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Abstract 

This article discusses the importance and effectiveness of viscoelastic hemostatic assays (VHAs) in assessing 

hemostatic competence and guiding blood component therapy (BCT) in patients with postpartum hemorrhage 

(PPH). In recent years, VHAs such as thromboelastography and rota- tional thromboelastometry have 

increasingly been used to guide BCT, hemostatic adjunctive therapy and prohemostatic agents in PPH. The three 

pillars of identifying hemostatic competence include clinical observation, common coagulation tests, and VHAs. 

VHAs are advantageous because they assess the cumulative contribution of all components of the blood 

throughout the entire formation of a clot, have fast turnaround times, and are point-of-care tests that can be 

followed serially. Despite these advantages, VHAs are underused due to poor understanding of correct technique 

and result interpretation, a paucity of widespread standardization, and a lack of large clinical trials. These VHAs 

can also be used in cases of uterine atony, preeclampsia, acute fatty liver of pregnancy, amniotic fluid embolism, 

placental abruption, genital tract trauma, surgical trauma, and inherited and prepartum acquired coagulopathies. 

There exists an immediate need for a point-of-care test that can equip obstetricians with rapid results on 

developing coagulopathic states. The use of VHAs in predicting and treating PPH, although in an incipient state, 

can fulfill this need. 
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Introduction 

Postpartum hemorrhage (PPH) is the leading cause of maternal morbidity and mor- tality throughout the world. 

Its prevalence has risen around the globe despite advancements in obstetric protocols for preventing and treating 

massive hemorrhage [4, 5]. Management protocols for diagnosing and treating PPH are characterized by heteroge- 

neous and conflicting definitions and classifications [6, 7]. For trauma, the classification of severity and definition 

of severe bleeding and resuscitation strategies are more straightfor- ward, whereas the definition of PPH is more 

ambiguous [8]. For example, many define PPH as blood loss >500 mL after vaginal delivery or >1000 mL after 

cesarean delivery [3, 6, 9]. The American College of Obstetricians and Gynecologists formerly used this definition 

but have updated their most recent PPH Practice Bulletin to define PPH as either cumu- lative blood loss 1000 

mL or blood loss accompanied by the signs and symptoms of hypovolemia, regardless of delivery route [10]. The 

Royal College of Obstetricians and Gynecologists classifies PPHs into categories of minor (500–1000 mL blood 

loss) and ma- jor (>1000 mL blood loss) [11]. Others define PPH as a fall in hemoglobin by 4 g/dL, the need for 

transfusion of 4 units, or the requirement of massive transfusion [12, 13]. Some consider secondary PPH to be a 

clinical diagnosis defined by excessive bleeding between 24 h and up to 12 weeks after delivery [10, 11, 14]. 

Another major limitation for predicting and treating PPH is that the amount of blood lost is difficult to assess and 

is often underestimated regardless of whether analysis is done clinically or with objective tools [13, 15]. Using 

markers of hemostatic competence as diagnostic adjuncts therefore has been proposed as a method to enhance 

the accuracy of classifying PPH [8]. 

A multidisciplinary consensus statement recently provided guidelines for patient blood management for clinical 

practitioners managing perinatal care. The statement recom- mends using common coagulation tests (CCTs) or 

viscoelastic hemostatic assays (VHAs) to guide goal-directed blood component therapy (BCT), hemostatic 

adjunctive therapy (HAT), and prohemostatic agents in PPH. CCTs include platelet count, prothrombin time 

(PT), activated partial thromboplastin time (aPTT), and fibrinogen level; VHAs include throm- boelastography 

(TEG) and rotational thromboelastometry (ROTEM) [8]. In recent years, TEG and ROTEM have increasingly 

been used to guide BCT and prohemostatic agents in PPH [16, 17]. The novel approaches for the use of VHAs in 

PPH derive from the strategies and guidelines commonly used in cardiothoracic surgery and trauma resuscitation 
[3, 18]. Assessment of hemostatic competence in PPH has three pillars: clinical observation, CCTs, and VHAs. 

