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Maternal mortality, which refers to deaths that take place within the time frame of pregnancy, childbirth, and the postpartum window afterward, is a commonly used indicator of the overall health of a population, especially in developed countries like the United States. The maternal mortality rate is the number of maternal deaths per 100,000 live births (Clark & Belfort, 2017). In the US, this rate has risen in the last thirty years, from a rate of 7.2 deaths per 100,000 live births in 1987 (Witcher & Sisson, 2015) to a rate of twenty-two deaths per 100,000 live births in 2014 (Clark & Belfort, 2017). This rate of maternal mortality is the highest among the developed nations of the world and almost four to five times higher than the best-ranked countries (Clark & Belfort, 2017). 
Both the rise in the incidence of maternal mortality and the current ranking compared to other developed nations is a cause for concern here in the US and therefore is indicative of problems with the whole of obstetric care in America.  However, there is still a need to directly address the problem of maternal mortality as a clinical issue. 
Postpartum Hemorrhage
Thromboembolisms, infections, hypertensive conditions such as pre-eclampsia or eclampsia, hemorrhage, and cardiomyopathy are the leading causes of maternal death in the US (Witcher & Sisson, 2015). Of all the previously mentioned conditions, postpartum hemorrhage (PPH) is not only one of the most common cause of maternal death (Bingham & Jones, 2012), it is also the most preventable cause of maternal mortality (Witcher & Sisson, 2015). Witcher and Sisson (2015) conducted a retrospective review of maternal mortality and found that deaths caused by postpartum hemorrhage had the potential to be prevented in ninety-three percent of the cases, which was the highest potential prevention rate of all the causes of maternal mortality (Witcher & Sisson, 2015). 
Even though PPH is one of the most common causes of maternal death, PPH is still only present at 2.9% of births in the US in a given year (Bingham & Jones, 2012), which means that when it does happen, it is very deadly. Even more worrisome is the fact that the number of cases of PPH has increased by 27.5% in a ten-year span (Bingham & Jones, 2012). I became very intrigued as to why a condition like PPH causes death so frequently, and yet has not only been deemed preventable in over ninety percent of cases reviewed retrospectively, but at the same time has also continued to increase in prevalence. Because I am about to become a bedside nurse that might encounter this condition, I was interested in learning more about PPH and if there is a need to update or change the recommendations or guidelines for treating and preventing PPH. This search led me to the research being conducted on tranexamic acid for the prevention and treatment of PPH, and its role in decreasing maternal mortality, which is the purpose of this paper. 
Definition of Postpartum Hemorrhage
The uterus is made up of a network of myometrium, or muscle fibers, through which the blood vessels pass. The contraction of the myometrium is the main factor in both placental separation and hemostasis, or stopping blood flow (Mousa & Alfirevic, 2007), due to the myometrium constricting the blood vessels. Additionally, there is a clotting factor increase throughout labor that helps to prevent blood loss, especially after the placenta separates. It is important to note that blood loss up to a certain point, most often regarded at 500 milliliters (mL), is physiologic and necessary in order to bring the mother’s blood level back within the normal range, a blood level that had increased by necessity during pregnancy (Mousa & Alfirevic, 2007). These physiologic changes are important to consider because they play a significant role in defining postpartum hemorrhage. 
Postpartum hemorrhage has the unique challenge of lacking a standard and universally accepted definition. The most widely accepted definition of PPH is 500 mL of estimated blood loss for a vaginal birth and 1000 mL of blood loss for a cesarean birth (Van de Velde, Diez, & Varon, 2015). These numbers were partially chosen because of the previously stated physiologic changes that occur during birth. However, from hospital to hospital, and therefore also within the realm of PPH research conducted across the world, there are many other accepted definitions of PPH, such as 800 mL for vaginal delivery or 1000 mL for both vaginal and cesarean births (Evensen, Anderson, & Fontaine, 2017). Other definitions include alternate cut-offs such as 600, 1000, or 1500 mL of blood loss (Mousa & Alfirevic, 2007). 
Why the Definition matters 
An immediate diagnosis of PPH is crucial in order to treat the condition before it becomes fatal. In a state-wide review conducted in North Carolina of maternal deaths for a five year period, twenty-one percent of the preventable cases of PPH with an identifiable cause were attributed to lack of care according to appropriate standards of care (Witcher & Sisson, 2015). This means that the care delivered, or lack of care, did not follow the guidelines for diagnosing and treating PPH, which could have been caused by the inability to accurately define and therefore diagnose PPH in time for it to be treated according to the standard of care. Therefore, the lack of a standard definition for PPH could be one of the reasons PPH is one of the leading causes of maternal death. 
Factors Affecting Prevention of PPH
Torre et al. (2011) assessed the preventability of postpartum hemorrhage and the most common preventable factors, which were found to be provider-related factors. These provider-related factors mainly consist of incomplete or incorrect management of PPH, and were found to be the most potentially preventable factor. This included a prompt diagnosis, which leads to immediate and correct treatment, and therefore heavily influences the preventability of PPH (Torre et al., 2011). The lack of a prompt diagnosis could be related to the aforementioned lack of a standard definition of PPH.
Looking further in the cases that were assessed for preventability factors, every single one of them had multiple factors identified from the same category or multiple factors from different categories, such as provider, system, or patient, which contributed to the preventability (Torre et al., 2011). This means that no single factor was ever solely responsible for causing the hemorrhage, but rather a cascade of factors led to the event. The most common type of provider factor was “delay in treatment”, which was present in seventy percent of the cases, and “delay in diagnosis” was present in forty-three percent of the cases (Torre et al., 2011). 
