-eclampsia is associated with several complications not only during pregnancy but also in
postpartum period. A broad diversity of studies has demonstrated that women who had pregnancies
complicated with pre-eclampsia have, throughout live, a greater risk and incidence of cardiovascular

202



|. Candicoasc. Dev. Dis. 2018, 5,3 d4of13

diseases, with an adjusted hazard ratio of 2.1 in a 95% confidence interval of 1.8-2.4 according to Ray
and collaborators [26-25], major cardiovascular events, such as myocardial infarction (with an adjusted
hazard ratio of 13.0 in a 95% confidence interval of 4.6-6.3), stroke (with an adjusted hazard ratio of
14.5 in a 95% confidence interval of 1.3-165.1), or heart failure (with an adjusted hazard ratioof 83 in a
95% confidence interval of 4.2-16.4) [29], and hospitalization related with cardiovascular events [30].
Children born from women who had pre-eclampsia during their pregnancies are also at a greater risk
for cardiovascular events during their lifetime [31]. Other studies demonstrated an elevated blood
pressure and body mass index in these children [32]. Therefore, pregnancy can be considered as a
window for the future health of women and their children.

1t is known that, currently, the only definitive cure for pre-eclampsia is the delivery of the fetus,
and available therapies for this disease only have symptom management purposes [5]. For these
reasons, it is of major importance that the pharmacological prophylaxis treatment is as effective and
safe as possible to prevent severe forms of the disease and pre-eclampsia evolution to eclampsia,
thus allowing the correct development and maturation of the fetus without risking the mother’s health
and well-being.

4. Pathophysiology

Although it is a well-studied disease, the pathophysiology of pre-eclampsia remains uncertain.
Several key features are thought to have a role in the development of pre-eclampsia, which is mainly
considered as a vascular disorder. The most probable causes for this disease are a failure of trophoblast
invasion leading to a failed transformation of the uterine spiral arteries, and an incorrect deep
placentation [33]. Trophoblasts are the first cells that differentiate from the fertilized egg, they form the
outer membrane of the placenta, and are responsible for the nutrients and oxygen exchange between the
mother and the fetus [13,24]. Also, decidual natural killer (NK) cells can regulate trophoblast invasion
and vascular growth, two essential processes in placental development [35]. An abnormal expression
of NK cell surface antigens and a failure in the regulation of NK cell cytotoxicity and cytokines or
angiogenic factors may be some of the causes of pre-eclampsia [36], resulting in a high-flow and
high-pressure state [13,37,35]. Consequently, there is a high risk for ischemia-reperfusion injury of the
placenta because of the vasoconstriction of the maternal arteries, which will lead to the formation of
reactive oxygen radicals and further endothelial dysfunction [13,38,39]. Thus, pre-eclampsia can be
related with the excessive release of some mediators by the injured endothelial cells.

The excessive soluble fms-like tyrosine kinase (sFlt)-1 or endoglin and the reduced free placental
growth factor (PIGF) constitute another hypothesis for the pathogenesis of preeclampsia, namely,
the angiogenic imbalance [34]. When sFlt-1 levels, which is a variant for PIGF and VEGF, are increased
there is an inactivation or decrease of PIGF and VEGF concentration, resulting in endothelial
dysfunction [24]. In the case of endoglin, which is a surface coreceptor for the transforming growth
factor p (TGFP) family, soluble endoglin (sEng) binds to endothelial receptors and inhibits several
TGFp isoforms, resulting in a decreased endothelial nitric oxide (NO)-dependent vasodilatation [40].
Vascular endothelial cells collected from pre-eclamptic women or exposed to serum from pre-eclamptic
pregnancies produce less NO than endothelial cells from normal pregnancies [41—43]. Akar et al.
demonstrated that agonist-stimulated NO production is reduced in isolated umbilical arteries [43,44].
Other studies also reported a decrease in agonist-stimulated NO production in umbilical and hand
vein endothelial cells derived from pre-eclamptic pregnancies, concluding that the production of NO
is compromised also in the maternal systemic arterial and venous vasculature, and not only in the
maternal uterine and umbilical vasculature [42,45-47].