There is no high-level data that suggests that any one method is bet- ter than the other [8, 11, 12, 16]. Clinical 

observation, the first pillar of identifying PPH, includes assessment of vital signs, quantification of blood loss, 

and identification of the source of bleeding via physical examination, at which time appropriate treatment and 

intervention may be initiated [10]. Clinical observation alone is potentially insufficient in that it creates variation 

of the definition of PPH and the diversity of the time period over which PPH evolves [6, 7]. The second pillar 
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involves using the CCTs to monitor hemostasis postpartum. The main advantage of this pillar is that CCTs have 

wide availability and a high level of quality control and reproducibility [16, 18]. However, laboratory tests with 

lengthy turnaround times may be limited in the context of rapid hemorrhage and will not reflect current 

hemostatic competence of the patient [8, 11, 19–23]. It has been well documented that PT and aPTT have low 

sensitivities for determining the existence of hypocoagulopathy [19, 24]. Fibrinogen levels determined by the 

Clauss method can show hypocoagulability sooner than PT and aPTT can, and ought to be used to supplement 

CCT monitoring of PPH [8, 11, 19, 25]. The final pillar uses VHAs to assess hemostatic competence. VHAs analyze 

the viscoelastic properties of whole blood and charts the entire process of clot formation from clot initiation 

through termination to fibrinolysis. In this way, VHAs have an advantage over CCTs in that they assess the 

cumulative contribution of all components of the blood throughout the entire formation of a clot [23]. VHAs also 

have faster turnaround times compared to CCTs and their correct application has been shown to decrease blood 

loss and blood product use in the postpartum period [8, 11, 23, 26, 27]. Expe- ditious turnaround time is vital to 

improve patient outcomes, particularly in patients with amniotic fluid embolism (AFE) who are at risk for an 

abrupt hemodynamic collapse [28, 29]. Furthermore, since VHAs are point-of-care (POC) tests, they can be 

followed serially at the patient’s bedside in labor and delivery room, operating room, and in the emergency 

department for precipitous emergency cesarian section such as abruptio placentae [30]. Although these tests have 

clear value for monitoring hemostasis, VHAs are chronically underused because of a local variability of 

pipetting technique in non-cartridge forms of TEG and ROTEM, standardization of parameters as well as a lack 

of large clinical trials demonstrating benefit [31–33]. 

 

Historical Challenges in the Application of VHAs for PPH 

Strategies for the use of VHAs to diagnose and treat PPH are derived from the literature that describes the use of 

VHAs in liver transplantation, cardiac surgery, and trauma. Important sentinel publications awaited long periods 

of gradual acceptance such that it was only in 1985 for liver transplantation and in 1999 for cardiac surgery that 

the first significant studies were completed demonstrating the advantages of POC VHAs in diagnosing 

coagulopathy and goal-directing BCT/HAT and prohemostatic therapy necessary for the prevention and 

treatment of hemorrhage in liver transplantation and heart surgery. Traumatologists waited from the first studies 

of 1997 until April 2012 when the total number of patients whose trauma resuscitation was guided by VHAs 

surpassed 1600. Five months later in September 2012, a single-center, retrospective study of 1974 patients 

confirmed the benefit of VHA-guided resuscitation for hemorrhaging trauma patients [34–47]. The use of VHAs in 

obstetrics has grown much slower compared to liver transplantation, cardiac surgery, and trauma. This delay 

may in part be due to the significant complexity of the definition of PPH. Additionally, the adoption of VHAs in 

the PPH treatment may also be contributed to the lack of established transfusion trigger values, which have only 

been published recently. A review of the timeline for the adoption of VHAs in trauma revealed a significant lag 

of approximately a decade which has been reproduced for PPH. This across the board delay in the use of VHAs 

to guide BCT and HAT has been commented on in the literature. However, the meteoric use of VHAs in the first 

year of the COVID-19 pandemic has been reported in 1417 patients as of April 2021. This rapid acceptance by 

the many specialists who care for COVID-19 patients reflects the decades long history of successful resuscitation 

in liver transplantation, cardiac surgery, and trauma. One can anticipate that the future of VHA-guided 

resuscitation for PPH will undergo a more rapid acceptance because of the expansion of VHA use into critical 

care during the pandemic. In 2013, the incidence rate of PPH was reported to be just under three percent in the 

United States [4]. PPH largely presents without any predictive signs and often in the absence of any predisposing 

conditions, therefore, all women are considered to be at risk for PPH. Because bleeding during and after 

childbirth is expected, healthcare practi- tioners are liable to overlook early signs of serious hemorrhage, 

endangering patients who will then be more likely to bleed for an extended period. Clinical observation alone is 

insufficient to keep abreast of such a rapidly evolving situation, which can result from a myriad of 

complications. For instance, the AFE-associated coagulopathy is diagnosed and treated in a totally distinct 

fashion than the less sudden coagulopathy associated with uterine atony, the most typical cause of severe PPH. 