In contrast with Torre et al. (2011) and the findings from that study, Clark (2016) has a different hypothesis as to why preventable maternal deaths happen. Clark (2016) acknowledges that hemorrhage and maternal death are still rare occurrences and therefore clinicians do not have the opportunity to practice those decision-making skills on a regular basis, which could be a reason for Torre et al.’s (2011) findings. However, he believes that part of the reason preventable maternal death happens is not due to a lack of knowledge, appropriate tools, or skills on behalf of the clinicians, but rather that the staff are reluctant to shift from a happy birthing experience into crisis mode because they do not want to scare the patient immediately after the birth (Clark, 2016). While this is a hard hypothesis to test, there is certainly some truth and stereotype surrounding births that they are always a happy experience and therefore, Clark’s (2016) hypothesis may have some merit.
Diagnosis of PPH
Despite not fully knowing the reasoning behind the difficulty identifying and defining PPH, diagnosis of PPH itself is actually simple. The first step to diagnosing PPH is recognition and measurement of excessive blood loss, followed by a directed examination in order to determine the cause (Evansen et al., 2017), which then determines the treatment. Therefore, measurement and quantification of blood loss is essential and should take place throughout labor and delivery and into the postpartum period (Evansen et al., 2017).
In addition to the recognition of excessive bleeding, recognition of the early signs and symptoms of excessive blood loss is also important. Tachycardia is usually the earliest sign of PPH, and then possible orthostasis, hypotension, nausea, dyspnea, oliguria, and chest pain may also be later signs (Evansen et al., 2017). Once excessive bleeding is recognized and diagnosed, one approach to identifying the specific cause of PPH is to use the Four T’s mnemonic: Tone, Trauma, Tissue, and Thrombin (Evansen et al., 2017). 
Tone refers to uterine atony, which is when the uterus lacks tone and therefore is unable to contract the myometrium and stop the bleeding. Bingham and Jones (2012) found that the 27.5% increase in the incidence of PPH is most commonly caused by uterine atony despite no increase in the number of women with risk factors present, which could be because uterine atony is the most common cause of PPH.  If uterine atony is diagnosed as the cause, either bimanual compression of the uterus or uterotonics, which increase the tone of the uterus, are used for treatment (Evensen et al, 2017). Bimanual compression involves putting one hand inside the vagina and pressing against the uterine body while the other hand is placed on top of the abdominal wall, compressing the fundus (Evansen et al., 2017). 
Trauma refers to lacerations of the genital tract or hematomas, which are blood clots, due to birth trauma. This can also refer to episiotomy, which is when the clinician makes a cut in the wall of the vagina in order to assist the delivery by widening the opening. Smaller hematomas can be managed with ice and analgesics but larger clots may need to be evacuated. Other causes of trauma include uterine inversion and uterine rupture, both of which are very rare (Evansen et al., 2017). 
Tissue, the third cause of PPH, refers to retained placental tissue such as the placenta itself, fragments, or blood clots. The retained tissue prevents the uterus from being able to contract hard enough to achieve the necessary tone needed to prevent hemorrhaging. If the placenta or placental fragments are retained, manual removal is considered (Evansen et al., 2017).
Thrombin, the last T, refers to coagulation defects, which can be congenital or acquired. Diagnosis of thrombin as the cause can include a platelet count, measuring prothrombin time, or partial prothrombin time, or fibrinogen levels (Evansen et al., 2017). Treatment for this cause includes using anti-thrombolytic agents such as tranexamic acid, which is the subject of this paper. 
Risk Factors for PPH
It is also important, when immediate diagnosis increases the success of treatment, to be able to identify patients that are at a high risk of PPH before they give birth in order to have the necessary blood components and equipment at the bedside for the delivery (Miller et al., 2017). Miller et al. (2017) looked retrospectively at cases at a single hospital between 2014 and 2015 in which women experienced more than 500 milliliters of blood during birth. They then looked at the medical records of the patients for potential predictors of PPH. Results of the study indicated that women who had PPH were more likely to experience a longer first and second stage of labor, a higher maximum rate of oxytocin infusion, have received magnesium therapy, and underwent an episiotomy (Miller et al., 2017). 
There are also a number of additional factors that increase a woman’s risk of having PPH. Antepartum hemorrhage, augmented labor, chorioamnionitis, fetal macrosomia, maternal anemia, maternal obesity, multifetal gestation, preeclampsia and primiparity are all risk factors (Evensen et al., 2017). Labor induction had the strongest association, with a fifty percent increase in uterine atony, the leading cause of PPH, regardless of the method of the delivery (Bingham & Jones, 2012).
Looking at the breakdown of maternal mortality by race, data from over fifty years has shown that African American women in the US are three to four times more likely to die during the birthing process than all the other races (Bingham & Jones, 2012). The rate of Hispanic and Asian maternal mortality is similar to the rate of Caucasian women for unknown reasons. However, in a study by Tucker, Berg, and Callaghan, 3,318 were reviewed cases over ten years and it was found that African American women did not have a statistically significant higher rate of hemorrhage than Caucasian women but were at an increased risk of death if they did experience a hemorrhage (Bingham & Jones, 2012). The scope of this paper is not able to address the issues causing this inequality, but the information was pertinent to highlight.