Prostacyclin (PGIz), another potent vasodilator, is decreased in pre-eclamptic women. This could
be due to impaired endothelial Ca®* signaling [42,43] and to the inhibition of PGIz production by
reactive oxygen species (ROS) [43,45]. It is still unclear the role of endothelium-derived hyperpolarizing
factor (EDHF) in the vascular pathogenesis of pre-eclampsia, however, EDHF-mediated vasorelaxation
is reduced in vessels from pre-eclamptic pregnancies [47,49,50].
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A subset of women with pre-eclampsia have detectable autoantibodies against type-1 angiotensin
11 receptor (AT;) in the serum [51,52] which can activate AT; in endothelial cells, vascular smooth
muscle cells, and mesangial cells from the kidney glomerulus. AT; autoantobodies have been shown
to induce hypertension, proteinuria, glomerulus capillary endotheliosis, increased production of
sVEGFR-1 (soluble Vascular Endothelial Growth Factor Receptor) and sEng, and to stimulate the
synthesis of NADPH oxidase. These combined actions lead to oxidative stress, increased production
of thrombin, fibrinolysis defect with fibrin deposition, and finally to an anti-angiogenic state [11,53,54].
Pre-eclampsia has also been associated with thrombocytopenia [55]. In fact, the role of platelet
activation in pre-eclampsia has been evidenced through several features, including increased platelet
size and reduced lifespan, increased maternal plasma levels of platelet factor 4 and  thromboglobulin,
increased production of thromboxane B2 by platelets, and thrombi formation in the microcirculation
of several target organs [11]. As it was mentioned before, PGI2, which has vasodilator actions and
inhibits platelet aggregation, is decreased in women with pre-eclampsia, while thromboxane A2 is
increased, leading to vasoconstriction and platelet aggregation. These will lead to vasospasm and
platelet consumption, which are characteristic of pre-eclampsia [11]. Another important feature
in pre-eclamptic women is the excessive thrombin generation. This may be due to different
causes (endothelial cell dysfunction, platelet activation, chemotaxis of monocytes, proliferation
of lymphocytes, neutrophil activation, or excessive generation of tissue factor in response to the
activity of proinflammatory cytokines) ending in the deposition of fibrin in several organ systems [11].
Other factors have been implicated in the pathogenesis of pre-eclampsia, including genetic,
environmental, and lifestyle factors. Genetic and environmental factors regulate several components
that determine the susceptibility of a woman to the disease, like the predisposition to hypertensive
disorders, autoimmune diseases, or diabetes (these factors predispose for pre-eclampsia) [11].

On the other hand, excessive weight (body mass index >35 Kg/m?) is an important risk factor for
the disease, with a relative risk of 1.96 in a 95% confidence interval of 1.34-2.87 [16,56]. Several studies
have focused on the measurement of different biomarkers for pre-eclampsia, including maternal body
mass index, concluding that overweight and obesity are among the most important risk factors for
pre-eclampsia, with an attributable risk percent of 64.9% when compared to women with a normal body
weight [1,57,55]. However, the mechanisms by which obesity increases the incidence of pre-eclampsia
are still to be discovered, nonetheless, several hypotheses have arisen. It was proposed that maternal
obesity may reduce cytotrophoblast migration and uterine spiral arteries remodeling, leading to
placental ischemia. Also, obesity promotes the increase of circulating antiangiogenic factors and
proinflammatory pathways by placental ischemia, leading to the reduction of vascular NO levels and
the increase of peripheral resistance, which may lead to the development of pre-eclampsia. Obesity
is not by itself the promotor of pre-eclampsia, but other metabolic abnormalities are mandatory for
obesity to increase the risk pre-eclampsia [59].

Figure | summarizes the pathophysiology of the disease.
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Figure L. Prop d hanism for pre-eclampsia and eclampsia.