The literature has described reference ranges for TEG and ROTEM parameters that have been endorsed by many 

institutions and obstetricians. Nonetheless, no internationally accepted values exist to allow uniform definition of 

triggers for diagnosing severe PPH or for standardizing BCT/HAT for patients with PPH. Headway is being 

made through the establishment of standards on the local level. Large studies have shown that VHA- guided 

goal-directed therapy results in better patient outcomes, specifically in patients with severe bleeding. Currently, 

the optimal strategy for identifying and treating PPH employs clinical observation, empiric blood management, 

CCTs with Clauss fibrinogen, and VHAs [8, 11, 12, 16]. The use of VHAs in predicting and treating PPH is in an 

incipient state similar to that of their use in trauma resuscitation more than a decade ago. 

Instructions for the identification and treatment of PPH using TEG and ROTEM pa- rameters differ considerably 

because of the paucity and heterogeneity among published studies regarding the use of VHAs to anticipate PPH 

and guide therapy. The three pillars of identifying PPH—clinical observation, CCTs, and VHAs—should be 

used concurrently to identify and treat PPH because its coagulopathy is complex and cannot be investigated 

through use of the CCTs alone. Studies have established a correlation between low fib- rinogen levels and the 

incidence of PPH, but the low sensitivity and long turnaround time of this CCT make it insufficient for guiding 

BCT/HAT in PPH patients. There is evidence in the utility of ROTEM in PPH as demonstrated by correlation 

between FIBTEM A5 and classical Clauss fibrinogen levels. 

http://www.educationjournal.in/
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FFP, Cryoprecipitate, or Fibrinogen Concentrate 

In PPH, fibrinogen is the first coagulation factor to diminish. Administration of sufficient fibrinogen to return 

levels to normal is needed to enable a recovery to hemostatic competence in severe PPH. It has recently been 

recommended that Clauss fibrinogen levels of around 300–400 mg/dL and a FIBTEM of >16 mm are required to 

reverse the hypocoagulopathy and maintain hemostatic competence in a patient presenting with PPH. When 

these parameters are met, no further blood components are likely needed to be administered. Preemptive 

treatment of fibrinogen to reduce the need for blood product transfusions in patients with PPH has been studied, 

specifically by Wikkelso et al. in 2015. In this randomized controlled trial of 249 patients, 2 g of fibrinogen 

concentrate were used as a preemptive treatment for patients who were initially normofibrinogenaemic and later 

developed PPH. No significant decrease in the administration of blood products for patients that experienced 

PPH was observe. Further studies have been proposed in order to determine the value of VHAs to diagnose and 

treat the coagulopathy due to PPH 

Regarding fibrinogen deficiency, there are three options available for correcting these deficiencies: FFP, 

cryoprecipitate, and fibrinogen concentrate. FFP has traditionally been the treatment used to replenish fibrinogen 

in PPH. Recently, studies have advocated for the early administration of fibrinogen concentrate or 

cryoprecipitate instead of FFP because FFP contains lower concentrations of fibrinogen than the plasma of a 

woman at term. FFP transfusion would then cause further hemodilution of fibrinogen. While FFP use may cause 

volume overload, the use of cryoprecipitate or fibrinogen concentrate does not. 

European studies have found that fibrinogen concentrate use resulted in a reduction of blood product use, 

particularly when using a VHA-guided algorithm. POC testing via VHAs enables obstetricians to focus both on 

volume of red blood cells and FFP for resuscitation and assess the levels of fibrinogen in PPH patients. For 

patients whose fibrinogen levels have risen to over 200 mg/dL and whose extrinsic thromboelas- tometry 

(EXTEM), a specialized form of ROTEM that focuses on the extrinsic pathway, clotting time is prolonged, FFP 

administration has been recommended to replenish vol- ume. This strategy relies on an understanding of how 

critical fibrinogen levels are in patients with PPH. Low fibrinogen level is an integral part of PPH coagulopathy 

as compared to that of TIC. This strategy also supports the EXTEM A5 and FIBTEM A5 as the two primary 

ROTEM parameters to be analyzed in patients with PPH. 