Even though the knowledge of risk factors for PPH is important, the number of women with risk factors for PPH has not increased during the same time period that the rate of PPH has increased (Bingham & Jones, 2012), which leads to the question: What is causing the rate of PPH to increase which then has contributed to the increasing maternal mortality rate?  One theory is that the demographics of women giving birth has shifted in recent years. Compared to twenty years ago, women are having children at a much older age and have more medical co-morbidities (Bingham & Jones, 2012). These shifts in demographics could contribute to the increasing rate of PPH and maternal mortality because women who are giving birth are not as healthy as they were previously.
Additionally, risk factors are not always indicative of PPH, and often women with no risk factors still experience PPH during birth. Twenty percent of women who experience PPH have no risk factors (Evansen et al., 2017), which means that healthcare professionals still need to be prepared to diagnose and treat PPH at every birth. Therefore, because of the lack of ability to anticipate cases of PPH, timely diagnosis and treatment when and if a woman does experience PPH is important.
Treatment of PPH
When it comes to treating PPH, the treatment is categorical and cause-directed. Some treatment categories include uterotonics, hemostatic drugs, and surgical interventions, many of which will be mentioned in this paper. Van de Velde et al. (2015) discusses a step-wise approach to treating PPH, with the first-line treatment being manual and pharmacological interventions, then second-line treatment if the bleeding does not stop, and hysterectomy being reserved as a last resort. Examples of manual first-line treatments include placental tissue removal, massaging the uterus, and bimanual compression (Van de Velde et al., 2015). Examples of pharmacological first-line treatment include oxytocin, ergot alkaloids, methylergonovine, and carboprost. Second-line treatment includes surgical interventions such as intrauterine gauze tamponade, uterine compression sutures, or pelvic arterial embolization (Van de Velde et al., 2015). Hysterectomy is usually reserved as a last resort when the bleeding is not controlled by any other means.
Active Management of the Third Stage of Labor
When it comes to prevention of PPH, one of the most effective ways to achieve this is active management of the third stage of labor (AMTSL). The components of AMSTL are: administration of oxytocin soon after the anterior shoulder of the baby is delivered, controlled cord traction (CCT) in order to deliver the placenta, and then massaging the uterus after delivering the placenta (Evansen et al., 2017). These are all part of the first-line treatment for PPH. Systematically reviewed evidence states that AMTSL reduces severe PPH, which is characterized by this article as blood loss greater than 1000 mL or more, by up to two-thirds (Hofmeyr & Qureshi, 2016).
While controlled cord traction and uterine massage are the second and third parts of AMTSL, there is only some evidence that CCT reduces blood loss of less than 500 milliliters but not blood loss of 1000 milliliters. There is even less evidence that uterine massages are effective, and further research is needed (Hofmeyr & Qureshi, 2016). 
Uterotonics
Oxytocin, the most commonly used uterotonics, reduces the risk of PPH, which is defined in this article as blood loss of 500 mL or more, by fifty percent (Hofmeyr & Qureshi, 2016). Oxytocin is associated with less side effects compared to other uterotonics like ergometrine. One downside to oxytocin is that the uterotonics has to be refrigerated and can only be given through the parenteral route, which is most commonly intravenously or intramuscularly (Hofmeyr & Qureshi, 2016).
Misoprostol has been researched heavily in the last twenty years because it has the characteristics that oxytocin lacks: the ability to be heat-stable and to be given orally (Hofmeyr & Qureshi, 2016). However, as attractive of an option misoprostol first started out to be for those without access to refrigeration or healthcare professionals, a systemic review that included almost 60,000 women from seventy-eight studies found that there was no statistically significant difference between the maternal cases of the women that received misoprostol compared with the women in the control groups. The control groups included groups that used a placebo as well as other groups that used other types of uterotonics (Hofmeyr & Qureshi, 2016).
Other Treatments
Treatments explored by Hofmeyr and Qureshi (2016) are numerous and too extensive for our purposes but some are worth mentioning. Intravascular volume replacement is one the treatments. This involves placing at least one large bore IV needle in order to give a rapid replacement of volume using crystalline fluids until or if blood products are not available. Another type of treatment is hemostatic suturing when there is a traumatic source of bleeding, such as laceration to the genital tract. And lastly, the traditional treatment when PPH does not respond to other treatments is a hysterectomy (Hofmeyr & Qureshi, 2016).
Tranexamic acid (TA) is one of these treatments that up until the last ten years, did not have enough evidence in the obstetric world to be considered a safe and effective treatment for PPH. This rest of this paper will explore the current evidence for using TA as a prevention and treatment for PPH. 
Physiology of Coagulation
In order to understand how tranexamic acid works, one must first understand the coagulation process. When the coagulation cascade is activated, the compound thrombin is formed and then cleaves another compound fibrinogen into individual fibrin monomers (McCormack, 2012). The monomers are insoluble and therefore are able to form the hemostatic seal at the site of damage on the blood vessel, which prevents bleeding. This is the process that forms the clot and stops blood loss after the damage has immediately occurred (McCormack, 2012). 
There is another process the works simultaneously in opposition of the coagulation cascade in order to regulate the production of clots. This process is called the fibrinolytic system, which is activated when the fibrin monomer is deposited on the blood vessel wall and functions to keep the vessel itself open (McCormack, 2012). The process of fibrinolysis occurs, which is when the plasminogen inside the clot binds to an amino acid called lysine within the clot and in the presence of a tissue plasminogen activator, converts the plasminogen into plasmin (McCormack, 2012). The plasmin then degrades the fibrin in the clot into large pieces. Ultimately, these monomers of fibrin become soluble fibrin and can then be removed from the blood circulation (McCormack, 2012). The balance between these two systems, the coagulation cascade and the fibrinolytic system, are necessary in to maintain the clot long enough to prevent blood loss as the tissue repairs itself. Hemorrhage can occur when the clot is dissolved too rapidly, a process called hyper-fibrinolysis (McCormack, 2012).
