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Moderate and severe traumatic brain injury (TBI) are major causes of disability and death. In addition, when TBI occurs during pregnancy, it can lead to miscarriage, premature birth, and maternal/fetal death, engendering clinical and ethical issues. Several recommendations have been proposed for the management of TBI patients; however, none of these have been specifically applied to pregnant women, which often have been excluded from major trials. Therefore, at present, evidence on TBI management in pregnant women is limited and mostly based on clinical experience. The aim of this manuscript is to provide the clinicians with practical suggestions, based on 10 rules, for the management of moderate to severe TBI during pregnancy. In particular, we firstly describe the pathophysiological changes occurring during pregnancy; then we explore the main strategies for the diagnosis of TBI taking in consideration the risks related to mother and fetus, and finally we discuss the most appropriate approaches for the management in this particular condition. Based on the available evidence, we suggest a stepwise approach consisting of different tiers of treatment and we describe the specific risks according to the severity of the neurological and systemic conditions of both fetus and mother in relation to each trimester of pregnancy. The innovative feature of this approach is the fact that it focuses on the vulnerability and specificity of this population, without forgetting the current knowledge on adult non-pregnant patients, which has to be applied to improve the quality of the care process.
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INTRODUCTION

Traumatic brain injury (TBI) is a common cause of mortality and morbidity worldwide (1, 2). The overall mortality remains high ranging from 30 to 50% (3), and at least 40% of survivors will experience permanent disability (1).

Several algorithms have been proposed over the last years for the management of patients with moderate to severe TBI, especially regarding the monitoring and management of intracranial pressure (ICP) (4, 5).

However, at present, no suggestions are provided in the specific subpopulation of pregnant women and there is a lack of level I evidence in many areas, as stated by Brain Trauma Foundation Guidelines (5). The algorithms currently used for the management of adult patients with TBI are not totally applicable in pregnant patients, primarily because there is insufficient evidence in this population due to their exclusion from most trials on TBI and also because there are important changes in mother's physiology, which alter cardiorespiratory response, tolerance and metabolism of drugs and therefore make difficult the application of the general treatments principles (6, 7).

Although etiologies and incidence of TBI in pregnant patients are similar to the general population, trauma-related mortality for pregnant patients is higher than in any other groups of patients (8).

Therefore, management of TBI during pregnancy is challenging and there is a need for specific protocols to help clinicians in the management of these patients to potentially avoid premature death and morbidities in this population of young and healthy women.

The aim of this review is to provide ten rules and suggestions to apply in the management of moderate to severe TBI in pregnant women, considering pathophysiological changes of pregnancy and differences of specific parameters—such as cerebral perfusion pressure (CPP) and carbon dioxide arterial pressure targets (PaCO2) (Figures 1A,B) (9).
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FIGURE 1. (A,B) Ten rules and steps for the management of traumatic brain injury in the pregnant woman. TBI, traumatic brain injury; CT, computed tomography; IHT, intracranial hypertension.


We therefore aim to help the clinicians using a combination of evidence, pathophysiological knowledge and common sense in the selection of the best combination of monitoring and medical-surgical intervention, according to the different status of pregnancy, and considering risks and benefits for both mother and fetus.


Rule 1. Consider Physiological Changes Caused by Pregnancy

Pregnancy prompts a plethora of significant physiological modifications that involve almost every system in the body, aimed to sustain the development of the embryo and fetus (10). The evaluation of a pregnant trauma patient and the interpretation of the diagnostic studies should be therefore performed considering the changes occurring during gestation.

One of the earliest physiological changes that occurs during pregnancy is the substantial fall in systemic vascular resistance, which results in a blood pressure drop since the first trimester, and which is aimed to optimize the uteroplacental blood flow. This triggers profound adjustments in the whole cardiovascular system, mainly on myocardial contractility and heart rate, and renal hormonal activity, resulting in capillary engorgement and tissue edema, especially in the upper airway. In the trauma setting, this may increase even further the risk of failed intubation and complications related to hemodynamic instability (11).