 

Prothrombin Complex Concentrate 

VHAs have been used to guide prothrombin complex concentrate for hemostatic resus- citation. It has been 

recently suggested that the administration of the prohemostatic agents Factor VIIa and desmopressin can be 

guided by VHAs in PPH patients. The discordant nature of guidance regarding the administration of 

prohemostatic therapy in patients with PPH is a function of the emergent state of the use of VHAs in peripar- 

tum management. The future of BCT/HAT and prohemostatic therapy in patients with PPH may lie in 

application of precision-based medicine in which therapy is dictated by hemostatic phenotypes and guided by 

VHAs. 

 

Platelets 

Platelet function in patients suffering from PPH has not been well described in the lit- erature. CCTs measure 

platelet counts but provide no information on platelet function. Standard VHAs are limited in their ability to 

detect platelet dysfunction; however, spe- cialized assays have been developed to be used in conjunction with 

standard VHAs to provide this information [3]. The TEG Platelet Mapping (TEG-PM) and other similar POC 

platelet function tests could enhance diagnoses, but their utilization in PPH has been limited. Additionally, non-

VET point-of-care platelet function tests such as Multi- plate and Verify Now P2Y12 can be used to detect 

platelet dysfunction. A recent study on peripartum management has proposed that the EXTEM A10, which 

exhibits the extrinsic pathway, and the FIBTEM A10, which exhibits the extrinsic pathway without the 

contribution of platelets, can monitor platelet function. The difference between the EXTEM A10 and FIBTEM 

A10 has been proposed as a parameter called PLTEM which is related to platelet activity. 

 

Tranexamic Acid 

Since the 2010 Clinical Randomization of an Antifibrinolytic in Severe Hemorrhage 2 (CRASH-2) Trial and the 

2017 World Maternal Antifibrinolytic (WOMAN) Trial, the use of prohemostatic therapy has been of increasing 

relevance. These RCTs found improved mortality when TXA was administered within 3 h of the start of 

bleeding due to trauma and PPH. Ensuing publications have identified variance in these conclusions, and for this 

reason, these trials have become a source of controversy. However, it has also been suggested that fibrinolytic 

parameters of VHAs are not reliable for guiding the administration of TXA in PPH patients. Therefore, more 

research needs to be done to determine if VHAs can be utilized to guide the administration of TXA in the 

context of PPH.  

It is important to note that when aprotinin thromboelastometry (APTEM), a specialized ROTEM assay which 

focuses on the effect of fibrinolytic enzymes, is used in conjunction with EXTEM, a normal MCF displayed on 

the APTEM when compared to an abnormal MCF on the EXTEM is indicative of hyperfibrinolysis and may 

warrant administration of TXA. 

http://www.educationjournal.in/
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1. Specific Pathological Entities in PPH 

Uterine Atony 

Pathological hemostasis predisposes women to PPH and therefore utilization of VHAs to define hemostatic 

derangement may prevent unanticipated bleeding. Phys- iologic postpartum hemostasis of placental blood flow 

depends greatly upon adequate myometrial contraction and mechanical compression of the spiral arteries. 

Uterine atony is the failure of this physiologic myometrial contraction in the immediate postpartum period and is 

the most common cause of PPH. Risk factors for uterine atony include multiparity, multiple gestation, history of 

PPH, prolonged labor, and placenta previa. When PPH is caused by uterine atony, it is common for women to 

not demonstrate early coagulopathy. Because of this, FFP should not be administered before the hemostatic 

competence of the patient is assessed because hemostatic impairment is improbable 

 