Anti-fibrinolytic drugs can prevent hyper-fibrinolysis from happening by stabilizing the fibrin clot (McCormack, 2012). Fibrinogen plays a key role in the coagulation cascade and it has been suggested that decreased levels of fibrinogen occurring in the beginning of hemorrhage can be predictive of severe PPH later on (McCormack, 2012). Therefore, correcting fibrinogen levels immediately or early on during a hemorrhage is necessary and is associated with stopping or reducing blood loss (Van de Velde et al., 2015).
Fibrinolysis has been shown to activate early during childbirth and the amount of tissue plasminogen activator, which is what aids lysine in converting plasminogen to plasmin, has also been shown to double within an hour of birth. Because these physiologic factors and the findings from the study about surgery and trauma, tranexamic acid (TA) has been recommended by WHO as treatment for PPH if uterotonics do not work or the bleeding is due to trauma (WOMAN trial collaborators, 2017).
Tranexamic Acid Definition
Tranexamic acid is synthetic version of the amino acid lysine, and acts as an anti-fibrinolytic agent. The mechanism of action involves TA binding to plasminogen, stopping the plasminogen from interacting with fibrin and therefore prevents the fibrin clot from dissolving. And if the clot cannot dissolve, then the bleeding will not continue (McCormack, 2012). 
Tranexamic acid can cross the placenta and reaches concentration levels similar to the maternal levels in the body. TA can also cross the blood brain barrier and diffuse into the eye, but the concentration in the cerebrospinal fluid and in the aqueous humor only reach concentration levels of ten percent of the rest of the body (McCormack, 2012). Additionally, tranexamic acid is rapidly absorbed into the body and has a half-life of two to three hours. It can be administered and absorbed parenterally, orally, or topically (McCormack, 2015). 
While the placenta is delivered, the fibrinolytic system is activated and fibrinogen is rapidly degraded, caused by an increased amount of tissue plasminogen activator. This state can last anywhere from six to ten hour postpartum, which can often be the cause of hemorrhage (Novikova & Hofmeyr, 2015). This is why TA could work to reduce blood loss during the third stage of labor and during the early postpartum period. TA could also be particularly effective for preventing bleeding due to factors other than uterine atony because uterotonics would not be effective in these cases (Novikova & Hofmeyr, 2015). 
TA Uses and Indications
Tranexamic acid has been around for many years and has a number of uses indicated besides its use in preventing and treating PPH that will be explored in greater depth in this paper. Tranexamic acid has been used in the past to reduce blood loss throughout the operative period when compared to a placebo in multiple different types of surgeries (McCormack, 2012). TA has also been shown to decrease the need for a blood transfusion during surgery. Another common usage in the past years has been to reduce bleeding in gynecological bleeding disorders, such as heavy menstrual bleeding (McCormack, 2012). Yet another indicated use for TA is in trauma cases where it has been proven to reduce all-cause mortality due to significant bleeding (McCormack, 2015).
One systematic review that looked at the effect of TA on blood loss during surgery found that TA decreased the amount of blood loss by up to one-third (WOMAN trial collaborators, 2017). Another large study, the CRASH-2 trial, with 20,211 participants demonstrated that TA reduced death due to acute traumatic bleeding. Both the systematic review and CRASH-2 trial determined that early intervention when it comes to TA is essential for the drug to be the most effective, which is stated as less than three hours after bleeding starts (WOMAN trial collaborators, 2017). Other indications for TA include uterine bleeding irregularities, gastrointestinal bleeding, and subarachnoid hemorrhage (McCormack, 2012). 
A systematic review looking at the effect of TA on blood loss during surgery, which included 211 randomized controlled trials (RCT) and a total 20,781 participants, found that TA reduced the need for a blood transfusion by up to thirty-nine percent (Sentilhes et al., 2015). The results that were found were not affected by the type of surgery that was being performed (Sentilhes et al., 2015). Another meta-analysis looked at the effect of prophylactic TA administration on elective surgery. The meta-analysis included 129 RCTs and came to the conclusion that TA decreased the need for blood transfusion and the effect was regardless of surgery type (Sentilhes et al., 2015). Lastly, TA decreased menstrual blood loss from menorrhagia by twenty-six to fifty-four percent, which shows that TA can reduce blood loss in a nonsurgical setting. This is indicative of TA being effective for treating PPH in both vaginal and cesarean births (Sentilhes et al., 2015). Another use of TA is as part of the steps of resuscitation for injuries during combat in the military. In a retrospective study of injured soldiers, the mortality rate was reduced in the TA group compared to the control group (Glymph, Tubog, & Vedenikina, 2016).
Adverse Effects of TA
TA is a generally well-tolerated drug, and the number of cases of people that experience side effects, such as headache, nausea, vomiting, dysmenorrhea, back pain, numbness, was relatively small (McCormack, 2012). Because TA is an anti-fibrinolytic drug, there was concern about an increased risk of thrombolytic events such as blood clots. 
