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Objectives 

1. 1.Lessons learnt from confidential inquiries & 

other fields of medicine 

2. 2. HAEMOSTASIS Algorithm 

3. 3. Medical Management 

4. 4. Surgery  - Conservative techniques – no 

coagulaopathy or + correction 

5. 5. Surgery – Invasive techniques 

6. 6. Determinants of treatment - General   

condition/ blood loss & coagulopathy  

7. 7. Recent advances 

 

 

 



CONFIDENTIAL 

ENQUIRY INTO 

MATERNAL DEATHS 

  
     TOO LATE > TOO LITTLE 

 

Too Late (PG, resuscitation - 

blood replacement, decision 

for surgery + to get senior 

surgeon & anaesthetist 

involved)  

 

Too Little (IV fluids, oxytocics, 

BLOOD, Clotting factors) 

 

 



IMPORTANCE OF HAVING A NORMAL Hb% 











  Alogrithm for management of Atonic PPH  

‘HAEMOSTASIS’ 

 H - Ask for Help 

 

A - Assess vital parameters & blood loss and 
Resuscitate – (Rule of 30) 

 

 E -Establish Etiology + Ecbolics 
(syntometrine, ergometrine, bolus syntocinon) 
+ Ensure availability  of blood.  

 

M -Massage Uterus – bimanual compression  

 

O -Oxytocin infusion / prostaglandins (PGs) - 
intravenous / per rectal /   intramuscular / intra-
myometrial   



Alogrithm for management of Atonic PPH  

‘HAEMOSTASIS’ 

  S - Stabilise Clotting, anti Shock Garment  & Shift to 
theatre – Aortic compression/ Bimanual compression 

 

 T - (4 T’s) Tissue/ Trauma/Tone/Thrombin > Tamponade 
– Balloon / uterine packing (Fibrin concentrate) 

 

 A - Apply compression sutures – B- Lynch / modified/ 
+/- Balloon 

 

 S - Systematic Pelvic devascularisation – Uterine / 
Ovarian / Quadruple / internal iliac  

  I - Interventional Radiology – If   appropriate, Uterine 
artery embolisation/ Internal iliac artery ligation 

 S - Subtotal / Total abdominal hysterectomy 

 

Chandraharan E & Arulkumaran S 

 



Modified Early Warning Score (MEWS), 

Rule of 30,  

 Shock Index 

 30% blood loss >moderate shock 

 Pulse rate – increase >30 bpm 

 Respiratory rate >30/min 

 Systolic BP – drop by 30 mm Hg 

 Urinary output < 30 ml/hour 

 Haematocrit drop > 30% & to be kept at an absolute value 
of > 30 

 

 Shock Index = Pulse rate / Systolic BP – Change  by 30% 

    Normal = 0.5 to 0.7  : In pregnancy SI 0.7 to 0.9; 

    >0.9 indicates state of shock that needs urgent 
resuscitation 







Developed by King’s College London, 

Prof. Andrew Sheenan, Hannah Nathan, 

Natasha Helzegrave 

CRADLE/Microlife - Traffic Light Vital Sign Alert 

(VSA) 

  
Range    Syst      Dias          Traffic 

Light 

 

Severe Shock                    Red LED will 

flash 

                                            Arrow down 

BP V. high >160  >110     Red flash 

arrow up 

                                           constantly 

 

Shock      <160                 Yellow flash – 

Arrow                               Flashes down 

                                             

BP High  >140     >90     Yellow flash 

                <160     <110   Arrow up - 

const 

BP norm<140     <90      Green 

constantly 

 & No shock                      No arrow 

 

 

 
 

 



UPTO 30% BLOOD 

VOLUME LOSS 

CRYSTALLOIDS 

 

>30% - Consider 

BLOOD AND  

PLASMA 



Emergency Trolley 

PPH. Eclampsia 

Endotracheal tube 

 Laryngoscope 

Essential drugs 

Crystalloids, giving sets, haemacel 

Emergency protocols 

GENERAL MANAGEMENT 

 