Preeclampsia 

Hypertensive disorders in pregnancy are a leading cause of maternal morbidity and mortality worldwide, second 

only to hemorrhagic causes. Preeclampsia and related hypertensive disorders (e.g., hemolysis, elevated liver 

enzymes and low platelets (HELLP) syndrome, eclampsia, etc.) cause hemostatic aberrancies which most often 

manifest as hy- percoagulability. Although the pathophysiology of preeclampsia is not agreed upon and may 

involve a genetic predisposition to thrombophilia, evidence suggests the etiology relates to abnormal 

placentation, lack of spiral artery remodeling, and subsequent uteroplacental insufficiency and trophoblast 

ischemia. The local apoptosis releases pro-inflammatory cytokines into the maternal circulation, provoking a 

systemic intravas- cular inflammatory response and endothelial dysfunction. As a result, preeclamptic mothers 

procure an immunothrombotic state characterized by increased thromboxane A2, increased platelet consumption, 

and increased acute phase reactants (e.g., throm- bin). Microthrombosis is routinely observed histologically in 

placentas and kidney biopsies of preeclamptic mothers, which likely explains the end-organ damage observed in 

this group 

In a retrospective Norwegian population study of 315,085 singleton births between 1999 and 2004, there was a 

significantly greater incidence of moderate (>500 mL) and exces- sive (>1500 mL) PPH in mothers who 

developed preeclampsia or HELLP syndrome. The thrombohemorrhagic manifestations of these disorders 

require better diagnostic and therapeutic methods to prevent maternal and fetal complications. TEG offers the 

therag- nostic potential to diagnose underlying coagulopathies and simultaneously guide blood products to 

provide safer peripartum care. Lidan et al. demonstrated that, compared to CCTs, TEG provided more accurate 

information on the coagulation status of preeclamp- tic patients. Moreover, TEG values significantly differed for 

mothers with mild versus severe preeclampsia, which has implications for earlier prediction of disease severity. 

Assessment of fibrinolysis is another advantage of VHAs over CCTs. A higher rate of fibrinolysis has been 

demonstrated in preeclamptic women compared to healthy pregnant women. In studies specifically with 

preeclamptic women, it has been suggested that preemptive use of fibrinogen concentrate guided by FIBTEM 

has reduced the need for blood components and lowered the risk of circulatory overload, which can cause serious 

harm to women with preeclampsia although no RCTs have been performed. 

 

Acute Fatty Liver of Pregnancy 

Decreased oxidation of fatty acid chains leads to increased concentration of fatty acids in maternal serum, 

potentially leading to acute fatty liver of pregnancy (AFLP). AFLP can lead to maternal coagulopathy as well as 

electrolyte abnormalities. AFLP may cause renal impairment which has exhibited severe changes in 

coagulopathy. AFLP can be challenging to assess as it does not resolve prior to delivery. Katz et al. mentions an 

unexpected discrepancy between a guideline international normalized ratio (INR) and two cases of AFLPs’ 

INRs. AFLP INRs in two women were reported higher than the accepted guideline INR. Even so, the prognosis 

has been improved by advances in critical care and urgent delivery. In treating the pathology, avoiding drugs that 

are potentially toxic to the liver and maintaining hepatic blood flow are paramount. FFP, platelets, and vitamin K 

are recommended treatments for coagulopathy caused by AFLP and the use of VHAs may improve prognosis. 

VHAs can be used to monitor hemostatic competence, manage coagulopathy, and reduce blood product waste in 

women with AFLP 

  

Amniotic Fluid Embolism 

AFE, a rare disorder in which amniotic fluid or debris enters the mother’s pulmonary circulation and causes an 

immunothrombotic response, may occur in healthy pregnant women in the second trimester of pregnancy, during 

cesarean section, or during or after vaginal delivery; additionally, it can occur during or after abortion or after 

abdominal trauma. AFE reactions can be classified as anaphylactoid reactions or complement activations to fetal 

antigens or idiosyncratic reactions, which are caused by a combination of immunologic and vasospastic factors. 

In AFE, disruption between maternal and fetal compartments causes consumption-coagulopathy, potentially 

leading to thrombotic ob- struction of small and midsize vessels, contributing to organ dysfunction. 