Sentilhes et al. (2015) included eleven trials that examined the adverse effects caused in women who received TA for PPH prevention or treatment. There were no significant differences in the incidences of myocardial infarctions, strokes, deep vein thromboses (DVT), and pulmonary embolisms. However, because of the rarity of thromboembolic events, the studies included were not large enough to have the power to determine if TA can increase the risk for these events (Sentilhes et al., 2015)
McCormack (2012) also found the occurrence of severe adverse events to be very rare. Additionally, during the WOMAN trial (2017), there was no significant difference between the two groups for the number of thromboembolic events, such as pulmonary embolisms, deep vein thrombosis, strokes, or myocardial infarction. And finally, a Cochrane systematic review concluded there was also no difference in the number of thromboembolic cases between those that received TA and those that did not (Novikova & Hofmeyr, 2015).
TA as Prevention for PPH
Because of the nature of PPH and the quick progression the disease can take that can rapidly lead to death, there is a need to determine if giving TA prophylactically can stop or reduce bleeding postpartum. A Cochrane systematic review included the results from twelve studies, three of which included vaginal births only and nine of which included cesarean births only. All of the studies looked at blood loss as the primary outcome (Novikova & Hofmeyr, 2015). Estimated blood loss of 400 and 500 mL was more significantly reduced in the vaginal birth studies and blood loss greater than 1000 mL was only significantly different for the group who had cesarean births (Novikova & Hofmeyr, 2015). As for secondary outcomes the use of other nonsurgical interventions, use of surgical interventions, need for a blood transfusions, and maternal morbidity were less common in the intervention groups, both vaginal and cesarean births, compared to the control groups (Novikova & Hofmeyr, 2015).
Prevention after Cesarean Births
The rate of cesarean births in the US is approximately thirty-two percent; WHO recommends a rate of around ten to fifteen percent due to the evidence that cesarean births are associated with more complications when compared to vaginal births. One of the most common complications experienced is postpartum hemorrhage (Wang, Hong, Duan, Yin, 2015). Wang et al. (2015) included eleven RCT and 2531 women. Of the eleven trials included, nine of them measured blood loss before and after a cesarean birth and eight of those trials reported a significant difference in blood loss between the intervention and the comparison group (Wang et al., 2015). Seven of the studies measured intraoperative blood loss and five of those studies found that blood loss was significantly reduced in the group that received the TA. Seven other studies measured blood loss postpartum and all those studies showed a significant reduction in blood loss in the TA group compared to the group that did not receive TA (Wang et al., 2015). 
The other outcomes measured, which were hematocrit, hemoglobin, incidence of PPH, incidence of excessive bleeding, and the need for a blood transfusion, were all found to be statistically significant in the TA group compared to the group without TA (Wang et al., 2015). Although most of these outcomes were measured in multiple studies and some studies did not find statistically significant differences between the intervention and control groups, the meta-analysis conducted determined that there was an overall significant difference between the two groups in all of these outcomes measured (Wang et al., 2015). Wang et al. (2015) concluded in the meta-analysis that TA can be used to decrease the amount of blood loss and risk of PPH without increasing the risk of thrombosis.
A systematic review looked at the safety and efficacy of giving TA prophylactically to reduce blood loss and prevent PPH. The review included twenty-five articles and 4747 total patients (Li, Gong, Dong, Xie, Dai, 2017). All the patients in the intervention group received TA IV and the control received a placebo in all the studies included. The mean blood loss difference between the control and intervention groups, from birth to two hours postpartum, for the trials that studied cesarean births was 154.25 mL (Li et al., 2017). The mean total blood loss difference from fetus delivery to placental delivery for cesarean births was 141.25 mL when compared to the control group. (Li et al., 2017). 
Another measured outcome was the rate of severe PPH and the review showed that administering TA during cesarean birth significantly lowered the rate of severe PPH compared to the control group (Li et al., 2017). The next measured outcome was the need to transfuse blood products. The review found that TA lowered to the need to transfuse during cesarean births (Li et al., 2017). 
Li et al. (2017) concluded in the meta-analysis of the review that TA reduced blood loss, the need for transfusion in patients, the occurrence of severe PPH, and did not increase the risk of thromboembolic events in patients who had cesarean births. Some limitations in this review include the measurement of blood loss during the trials. Twenty-three out of the twenty-five studies estimated blood loss visually and therefore the amount recorded could have been overestimated or underestimated (Li et al., 2017).
When it comes to preventing PPH after a cesarean birth, Sentilhes et al. (2015) reviewed ten randomized controlled trials and concluded that TA was able to significantly reduce the loss of blood without an increase in adverse side effects. However, the authors cautioned that most the RCTs had methodological flaws and small population sizes that made the quality of the evidence questionable (Sentilhes et al., 2015). 
Lai, Niu, Shaffer, and Caughey (2016) looked at whether or not using TA for routine prophylaxis during cesarean births was cost-effective in addition to improving maternal outcomes, specifically: needing a blood transfusion, a hysterectomy, or maternal death. In the study’s theoretical cohort model, which included 100,000 women, the use of prophylactic TA was associated with 2879 less incidences of blood transfusion, 115 less hysterectomies needed, and 1.3 less cases of maternal death (Lai et al., 2016). In addition, the total costs for the group that received TA was lower than the group that did not received TA. Overall, TA was more cost-effective until the cost of TA is more than 3609 dollars per person (Lai et al., 2016). TA also decreased the need for blood transfusions, hysterectomies, and the number of maternal deaths (Lai et al., 2016).