5. Pharmacological Therapy

For the prevention of pre-eclampsia, the only effective therapy that is currently known is low-dose
aspirin. Some international guidelines, including those from the World Health Organization (WHO),
have reported that, from 12 weeks of gestation until delivery, a dose of 75-100 mg of aspirin should be
prescribed [56,00]. However, some studies demonstrated the benefits of this therapy only in women at
high risk for the disease, in whom aspirin reduces the risk of preterm pre-eclampsia and the incidence
of severe pre-eclampsia [61,62]. More recently, Tong et al. concluded that the aspirin dose should be
greater than 100 mg and that, according to a study performed by Meher and collaborators, starting the
aspirin after 16 weeks gestation is still beneficial to prevent pre-eclampsia [63,64].

One of the guidelines used in a Portuguese hospital also suggests the intake of aspirin (100 mg) by
pmgnan!wommthmnnﬂunu\enskfactorll"l Other preventive , including

o, fish oil suppl tation, and vitamins C, D, and E supplements, have been proposed
bul faxled to demonstrate a real benefit and receive consensus within the scientific community [65].
Calcium supplementation is related to a reduction in the risk of pre-eclampsia and in preterm
birth [66]. It is most effective in populations where dietary calcium ingestion is low (<600 mg/day,
which can occur in some low—and middle-income countries)—in these cases, WHO recommends a
daily supplement of 2 g of calcium per day [66,67]. Regarding lifestyle interventions, several studies
found no benefits in sodium restriction, diet interventions, and regular physical exercise [62,68].
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The correct diagnosis and classification of the disease is essential, since the pharmacological therapy
for the mild and severe forms of pre-eclampsia are distinct. The management of mild pre-eclampsia is
intended to prevent the evolution to severe pre-eclampsia, to establish the timing of delivery, and to
evaluate fetal lung development. In the case of severe pre-eclampsia, the objectives are the prevention
of eclampsia (seizures), a rigorous control of blood pressure, and the planning of delivery. The most
recent studies failed to prove the benefits of an antihypertensive therapy in pregnant women with
mild pre-eclampsia in which the blood pressure is between 140/90 mmHg-150/100 mmHg: in these
cases, medical surveillance is the only recommended measure [10]. Most guidelines, including some
used in Portugal, follow this advice, suggesting that an antihypertensive therapy should be initiated
only if SBP > 150-160 mmHg or if DBP > 100-110 mmHg [12,65,69,70].

1t should be noted that angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor
antagonists (ARA) should be avoided during pregnancy because of their teratogenic effects [9,12].
Also, it is important to avoid sublingual drug formulations, since they induce a rapid antihypertensive
effect and can cause hypoperfusion of maternal target organs and potentially impair uteroplacentary
circulation [65].

6. Mild Pre-Eclampsia

First, it is important to differentiate first-line and second-line therapies. The first-line therapy
is the one accepted as the best treatment for the disease. This therapy can also be called induction
therapy, primary therapy, and primary treatment. The second-line therapy is the treatment that is given
when the primary treatment does not work or stops working. For this disease, oral alpha-methyldopa,
250 mg (2-3 tablets/day) or oral nifedipine, 30-60 mg in slow-release forms (once daily) can be
considered as first-line treatment. Nifedipine is a calcium channel blocker described as a safe, effective,
and nonteratogenic drug [7,71]. Alpha-methyldopa is an a-adrenergic receptor agonist which is also
an effective and safe drug in pregnancy, but the fact that it needs to be taken more than once daily is a
disadvantage with respect to nifedipine. In Portugal, alpha-methyldopa is also used as a valid and
safe alternative to the calcium channel blockers like nifedipine, being used as second-line therapy for
mild pre-eclampsia [12]. The NICE (National Institute for Health and Care Excellence) and NHS (National
Health Services) guidelines recommend oral labetalol for mild pre-eclampsia, since this drug is the only
antihypertensive drug approved in United Kingdom for pregnancy [65]. However, other consulted
guidelines recommended intravenous labetalol only for the severe form of the disease. Table 3 states a
proposed pharmacotherapy for mild pre-eclampsia.