Simultaneously, this consumption of platelets and coagulation proteins results in thrombocytopenia and low 

concentrations of clotting factors, which may cause hemorrhagic complications. Observations in a case of AFE 

with sequential monitoring of blood samples suggest that fibrinolysis may precede coagulopathy. AFE has been 

shown to result from hyper- fibrinolysis, or complete clot lysis, in EXTEM but not APTEM tests. AFE requires 

expeditious diagnosis and aggressive management due to its high associated mortality. Because of this, CCTs are 

http://www.educationjournal.in/
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impractical in monitoring evolving hemostatic competence and informing clinical decisions. POC testing via 

TEG and ROTEM can be used for more timely administration of targeted blood products 

Some 80% of patients with AFE will develop disseminated intravascular coagulation (DIC), a life-threatening 

condition with a wide range of clinical manifestations which results in generation of microvascular thrombi, 

leading to multiple organ dysfunction and, occasionally, severe bleeding. DIC can be caused by an extensive 

range of clinical events, including AFE, severe preeclampsia, eclampsia, HELLP syndrome, and AFLP. In DIC, 

all anticoagulant pathways are functionally impaired. The mononuclear cells of the vascular endothelium express 

tissue factor, resulting in thrombin generation and subsequent fibrinogen to fibrin conversion, contributing to 

microvascular clot formation. As DIC is always secondary to an underlying condition, the most important 

component of treatment of coagulopathy involves the diagnosis and management of the underlying condition 

 

 
 

Fig 1: 35-year-old woman presenting with a cardiac arrest due to an amniotic fluid embolism during delivery. 

Patient required cardiopulmonary resuscitation and developed immediate disseminated intravascular coagulation, 

respiratory and renal failure which required ventilation and eventual dialysis. The fetus was successfully 

delivered by immediate cesarean section and the patient completely recovered. First thromboelastography tracing 

reveals no clot formation (A). Improvement over 2 (B) and 8 (C) hours were achieved by following 

thromboelastography-guided massive transfusion and use of HAT. Physiologic thromboelastography tracing is 

also depicted (C) Adapted from [29] permission from J. Extra Corpor. Technol., 2016. 

 

Placental Abruption 

Placental abruption is associated with significant incidence of PPH and a greater percentage of patients with 

placental abruption will progress to significant PPH. Recent studies have shown that FIBTEM A5, EXTEM A5, 

and EXTEM CT can predict estimated blood loss greater than 2000 mL. TEG has been used to guide BCT/HAT 

for abruptio placenta since 1997. Women with this pathophysiology have a significantly prolonged EXTEM CT 

and lower FIBTEM A5 compared to those with PPH from other causes. These women also have a more severe 

coagulopathy than women with PPH from other causes and require higher fibrinogen concentrate doses to 

resolve the coagulopathy. The use of ROTEM for these patients individualizes treatment and allows for selective 

use of fibrinogen concentrate which both improved clinical outcomes and decreased blood product use. 

 

Genital Tract Trauma and Surgical Trauma 

Genital tract trauma and surgical trauma are common causes of significant PPH. The most recent studies have 

demonstrated a great decrease in the use of FFP, a reduction of the markers of severe maternal mortality, an 

elimination of the incidence of transfusion- associated circulatory overload (TACO), as well as a decrease in 

ICU admissions for those patients with PPH whose BCT/HAT is guided by ROTEM 

Genital tract trauma occurs in about 10% of PPH cases and is associated with in- strumental delivery where the 

cervix or vagina is lacerated, or the uterus is distressed by delivery. After such a delivery, the obstetrician 

examines the genital tract and if there is evidence of trauma, or bleeding is demonstrated, ideally clot quality 

qualitative tests such as VHAs are used to guide BCT/HAT. In a prospective audit and retrospective extraction 

of data on major obstetric hemorrhage, ROTEM FIBTEM A5 was used to guide fibrinogen concentrate 

administration to 203 women experiencing PPH due to genital tract and surgical trauma including but not limited 

to uterine rupture and uterine inversion. When using the ROTEM-algorithm in this study instead of shock packs, 

there were signifi- cant decreases in rates of ICU admission, TACO, and morbidity. There was also a reduced 

usage of FFP from a median of 4 units to 0 units of FFP. The use of VHAs in these patients greatly improved 

clinical outcomes while guiding optimal use of blood products. 