Elective Cesarean Births
One study specifically looked at women planning to have elective cesarean births at thirty-seven weeks and the effect of TA on blood loss during and after the surgery. Women in the intervention group received one gram of TA given over ten minutes preoperatively and the control group was not given anything (H. Abdel-Aleem, Alhusaini, M. Abdel- Aleem, Menoufy, & Gülmezoglu, 2013). Blood loss for both groups was measured from the start of the surgery until to two hours post-operatively. The mean total blood loss for the intervention group was 241.6 mL compared to 510 mL for the control group (Abdel-Aleem et al., 2013). 
The mean decrease in hematocrit and hemoglobin levels experienced by the intervention group were significantly lower compared to the control group when measured twenty-four hours after the cesarean birth took place (Abdel-Aleem et al., 2013). The percentage of women who experienced blood loss greater than 500 mL in the intervention group was 3.1% compared to 48.8% in the control group (Abdel-Aleem et al., 2013). 
However, the women in the intervention group reported experiencing more side effects than the control group, such as headache, nausea, or vomiting. None of the patient experienced any serious side effects, or other surgical interventions in either group (Abdel-Aleem et al., 2013). 
Prevention after Vaginal Births
A study of 120 women gave an intervention group one gram IV of TA prophylactically after the birth, while the control group received a placebo. The mean total blood loss was significantly reduced in the intervention group compared to the control group (Migrhafourvand, Mohammad-Alizadeh, Abbasalizadeh, & Shirdel, 2015). In addition, the incidence of blood loss greater than 1000 mL was lower in the intervention group than the control group (Mirghafourvand et al., 2015).
In the meta-analysis conducted by Li et al. (2017), the studies about vaginal births that were included found the mean total blood volume difference between the intervention and control groups was 84.79 mL from birth to two hours postpartum. The mean total blood volume difference from fetus delivery to placental delivery for vaginal births it was 22.88 mL, which the meta-analysis found to not be statistically significant (Li et al., 2017). Another outcome that was measured was the rate of severe PPH, which was also found to not be statistically significant either (Li et al., 2017) In regards to the other outcomes measured, Li et al. (2017), after assessing the trials included for those patients who had vaginal births, determined that the trials had small sample sizes and insufficient evidence so the authors of the review could not reach definitive conclusions about the other outcomes that were measured.
TA as treatment of PPH
PPH is rare, occurring in only 2.9% of the births in the US each year (Bingham & Jones, 2012) and due to the acute and often life-threatening nature of PPH, it can be hard to conduct research on the different types of treatment. PPH treatment can also be complicated because the onset is not always obvious and often times there can be more than one cause of the PPH (Hofmeyr & Qureshi, 2016). There was not a lot of evidence found for the treatment of PPH with TA. One RCT looked at the effect of TA after a woman had loss greater than 800 mL of blood. The study found that those who received the TA had a shorter bleeding time and less incidence of severe PPH (Sentilhes et al., 2015). However, there are several limitations in this study that make the evidence uncertain. (Sentilhes et al., 2015). 
Bouet (2014) looked at the effect of giving a high dose of TA, which this study defined as 4 grams IV to women who experience more than 800 mL of blood loss after a vaginal birth. The study measured blood loss volume, the duration of bleeding, and whether or not the patient needed a blood transfusion. The study did not find that the use of a high dose of TA after 800 mL of blood loss is not associated with a decrease in blood loss, a shorter bleeding duration, or a decreased need for a blood transfusion (Bouet, 2014).
The lack of evidence for using TA as treatment for PPH led WHO to recommend TA usage only if other interventions, such as oxytocin, do not work and that clarification in this area is needed (Sentilhes et al., 2015). The WOMAN trial was then launched to address the gap in the research.
The WOMAN study
Until the WOMAN (2017) trial took place, there had not been a large study conducted on the effect of TA on postpartum hemorrhage. The WOMAN study, or World Maternal Anti-fibrinolytic Trial, is the largest study conducted for tranexamic acid (2017). This was a double-blind placebo-controlled study that took place from March 2010 to April 2016. The study included more than 20,000 women in twenty-one different countries who were diagnosed with PPH after either vaginal or cesarean birth (Friedrich, 2017). The intervention group was given one gram IV of tranexamic acid in addition to the standard of care at the hospitals where each woman was located. If the bleeding continued for more than thirty minutes or the bleeding started again within twenty-four hours, another gram of TA was given. The control group was given a placebo with the same parameters (Friedrich, 2017).
During the trial, it became apparent that the ability to determine the effect of TA on hysterectomy rates was difficult because in many cases, the decision to perform a hysterectomy was made at the same time that the patient was enrolled in the study, so TA could affect the risk of death but not the risk of hysterectomy (WOMAN, 2017). Therefore, no conclusions about the effect of TA on the rate of hysterectomies could be made. 
There were 483 deaths during the trial, with seventy-seven percent of the deaths occurring within twenty four hours of being randomized into the trial. Seventy-two percent of the deaths were caused by bleeding. Of those deaths caused by bleeding, there was a significantly reduced rate of death due to bleeding in the group that received TA compared to the group that did not receive TA (WOMAN, 2017). The difference between these groups occurred when the TA was given within three hours; there was no significant difference in the rate of death due to bleeding between the control and intervention group when the TA was given after three hours (WOMAN, 2017). In summary, when TA was given early after birth, the rate of death from bleeding was reduced by up to one-third (WOMAN, 2017).
During the study, 5461 patients received blood transfusions, with fifty-four percent of the patients in the control group and the intervention group receiving transfusions. This was not a significant difference between the control and intervention groups and the mean number of blood products also was not significantly different between the two (WOMAN, 2017). 