Increase inspired O2 



Large bore IV cannulas (gauge 14 x 2) 
 

Increase perfusion of tissues 

Crystalloids –      2L Hartmmann’s  

1.5 L colloids (upto 30% blood loss) 

>30% - Blood & Plasma 

Blood – O2 - 98% by  

Hb  (>7 gms) 

 
Increase inspired O2 

  

No filter – one way valve 

Needle free connector 

 

Pressure –  

Height of fluid bag/ Pressure bag 

 



Cannula Characteristics 

Gauge       Colour code       Catheter O.D. mm   Catheter length    Flow rate ml/min 

 

14 14             Orange                2.10                         45                           240 

 

15 16            Grey                     1.74                          45                          180 

 

16 17           White                     1.4                           45                           125 

 

17 18           Green                    1.2                           45                            80 

 

18 20           Pink                       1.11                          32                           54 

 

19 22           Blue                       0.80                          25                           31 

 

20 24           Yellow                    0.60                          19                           13 

 

21 26           Dark Blue              0.60                           19                           13 

22    



Clinical RCT’s Vs Prospective studies 

Duration of contraction – syntocinon; ergometrine; 

Duratocin; Syntocinon infusion; PG 



Why Misoprostol 

 

Synthetic analog of prostaglandin E1 

800 ug sublingually - FIGO 
 

• Shelf life of several years if kept in their aluminum 

blister packets 

• Low cost 

• Sublingual route – for rapid absorption 

• Being selective for the PGE1 receptors: no clinically 

significant effects on bronchi or blood vessels, hence 

fewer systemic side - effects → ‘has been used in 

patients with underlying diseases such as asthma or 

cardiovascular disorders’ 
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Bimanual Compression 
PRINCIPLE BEHIND THE NEED FOR SUSTAINED  

CONTRACTIONS OR PRESSURE for 8-10 minutes - 

SUFFICIENT TIME – TO ALLOW UTERINE VESSELS TO CLOT* 

Balance between clotting and fibrinolysis 

At times fibrinolysis is greater – stabilise clots 



  

Tranexaemic Acid  

?Imbalance between clot formation & lysis or  

rapid flow of blood that dislodges the clots 
 

Used extensively in Scandinavian Countries 

 

1- 2 gm IV just prior to any surgery 

+ post open heart surgery 

 

Stabilise the formed clot but  

does not promote clotting 

 

 

 

 

Trials – prophylactic use in El CS  

– RCTs show reduced blood loss 
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Tranexamic Acid  
ANTIFIBRINOLYTIC AGENT  

• Antifibrinolitic agent that prevents clot 

breakdown by blocking lysine sites on 

plasminogen molecules   

• Can be used when there is a RISK of hemorrhage 

• Inhibits fibrinolysis with no effect on clotting 

parameters  

• Use in trauma patients within 1 hour reduces risk 

of death by 1/3 rd (RR 0.68 95% CI 0.57-0.82)  

Lancet 377 (9771):1096 PMID 21439633 
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Tranexamic Acid  
LSTMH - double-blinded RCT with 20,000 women to determine 
effect on death and hysterectomy + other morbidities  

 

No clear direction as to whether it should be used widely until  
trial results are available   

Shakur et al Trials 2010;11:40 

  

 

Administer Tranexamic acid early to injured patient at risk  

of substantial bleeding 

Plasma and clotting factors will treat clotting but not clot lysis 

One gm IV in 100 ml in 10 mins followed by 1 gm over 8 hrs 

 
Gruen RL, Reade MC =BMJ 24’th Nov 2012 p-46-47 
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Non-Inflatable Anti-Shock 

Garment 



ANTI-SHOCK GARMENT 

‘Squeezes more blood  

from periphery + Pressure  

on uterus’ 