http://www.educationjournal.in/
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During a Cesarean (C-)section operation and for as long as 6–10 h post-operatively, fibrinogen and fibrin are 

degraded, while plasminogen activators and fibrin degradation products increase. C-section rates have increased 

to as high as 25–30% in many areas of the world, but especially in developing countries, and as it is widely 

accepted that undergoing C-section increases the probability of PPH, it is becoming increasingly important to 

identify and implement effective prevention and treatment for PPH following C-section. One algorithm for the 

use of TEG in PPH including in C-section has been established for when blood loss exceeds 1000 mL. This 

sequence involves determining blood loss, obtaining baseline traditional labs, and then using TEG to monitor 

and guide treatment until bleeding is controlled. For these patients who had a C-section, early appreciation of 

hemostatic changes indicative of coagulopathy are helpful. To this end, TEG reference ranges have been 

established preoperatively and postoperatively in pregnant women undergoing C-section with spinal anesthesia 

compared to non-pregnant women. MA and alpha angle were found to be more elevated in pregnant women, 

while LY30 was found to be decreased in pregnant women compared to those who were not pregnant. Such 

parameters may be useful for physicians monitoring C-section patients at increased risk of PPH. 

 

Other Amniotic Anomolies 

Other etiologies of PPH such as adherent and retained placenta can be managed by VHA guided BCT/HAT with 

improvements in outcomes with reduction of the number of blood components administered Placental retention 

is a cause of major obstetric hemorrhage after delivery whose treatment has been guided by VHAs. Retained 

placenta specifically can go onto cause persistent uterine atony discussed previously. In a study of 45 women 

with PPH, 17 of which had placental retention, the use of TEG provided more rapid and imperative clinical 

information about the hematological changes occurring with the bleeding. The TEG tracings in this study 

showed faster initiating of clotting (causing consumption of platelet and clotting factors) denoted by a shorter R 

time, decreased fibrin clot strength as seen with a decreased MA and alpha angle, and depressed fibrinolysis 

demonstrated by a decreased LY30 in patients with PPH compared to those without. Indications for specific 

blood product therapy were also obtained at an earlier point in pathology progression compared to traditional 

blood testing making the use of VHAs advantageous over the more traditional laboratory tests 

 

Inherited and Prepartum Acquired Coagulopathies 

VHA guided BCT/HAT is utilized in pregnant patients who experience PPH and who have inherited or 

prepartum acquired coagulopathies 

Parturients with inherited disorders of coagulation are at an increased risk of bleeding following childbirth. 

Examples of such coagulopathies include but are not limited to Von Willebrand disease, Hemophilia A, 

Hemophilia B, and Factor XI deficiency. Von Willebrand factor (vWF) works to promote clotting by adhering to 

injured tissues and causing platelet aggregation. There are three types of Von Willebrand disease: type 1 is a 

deficiency in vWF, type 2 results from functional losses or gains of vWF and can be further complicated with a 

quantitative deficiency, and type 3 is when there is no vWF present at all. Normally in pregnancy, vWF levels 

increase, which can cause normal vWF levels in parturients who have type 1 disease, decreasing their risk of 

PPH. Pregnant patients with type 2 and 3 disease are still at risk for PPH, as type 2 parturients have a functional 

mutation in their vWF even if total concentration increases, and type 3 parturients lack an increase in vWF as 

they are unable to produce it regardless of childbearing status. VHAs are not sensitive to vWD; however, 

specialized TEG testing called ristoce-tin-enhanced TEG® with Platelet Mapping (TEG® P/M) can be used to 

assess vWD. Hemophilia A is a severe deficiency in factor VIII while hemophilia B is a severe factor IX 

deficiency. Females are much more commonly carriers of these diseases while their incidence in females is quite 

rare. Carriers, however, can still exhibit decreased levels of factor concentrations, putting them at an increased 

risk for PPH. Factor XI deficiency, also known as hemophilia C, is an inherited bleeding disorder that is most 

common among Ashkenazi Jews. The role of factor XI is not studied; however, its role appears to be both 

procoagulant and antifibrinolytic in nature meaning this disorder also puts parturients at an increased risk of 

PPH. All these inherited coagulopathies that women may have while pregnant, put women at an increased risk of 

PPH with any delivery type and having a rapid test that quantifies these more complicated clotting cascades is 

imperative. When bleeding does occur after delivery, whole-blood POC tests such as TEG and ROTEM have 

been used in these populations providing clot kinetics in real time that CCTs fail to provide. In addition, intrinsic 

thromboelastometry (INTEM), EXTEM, and FIBTEM have been successfully used to guide treatment in these 

patients with PPH. INTEM is a specialized ROTEM assay that focuses on the intrinsic pathway. These are 

additional types of ROTEM involving the addition of additives to isolate the function of the intrinsic clotting 

pathway, extrinsic clotting pathway, and fibrinogen respectively. 