There were some limitations of the WOMAN trial that the authors felt compelled upon which to extrapolate. Because PPH can very quickly lead to maternal death in a matter of hours, the clinicians often used other interventions besides TA in order to treat the PPH. They did not have time to wait and see if the TA would have enough of an effect before they tried a different intervention (WOMAN, 2017).
The CRASH-2 trial, which looked at the effectiveness of TA during surgery, found strong evidence that early use of TA was the most effective, which was defined as within three hours of the traumatic injury (WOMAN, 2017). In conjunction, the WOMAN trial (2017) concluded from its findings that there is a suggestion that early treatment reduced the rate of death due to bleeding by one-third (WOMAN, 2017). As of right now, the current WHO recommendations state that TA should be administered if uterotonics fail to stop the bleeding, (WOMAN, 2017) which does not line up with the WOMAN trial evidence. The results of the WOMAN trial suggest that TA should be given as soon as possible after the diagnosis of PPH, in conjunction with the uterotonics (WOMAN, 2017).
The results of the research found that the risk of death due to bleeding decreased nineteen percent for those who received TA compared to no TA. When TA was administered less than three hours after delivery, the risk of death decreased by thirty-one percent (Friedrich, 2017). TA did not reduce the risk of a hysterectomy but there is a possibly that this outcome occurred because hysterectomies happen immediately after births in low and middle-income places where the risk of hemorrhage is present. The authors of the WOMAN trial concluded that the TA should be administered as soon as bleeding starts when used a treatment for postpartum hemorrhage (Friedrich, 2017). 
Further Research
It is important to point out that almost all the studies included in this paper were only conducted on low risk women and that more research should be conducted on the effect of TA for postpartum hemorrhage in high risk women (Novikova & Hofmeyr, 2015). Currently, the lack of evidence for using TA as treatment for PPH led WHO to recommend TA only if other interventions to do not work and that clarification in this area is needed (Sentilhes et al., 2015). There has not been an update in the recommendations since the results of the WOMAN trial have come out. There is further research needed for giving TA prophylactically during a vaginal birth. And lastly, while the WOMAN trial did provide evidence about the effect of using TA as treatment for PPH, more research is still needed if changes to the recommendations are to be made. 
Conclusions and Implications for Practice
In an update about prophylactic use of TA for PPH, Glymph et al. (2016) included results from two systematic reviews with meta-analyses and two RCTs. The results from those sources demonstrated that administering TA during the third stage of labor decreases the number of cases of PPH, reduced blood loss, and decreased the need to transfuse blood products in both cesarean and vaginal births (Glymph et al., 2016). With those results, Glymph et al. (2016) suggested that achieving the Millennium Development Goal of reducing the rate of maternal mortality by 5.5% each year can be done by implementing guidelines for prevention and treatment of PPH that the World Health Organization (WHO) has developed. WHO recommendations include using TA as treatment for PPH but does not recommend using TA prophylactically (WHO, 2012). However, Glymph et al. (2016) states that the evidence that was collected indicate that TA will prophylactically reduce the incidence of PPH and therefore the rate of maternal mortality (Glymph et al., 2016). 
[bookmark: _GoBack]WHO recommends that tranexamic acid be used as treatment for PPH, but only after uterotonics have been unsuccessful in reduction of bleeding (WHO, 2012). There is no mention of using TA prophylactically for prevention of PPH. However, there is a great deal of evidence that suggests that giving TA prophylactically can reduce blood loss, the need for a blood transfusion, and the incidence of PPH (Glymph et al., 2016) Therefore, it seems that there needs to be a conversation about changing the guidelines to include TA in the prevention of PPH. Additionally, there was evidence that TA was found to be most effective when given immediately after birth, and that the effectiveness the longer treatment was delayed. Therefore, WHO’s recommendation that TA should be given once uterotonics are deemed ineffective does not follow what the evidence suggests and perhaps changing the timeframe in the recommendation is also something that needs to be discussed. 
While this literature review only makes suggestions about changes necessary to the recommendations for the prevention and treatment of PPH, there is also a larger effect that this evidence has and therefore makes these suggestions even more important. PPH is one of the leading causes of maternal mortality (Bingham & Jones, 2012), and the other purpose of this paper was to determine if the use of TA to prevent and treat PPH is associated with decreased maternal mortality. The evidence shows that giving TA prophylactically reduces blood loss, the need to transfuse blood, and the overall rate of PPH (Glymph et al., 2016). Additionally, when used as treatment for PPH, the WOMAN (2017) trial concluded that TA reduced the risk of death due to hemorrhage. TA shows promise as an important tool for the prevention and treatment of PPH and on a larger scale, a contributor to decreasing maternal mortality in the United States.  