Table 3. Proposed ph therapy for mild pre-eclampsia.
Mild Pre-Eclampsia
Blood Pressure <150/100 mmHg Blood Pressure > 1507100 and <160/110 mmHg
Expetisnt imamgritcal. The pocs) Firstline Second line
«  Rigorous control of
blood pressure e Nifedipine per os, slow-rekase o Methyldopa per os, 250-500
o Bedmest forms, 30-60 mg once a day }Jﬁmpad.ly(ml!-lgll'xy)
Evaluate the necessity for (breakfast), max 120 mg/day o Atenolol per os, 30-100 mg /day
baspital admission

7. Severe Pre-Eclampsia

Because of the elevated risks that this form of the disease implies for the pregnant woman,
it is recommended immediate hospital admission and continuous monitoring. The antihypertensive
therapy should be started promptly, and the clinicians should check for signs of imminent eclampsia
(if needed, they should start a prophylactic anticonvulsive therapy) [56]. The recommended first-line
therapy, which is agreed by the several national and international guidelines analyzed, is intravenous
labetalol [12,65,70]. The infusion should start with a bolus of 20 mg in 2 min, followed by doses
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between 20-80 mg every 10 min (maximum cumulative dose: 300 mg) until the blood pressure is
<150/100 mmHg. The normal maintenance dose is 6-8 mL/h. The objective is to maintain the blood
pressure under the referred values [65]. Labetalol is an al- and f-adrenergic antagonist, safe to use
during pregnancy in situations of severe hypertension. This drug should not be used if the patient has
asthma; altemnatively, oral nifedipine, 10-20 mg in immediate-release forms, can be used. Intravenous
hydralazine can also be used if the pregnant woman is refractory to either labetalol or nifedipine [12].
In Table 4, the proposed pharmacotherapy for severe pre-eclampsia is reported.

Table 4. Proposed phar herapy for severe pre-eclampsi
Severe Pre-Eclampsia
First Line Second Line
Labetalol Nifedipine Hydralazine

o Initiste bolus 20 mg IV (2 min)
Repeat doses of 20-80 10 i
b min (max cumulative ::::‘g mg) o 10-20 mg, immediate-release : ::;Sﬁvf,“::n; min,
e Maintenance dose: 6-8 ml/h (adjust fGcns (neves o until 20 mg total
by 2-12mL/h ding to B Maintenance dose: 2 h
patient’s evolution) from a = -
concentration of 1 mg/mL

8. Eclampsia

The anticonvulsive therapy is the most important therapy for eclampsia (Table 5).
The recommended drug to use is intravenous magnesium sulfate. The infusion should start with a
bolus of 4-6 g in 20 min, followed by a maintenance dose of 2-3 g (rate of 50-75 mL/h of 50 mg/mL
in a physiologic solution or glucose solution). The therapy must be maintained for 24 h after the last
convulsive state, or post-partum [12]. During the administration of this drug, it is important to control
systemic magnesium levels to avoid any pmblems related to hypermagnesemia (in extreme cases,
this can cause muscle paralysis And diorespiratory arrest), therefare, clinicians must constantly

itor the respiratory fre y, diuresis, and patellar reflexes [9]. Although not universally accepted,
intravenous duupam can be used as an altemah\e This drug is related to greater fetal and maternal
mortality and should only be used if the pregnant woman is refractory to magnesium sulfate [60].
In Portugal, several hospitals follow this treatment with diazepam only when magnesium sulfate is
contraindicated [12,24,60,70].