Acquired coagulopathies are also a cause for PPH and include but are not limited to platelet disorders and 

fibrinogen deficiencies. Platelet disorders can result from hypertensive disorders, gestational thrombocytopenia, 

or idiopathic thrombocytopenic purpura. The two most important characteristics to consider in a pregnant patient 

with a platelet disorder are if the condition is dynamic or stable and if the platelet function in and of itself is 

normal or abnormal. TEG-PM involves the addition of adeno- sine diphosphate or arachidonic acid as an 

additional reagent and can be used to assess platelet function. The adenosine diphosphate and arachidonic acid 

isolate platelet function by causing platelet aggregation. However, given its novelty, it still needs to be validated. 

Once parameters have been established for TEG-PM, this technology will be an extremely valuable resource in 

diagnosing and guiding treatment for patients who acquire platelet disorders along with their PPH. The 

http://www.educationjournal.in/
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association between a VHA-based fibrinogen concentration and the traditional Clauss fibrinogen measurement is 

still under investigation; however, a pooled analysis by Peng et al. showed a correlation plot where a Clause 

fibrinogen value of 1.5 g/L equated to a TEG-Functional Fibrinogen (TEG-FF) MA of 12 mm. This plot did 

contain wide dispersion of experimental points and may have overestimated fibrinogen concentration for 

numerous reasons including platelet inhibitor use, high platelet count, and specific test used to run analysis. 

While anticoagulant use is not exceedingly common in pregnancy, the use of low-molecular-weight heparin has 

begun to increase in use owing to the fact that fifty percent of deadly thrombotic events in patients are due to an 

inherited thrombophilia. 

 

Discussion 

The incidence of PPH is on the rise. However, the circumstances under which massive transfusion protocols are 

initiated are not well defined. Blood loss during childbirth is generally not well estimated, making it a difficult 

criterion to use. Beyond that, the recognition of “secondary PPH” poses a challenge as the timing is different 

from that of classic PPH. Finally, the CCTs used to anticipate potential need for massive transfusion are not 

dependable, nor are they suitable for a POC context. With the identification of the downfalls of the current 

standard of care CCTs, there has been an upsurge in literature regarding the use of VHAs for identification and 

treatment of PPH. Most of this new information has been derived from trauma literature, which has utilized 

VHAs for several decades. Table1provides a chronological description of significant studies excluding reviews 

covering the use of VHAs for PPH resuscitation. 

The current strategy for managing patients with PPH combines the use of clinical prediction guidelines, CCTs, 

and VHAs. These protocols are used to define and treat PPH. The coagulopathy present during PPH cannot be 

satisfactorily categorized by CCTs alone. Low fibrinogen levels have been correlated with the development of 

PPH, but CCTs are not reliable or timely enough for sole use in identification or as guidance for treatment in 

those situations. In other circumstances involving hemorrhage, such as trauma, the same has been found to be 

true, leading to adoption of the use of VHAs for better information and guidance of treatment. With the 

development of literature in the field of trauma, obstetrics has begun to utilize similar strategies by including 

VHAs to help recognize and treat PPH. Whereas there has been impressive advancement within the trauma 

literature, that which has been created by obstetricians has not shown as dramatic an expansion. While TIC will 

reliably present within seconds to hours following the inciting event, the different etiologies of PPH have varied 

presentations and timeframes. In cases of AFE, coagulopathy is more immediate and severe than in patients 

experiencing hemorrhage due to uterine atony; however, both patients require timely recognition of their 

pathology recognized by VHAs. There will be continued research into the application of TEG and ROTEM for 

PPH. This paper has served to outline the history of VHA research and its application in the field of obstetrics. 

We predict an increase in the evidence supporting the use of VHAs as their benefits to patient care and outcomes 

in obstetrics become more apparent, leading to implementation within the global clinical setting. Already there 

has been a significant evolution of using VHAs to reduce the incidence of massive postpartum hemorrhage as 

demonstrated by the most recent publication of the seminal experience of the national quality improvement 

project entitled: Reduction in massive postpartum haemorrhage and red blood cell transfusion during a national 

quality improvement project, Obstetric Bleeding Strategy for Wales, OBS Cymru: an observational study. 
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