Blood pressure becomes recordable 

 and veins become visible &  

palpable to establish IV lines 
 

 Courtesy - Suellen Miller 
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Internal Uterine Tamponade 

Need to place it before  

coagulopathy sets in 

 

 

Takes 5 to10 minutes 

 

Junior staff or midwife  

can perform the procedure 

 

Results known immediately 

 

Tamponade Test – prognostic 

& Therapeutic 



TAMPONADE TEST 

Therapeutic & Prognostic 

with severe PPH 

Stomach balloon 

Oesophageal 

balloon 

Condous G, Arulkumaran S et.al.  

Obstetrics & Gynecology. 2003 

  

Sengstaken, 

Rusch, 

Cookes/ Bakri, 

Condom 

Rubber glove 

EBB baloon 

 

Volume varies 

Pressure not an 

issue –  

mechanism of  

Action? 



B- LYNCH COMPRESSION SUTURES 



MODIFIED VERTICAL  

COMPRESSION SUTURES 

Cornu 

Fallopian tube 

Ovary 
Hayman R, Arulkumaran S, Steer P 

Obstetrics & Gynecology. 2002 



L 

Lower segment 

through and through  

vertical sutures should  

reduce bleeding in cases 

of placenta praevia 
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Hypogastric Artery Ligation 



Point of ILA 

ligature 

RADIOLOGICAL INTERVENTION –  

EMBOLISATION 









Conservative Surgical Treatment for PPH 
Effectiveness – No coagulopathy 

Method No of Cases Success rates 

B-Lynch + other 
Compression sutures 

 

94 90.4% 

Arterial embolization 218 91% 

Arterial ligation 264 83.7% 

Uterine balloon 
tamponade 

135 83.7% 

Doumouchtsis S, Papageorghiou A, Arulkumaran S.   Obstet Gyne Survey  2007 

 



Massive PPH - Surgical Techniques 

Near Miss Enquiries - Scotland 

Use of Balloon techniques – 6 in ’03; 42 in ’06 

Compression sutures – 10 in ’03;  24 in ’06. 

Over 4 years; 106 balloon techniques - 95% 

success rate; 76 brace sutures – 83% success 

rate 

 Peripartum hysterectomy – 15% in 2003; 8% in 

2006 

Avoidable delay in diagnosis & management –8% 

 Failure to follow protocol/plan – 6% 

 



THE GOLDEN HOUR 

 

As more time elapses between the point of 

severe shock and the start of 

resuscitation, the percentage of surviving 

patient decreases (metabolic acidosis) 

 

The “Golden Hour” is the time in which 

resuscitation must begin to achieve 

maximum survival – with arrest of bleeding 





PPH Coagulation disorders 

‘Wash Out Phenomenon’ 

DIVC- FDP inhibits clotting 

“Washout phenomenon” (Consumptive) - 

the coagulation factors are consumed 

and washed out at the site of bleeding 

The ‘Consumptive’ is the major 

phenomenon that prevents arrest of 

haemorrhage cf DIVC 

Laboratory tests/ Use of thrombo-

elastograph -TEG 



Reason for Excessive  

Uncontrolled Bleeding 

Consumptive coagulopathy 

Excessive fibrinolysis   

Dilutional coagulopathy - haemodilution 

Hypothermia – slow enzymatic process of 

clott. cascade + impaired platelet function 

Multi-transfusion syndrome – Depleted 

platelets and clotting factors 

Metabolic changes – acidosis + citrate 
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Does Military Experience Translate to  

Civilian (Trauma Center) Life 

• 1. Mortality declined from 65% to 20% in 

casualties receiving > 10 units PRBC in 24 hours 

IF FFP to PRBC ratio 1:1 vs 1:4 

 

• 2. Of 2746 surgery patients, 135 (4.9%) received 

> 10 units PRBC + FFP  

• When FFP:PRBC ratio 1:1, mortality 26%; if ratio 

1:4, mortality 87.5% (P=0.0001) 