References
Abdel-Aleem, H., Alhusaini, T. K., Abdel-Aleem, M. A., Menoufy, M., & Gülmezoglu, A. M. (2013). Effectiveness of tranexamic acid on blood loss in patients undergoing elective cesarean section: randomized clinical trial. The Journal of Maternal-Fetal & Neonatal Medicine, 26(17), 1705-1709. doi:10.3109/14767058.2013.794210 
Bingham, D., & Jones, R. (2012). Maternal death from obstetric hemorrhage. Journal of Obstetric, Gynecologic & Neonatal Nursing, 41(4), 531-539. doi:10.1111/j.1552-6909.2012.01372.x
Bouet, P. (2014). High-dose tranexamic acid for treating postpartum haemorrhage after vaginal delivery. BJA: British Journal of Anaesthesia, 113(ELetters), 339. doi:10.1093/bja/el_12066 
Clark, S. L. (2016). Obstetric hemorrhage. Seminars in Perinatology, 40(109-111). doi:https://doi.org/10.1053/j.semperi.2015.11.016
Clark, S. L., & Belfort, M. A. (2017). The case for a national maternal mortality review Committee. Obstetrics & Gynecology, 130(1), 198-202. doi:10.1097/aog.0000000000002062 
Evansen, A., Anderson, J. M., & Fontaine, P. (2017). Postpartum hemorrhage: prevention and treatment. American Family Physician, 95(7), 442-449. http://dx.doi:10.1038/jp.2016.225 
Friedrich M. (2017) Blood-clotting drug saves lives during childbirth. JAMA. 317(23):2362. doi:10.1001/jama.2017.7314 
Glymph, D. C., Tubog, T. D., & Vedenikina, M. (2016). Use of tranexamic acid in preventing postpartum hemorrhage. AANA Journal, 84(6), 427-438. Retrieved from https://www.aana.com/docs/default-source/aana-journal-web-documents-1/jcourse5-1216-pp427-438.pdf?sfvrsn=15d448b1_4
Hofmeyr, G. J., & Qureshi, Z. (2016). Preventing deaths due to haemorrhage. Best Practice & Research Clinical Obstetrics & Gynaecology, 36, 68-82. doi:10.1016/j.bpobgyn.2016.05.004
Lai, J., Niu, B., Shaffer, B. L., & Caughey, A. B. (2016). 176: Is prophylactic tranexamic acid use associated with better maternal outcomes in routine cesarean section? a cost-effectiveness analysis. American Journal of Obstetrics and Gynecology, 214(1), S111. doi:10.1016/j.ajog.2015.10.213 
Li, C., Gong, Y., Dong, L., Xie, B., & Dai, Z. (2017). Is prophylactic tranexamic acid administration effective and safe for postpartum hemorrhage prevention? Medicine, 96(1). doi:10.1097/md.0000000000005653 
McCormack, P.L. (2012) Tranexamic acid: a review of its use in the treatment of hyperfibrinolysis. Adis Drug Evaluation. 72(5) 585-617. https://doi-org./10.2165/11209070-000000000-00000 
Miller, C. M., Cohn, S., Akdagli, S., Carvalho, B., Blumenfeld, Y. J., & Butwick, A. J. (2017). Postpartum hemorrhage following vaginal delivery: risk factors and maternal outcomes. Journal of Perinatalogy, 37(3), 243-248. http://dx.doi:10.1038/jp.2016.225 
Mirghafourvand, M., Mohammad-Alizadeh, S., Abbasalizadeh, F., & Shirdel, M. (2015). The effect of prophylactic intravenous tranexamic acid on blood loss after vaginal delivery in women at low risk of postpartum haemorrhage: a double-blind randomised controlled trial. Australian and New Zealand Journal of Obstetrics and Gynaecology, 55(1), 53-58. doi:10.1111/ajo.12262 (
Mousa, H. A., & Alfirevic, Z. (2007). Treatment for primary postpartum haemorrhage. Cochrane Database of Systematic Reviews. doi:10.1002/14651858.cd003249.pub2 (5)
Novikova, N., & Hofmeyr, G. J. (2015). Tranexamic acid for preventing postpartum haemorrhage. Cochrane Database of Systematic Reviews. doi:10.1002/14651858.cd007872.pub2 
Sentilhes, L., Lasocki, S., Ducloy-Bouthors, A. S., Deruelle, P., Dreyfus, M., Perrotin, F., Deneux-Tharaux, C. (2015). Tranexamic acid for the prevention and treatment of postpartum haemorrhage. BJA: British Journal of Anaesthesia, 114(11), 576-587. http://dx.doi:10.1093/bja/aeu448 
Torre, M. D., Kilpatrick, S., Hibbard, J., Simonson, L., Scott, S., Koch, A., Geller, S. (2011). Assessing Preventability for Obstetric Hemorrhage. American Journal of Perinatology, 28(10), 753-760. doi:10.1055/s-0031-1280856 
Van de Velde, M., Diez, C., & Varon, A. J. (2015). Obstetric Hemorrhage. Current Opinion in Anesthesiology, 28(2), 186-190. http://dx.doi./10.1097/ACO.0000000000000168 
Wang, H., Hong, S., Duan, Y., & Yin, H. (2015). Tranexamic acid and blood loss during and after cesarean section: a meta-analysis. Journal of Perinatology, 35(10), 818-825. doi:10.1038/jp.2015.93 
WHO. (2012). WHO recommendations for the prevention and treatment of postpartum hemorrhage. Retrieved from http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/9789241548502/en/
Witcher, P. M., & Sisson, M. C. (2015). Maternal Morbidity and Mortality. The Journal of Perinatal & Neonatal Nursing, 29(3), 202-212. doi:10.1097/jpn.0000000000000127 
WOMAN trial collaborators. (2017). Effect of early tranexamic acid administration on mortality, hysterectomy, and other morbidities in women with post-partum haemorrhage (WOMAN): an international, randomised, double-blind, placebo-controlled trial. The Lancet (British edition), 389(10084), 2105-2116. doi:10.1016/S0140-6736(17)30638-4

image1.png
Approved:

Pat Mahaffee Gingrich MSN, WHNP-BC,
Thesis Advisor




image10.png
Approved:

Pat Mahaffee Gingrich MSN, WHNP-BC,
Thesis Advisor