Table 5. Proposed ph therapy for eclampsia prophylaxi
Eclampsia
Magnesium Sulphate
Loading Dose Maintenance Dose “Booster” Dose (If Necessary)
o . e 23glv
e 46glVslowinfusion Q0min) g o¢ 10 mL ampoules (50 mg/mlL) gt
o 2-30f 10 mL ampoules in 1000 mL of physiclogic o 2g1V, slow infusion (10 min)
(20 mg/mL) in 100 ml of solution or glucose solution e 10f10 mL ampoule (20 mg/mL)
pliysiclogic schitic e Ferfusion at 50-7SmL/h, SRSl it
e Perfusion at 200-300 mL/h maintain for 24 h after birth o
after last seizure
1f magnesis Iphate i indicated or if the patient is refractory to this treatment:

DuupmSmgl\'lSml repeat until max dose (20 mg).

1t should be noted that, besides the anticonvulsive therapy, an antihypertensive therapy similar to
the one recommended for severe pre-eclampsia is mandatory.
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9. Corticosteroids

The use of corticosteroids has great importance in the successful outcome of pregnancy, since
it helps the correct development of fetal lungs and is neuroprotective for preterm fetuses [72].
This therapy is especially useful and important in premature newboms, since it reduces the respiratory
discomfort and insufficiency in the newbomn and improves the fetal outcome [56,70]. Corticotherapy is
therefore recommended to a pregnant woman between 24 and 36 weeks of gestation, for whom delivery
is probable or planned in the next seven days (maximum) (see Table ) [56,70]. The corticosteroids
most commonly used are intramuscular (IM) betamethasone and intravenous (IV) dexamethasone.
These two drugs have very similar security and efficiency indexes [56,70].

Table 6. Proposed pharmacotherapy for fetal lung maturation.

Corticostercids for Fetal Lung Maturation

Corticotherapy should only be recommended if:
Gestational age between 24 and 36 weeks
Birth is planned or likely to happen in 7 days (limit)

Betamethasone Dexamethasone

12 g IM., 2 doses with a 24 h interval. 10 mg IV, 2 doses with a 24 h interval.

10. Conclusions

The different guidelines available for the management of pre-eclampsia and eclampsia are not
completely consensual in their content. The pharmacotherapy presented in this review is based on the
recommendations from various guidelines for the disease, Portugnese and International. At present,
the clinician’s experience and the patient’s symptoms and response to treatment are still the most
important factors that determine the drug prescription.

Pre-eclampsia is still a serious threat, mainly in underdeveloped countries where its incidence
and mortality rates are higher. In these countries, there is an urgent need in health policies to promote
the proper care of women who suffer from this disease and to inform the populations about the alert
signs and symptoms, and the risks of pre-eclampsia. In developed countries, the incidence of the
disease has increased in the past years, but the negative outcomes for the mother and the fetus have
decreased, as a result of the continuous improvement in hospital care and follow-up.

Apart from low-dose aspirin, there is still no effective preventive measure for all forms of
pre-eclampsia, and the pharmacological management of the disease is the most important factor
for the patient's and the fetus’s well-being. Slow-release nifedipine is the most recommended drug for
mild pre-eclampsia, alongside with alpha-methyldopa. For the severe form of the disease, labetalol is
the recommended drug, being nifedipine and hvdralazine the alternative drugs. For the prevention
of seizures from eclampsia, magnesium sulfate is the drug of choice, and, in this case, although
there is no established standard of care at this time, it is possible to use diazepam as an alternative.
The administration of corticosteroids for fetal lung maturation has proven advantages in the fetal
outcome and is recommended in pregnant women that are predicted to have a preterm delivery.

The importance of prescribing the correct therapy in pre-eclampsia and eclampsia is vital for
mother and fetal outcomes, and all the hospital's professional healthcare team (nurses, clinicians,
pharmacists) have the responsibility to promote the correct use of the recommended drugs.
Thus, we can conclude that, although there is no national guideline that allows a standardized and
uniform treatment in all Portuguese hospitals, the guidelines developed and followed by these same
hospitals go according to some international guidelines. However, there are still many d.]SClEPanL‘E
as has been mentioned, and it would be worth adding a guideline whereby the professional healthcare
team could be guided for a better health and prognosis of the patients.
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