• RR mortality significantly greater for those 

receiving ratio 1:4 vs 1:1 

Duchesne et al J Trauma 2009; 65:272-6  
  
 



Massive Blood Transfusion protocol 

Massive Blood Transfusion Protocol 

OR The use of fibrinogen  

concentrate to correct  

hypo-fibrinogenaemia  

rapidly during obstetric  

haemorrhage 

 

Bell S – Int J Obstetric 

 Anaesthesia  2010 

Not licensed for use in the UK 
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Therapy with rfVIIa 

• Initial dose 40–60 mcg IV 

• If bleeding continues >30min repeat 

• Can repeat 3-4 times more at 15-50 min 
intervals 

• If response inadequate after 200 mcg 
recheck preconditions for 
administration 

 
These recommendations based on complete review of use of this 

drug in PPH by  

S. Sobieszczyk and GH. Breborowicz, 2006 



Mechanism of Action 
 

Action at site of vascular injury  

-needs tissue factor> 

FVII-TF complex directly activated 

F IX > F IX a   

F X > F Xa 

 

TF – VIIa complex initiates  

coagulation via F V 

Prothrombin > Thrombin 

Fibrinogen > Fibrin 

Stable fibrin plug 

 

 

 

 

 





rVII a in Obstetric haemorrhage –  

NZ & Australia Registry  

Phillips et.al. Anaesth Analg 2009 

 1 PE & 1 DVT – no mortality 

 

North European Registry 2000-2004 

Obs Gynae 2007; 110; 1270-78 

4 TE, 1 MI, 1 SR 

 





Int J Gynaecol Obstet. 2011 May;113(2):152-4.   

Outcome of the management of massive postpartum 

hemorrhage using the algorithm "HEMOSTASIS” 

Varatharajan L, Chandraharan E, Sutton J, Lowe V, Arulkumaran 

S.  St George's University, London, UK.   

 

 

OBJECTIVE: 

To evaluate whether the algorithm "HEMOSTASIS” was of value 

in the systematic management of postpartum hemorrhage 

(PPH). 

METHODS: 

A retrospective analysis was performed of all women who 

experienced massive primary PPH (blood loss >1500mL) in 

2008  (5.400 deliveries) at St George's Hospital, London, UK.   

 
 

http://www.ncbi.nlm.nih.gov/pubmed?term="Varatharajan L"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Varatharajan L"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Varatharajan L"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Varatharajan L"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Chandraharan E"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Sutton J"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Lowe V"[Author]


RESULTS: 

114 cases of massive primary PPH (2.1%)  

Hemostasis was achieved in 63 (66.3%) women via use of 

additional oxytocics ("O");  

19 (20.0%) via suture of tears and  

10 (10.5%) via tamponade ("T");  

1 (1.1%) via application of compression suture ("A");  

1 (1.1%) via systematic devascularization ("S"); and  

1 (1.1%) via subtotal/total hysterectomy ("S").  

There were no maternal deaths. 

 

CONCLUSION: 

The decremental pattern of more complex interventions used 

demonstrates that the algorithm provide a logical 

management pathway to reduce blood transfusions, 

hysterectomies, admissions to intensive care units, and 

maternal deaths. 



The ebb Complete 

Tamponade System 



 

Control of Postpartum Hemorrhage Using  

Vacuum Induced Uterine Tamponade 

 

Jan Segnitz MD, Yuditia Purwosunu MD,  Wydiastuti 

MD, Amelia Degenkolb MS, S. Arulkumaran MD 

  

 



Figure 1. InPress Technologies device, an innovation that aids in 

postpartum uterine contraction. 



An occlusion balloon, built into the device shaft, was inflated at the level of 

 the external cervical os, to create a uterine seal. The distal end of the device 

 was attached by standard suction tubing to a regulated suction source with 

 a one-liter collection canister, and set at 70-mmHg vacuum. 

Results: The suction created an immediate seal at the cervical os,  

50 -250 ml of residual blood was evacuated from the uterine cavity into the 

 vacuum canister, the uterus collapsed and regained tone within minutes,  

and hemorrhaging stopped in all cases. The device remained in place while 

 vaginal and perineal lacerations were easily repaired. The device was left in 

 place for a minimum of one hour, and in our study, up to 6.5 hours. 

 





Uterine activity after intravenous 

injection 

Oxytocin Carbetocin 

Onset of action < 1 minute ~ 1.5 minutes 

Duration of rhythmic 

contractions 
8 minutes 60 minutes 

Carbetocin has a long duration of action 

Carbetocin rapidly returns uterine tone 

Data compiled from Sweeney et al, 1990; Hunter et al, 1992; Ferring data on file 



• Carbetocin reduces the risk of major blood loss by 
more than 50% compared with oxytocin 

 
p=0.05 

58% fewer  
patients 

with blood loss 
>500 mL with Carbetocin 

versus oxytocin 45 

19 
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Trials Coordinating Centre, Room 180 
London School of Hygiene & Tropical Medicine 

Keppel Street, London WC1E 7HT 
 

Tel +44(0)20 7299 4684, Fax +44(0)20 7299 4663 
Email: thewomantrial@Lshtm.ac.uk 

 

 www.womantrial.Lshtm.ac.uk   
 



Other (7%)

Placenta
praevia/accreta (9%)
Surgical
trauma/tears (18%)
Unknown (1%)

Uterine atony (64%)

Primary cause of haemorrhage 
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[PERCENTAGE] 
(346) 

3% 

4% 

5% 

9% 

2% 5% 

Bleeding

DIC

Pulmonary
embolism
Sepsis

Organ failure

OTHER CAUSES 

Amniotic fluid embolism 

Anaesthetic 

complication 

Aspiration pneumonia 

Blood transfusion 

reaction 

Diabetic ketoacidosis 

HELLP syndrome 

Uremic encephalopathy 

Unknown 

All deaths 483 

Cause of death 



Death by days since randomisation 
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81% 
([VALUE]) 

11% 

 7% 
1% 

Cause of hysterectomy 

All causes (n=709) 

 

Bleeding 
Abnormally adherent placenta 
 

Ruptured, damaged or 
infected uterus 
 

Other 

1020 women had a hysterectomy – 311 done before randomisation 
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Synergy of TXA/Thrombin/UBT  

In porcine and murine testing 

gas generating microparticles  

of CaCO3 with TXA  and thrombin  

self propel (through lateral  

propulsion, buoyant rise and  

convection) to the bleeding site  

and function hemostatically to  

halt hemorrhage for traumatic  

and intraoperative bleeding 

 

Model Concept would be to 

apply TXA/Thrombin/CaCO3 

to a UBT both to enhance drug  

delivery and apply physical  

Tamponade 

Baylis et. al, Self-propelled particles that transport cargo through flowing blood and halt hemorrhage 

Sci Adv. 2015. 



Now, about that drone……. 



Health facility orders 
blood via mobile 1 

Stork can carry up to 
1.0 kg in 75 km radius 3 

Stork drops package at 
health facility in 15-45 min 4 

Stork System:  Rapid, On-demand, Aerial Delivery 

of Blood/Uterotonics/Emergency Supplies 

Nest dispatches a 
Stork with package 2 

Ifakara Health Institute Tanzania & Romotive Inc. Pilot SLAB Grant  



Conclusions: Innovations Now and On the 

Horizon 
• Cradle/Microlife Traffic Light Vital Signs Device (SI):  

Early Warning Device can be used at any level of the 

health care system   

– Phone Pulse Oximeter (O2 Saturation)  

• Medications:  Carboprost, TXA 

• NASG to decrease bleeding, reverse shock, stabilize 

women until definitive care 

• Abdominal Compression Belt and Butterfly Device 

• In-press suction device 

• Variety of low cost intrauterine tamponade devices 

– DIY condom ; ESM-UBT Kit ; PATH/SINAPI UBT   

–  UBC: UBT + CaCO3/TXA/Thrombin model 

• Drones and solar power (blood banks) may bring blood 

transfusion capacity closer to where women bleed 



THANK YOU 



Prevention of PPH & Hysterectomy in patients with Morbidly 

Adherent Placenta: A cohort study comparing outcomes 

before & after introduction of Triple-P procedure  

N=11 N=19 

Teixidor Viñas, Mireia;  

Belli, AM;  

Arulkumaran, Sabaratnam;  

Chandraharan, Edwin;  

Saint George's Hospital,  



Approximately 15 million have PPH and  

75,000 die of PPH 



PPH causes number of deaths every day and most 

can be prevented by simple medicines, and  

conservative Surgical Techniques 

Total 800 + die every day = one every 2 minutes 

Due to PPH – one every 6 to 8 minutes 

In Low Resource  

Countries - deaths 

due to PPH are  

higher 



Conclusions: Innovations Now and On the 

Horizon 
• Triage   

– Cradle/Microlife Traffic Light Vital Signs Device (SI):  Early Warning 

Device can be used at any level of the health care system   

– Phone Pulse Oximeter (O2 Saturation)  

• Medications:  Carboprost, TXA 

• NASG to decrease bleeding, reverse shock, stabilize women until definitive 

care 

• Abdominal Compression Belt and Butterfly Device 

• In-press suction device 

• Variety of low cost intrauterine tamponade devices 

– DIY condom   

– ESM-UBT Kit  

– PATH/SINAPI UBT   

–  UBC: UBT + CaCO3/TXA/Thrombin model 

• Drones and solar power (blood banks) may bring blood transfusion capacity 

closer to where women bleed 



THANK YOU 



Phone Pulse Oximeter 

• Pulse Oximeter noninvasive, measures oxygen 
saturation by shining infrared light through the finger 
(measures redness of blood), low oxygen saturation 
in hypovolemic shock 

• The Phone Oximeter is a smartphone application 
which receives data in real time from a connected 
pulse oximeter 

• Minimal Training, <$50.00/unit 

• Developed at University of British Columbia, part of 
Global PRE-EMPT   Peter von Dadleszen & Laura 
Magee 

 



HYSTERECTOMY FOR PLACENTA ACRETA  

WITHOUT REMOVING THE PLACENTA 



SURGICAL VIEW 

BLADDER 

Prof Jose M Palacios Jaraquemada 

Extensive collateral  

circulation in the  

trigonal area. Each  

vessel had the thickness  

of the uterine artery 

 



Prof Jose M Palacios Jaraquemada 



Prof Jose M Palacios  

Jaraquemada 

 



AXIAL SLICE T2  

BLADDER 
MASSIVE 

TRIGONAL 

INVASION 

33 weeks - gross hematuria. Cystoscopy showed  hyperemic mucosa not being 

able to identify the site of previous bleeding 

 

Prof Jose M Palacios Jaraquemada 

 

EXTENSIVE BLADDER OR PARAMETRIAL INVASION 

CONSIDER CONSERVATIVE TREATMENT 

Prof Jose M Palacios Jaraquemada 

 



Triple P Procedure 

Pre-op placental  

Localisation & incision  

above placenta & deliv of 

baby 

Pelvic devascularisation 

Placental non separation 

& excision 

 
Edwin Chandraharan 

Director – Women’s 

Health Services 

St George’s Hospital 



Post Delivery 

Reduction of blood flow 

with inflation of balloon 

Excision of placenta with 

myometrium 

Compression sutures + 

Use of perclot 

Suturing of uterine wall 

Embolisation if needed 

 

 