An increased circulating blood volume, primarily due to sodium retention via renin-angiotensin-aldosterone system activation, and a consensual decrease in red blood cell count and hemoglobin concentration account for the relevant hemodilution that is pivotal to maintain blood pressure and placental perfusion (12). In a trauma pregnant patient, this relative anemia state may lead to a delay in hemorrhagic shock recognition with potential hazardous effects on the fetus, despite the apparent clinical stability of the mother (13).

Despite the platelet count progressively falls during gestation, the concentration of many clotting factors (e.g. VIII, IX, X, and fibrinogen) raises and generates a general prothrombotic state that guarantees a solid hemostasis response, preventing acute blood loss after the delivery (11). Hence, the pregnant patient has an increased risk for deep vein thrombosis (DVT) and disseminated intravascular coagulation (DIC) (14, 15).

Regarding the respiratory system, the expanding uterus causes diaphragmatic upward displacement with a consequent reduction in all lung volumes and physiological dyspnea. In order to provide oxygen to the fetus, both metabolic rate and maternal oxygen consumption increase. This, combined with the stimulant effect of progesterone, triggers maternal compensation resulting in augmented respiratory rate and tidal volume (16). Clinicians must keep in mind that increased oxygen consumption may lead to rapid episodes of desaturation, in particular during intubation. Providing supplemental oxygen to avoid maternal and fetal hypoxia, especially in a trauma setting, is compulsory (17).

To summarize, significant anatomic, biochemical and mechanical modifications occur during normal pregnancy with the purpose to sustain the growing fetus. A basic understanding of these changes could help physicians to discern between symptoms that mimic a disease and an actual condition requiring proper medical intervention. Other pathophysiological changes occurring during pregnancy are presented in Figure 2.
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FIGURE 2. Pathophysiological changes that occur during pregnancy. CSF, cerebrospinal fluid.




Rule 2. You Have to Categorize the Mother and the Fetus Risks and Benefits

Physician should always suspect and exclude pregnancy in any female of childbearing age admitted for trauma (18).

During the first and second trimester the fetus is consensually considered non-viable (<23 week), thereby, timely maternal assessment and stabilization via Advanced Trauma Life Support (ATLS) protocols is the absolute priority. In fact, the stabilization of mother's condition in the early phases further optimizes fetal status. If the patient undergoes surgical intervention, the management of post-operative course and Intensive Care Unit (ICU) management should follow the general principles of the Brain Trauma Foundation Guidelines (5).

During the third trimester the fetus is considered viable (>23 weeks), unless proven otherwise. If the pregnant's clinical status is stable, the viability of the fetus should be carefully documented and monitored in order to establish the appropriate time and method of delivery (cesarean section alone or simultaneous with neurosurgery). Most of the neurosurgical trauma-related emergencies (e.g., hematoma, contusion, edema) demand the control of increased ICP (19). The aim of surgery is to relieve high ICP by mass evacuation, drainage of cerebrospinal fluid or decompressive craniotomy. This is primarily done to avoid further damage to neural structures and increase the chance of maternal survival improving the outcome of both mother and fetus (20, 21).

On the contrary, if maternal condition is critical or cerebral damage leads to maternal brain death, urgent cesarean delivery should be the priority.

In some cases, surgical treatment may lead to a favorable prognosis for both mother and fetus. If the fetus manifests signs of distress, despite an efficient maternal resuscitation, a cesarean delivery must be promptly performed. In the worst scenario, a fetal demise may be managed conservatively in-utero in the effort to firstly optimize maternal vital functions (8).



Rule 3. Priorities in Initial Resuscitation

When a traumatic event occurs, an early targeted maternal resuscitation is the priority for the clinicians. Similarly to non-pregnant traumatic patient, primary survey after TBI should initially assess maternal vital functions. General principles based on the ABCDE mnemonic approach (Airway, Breathing, Circulation, Disability, Exposure) should be adopted to the specific needs of this population (22).

A: Pregnant patients have an augmented risk of failed intubation and acidic gastric contents aspiration compared to the non-pregnant population. Early placement of an endotracheal and a nasogastric tube is recommended to secure the airway. If signs of basilar skull fractures are found, the tube should be temporarily inserted through the mouth until a CT scan is performed (18).

B: Oxygen supplementation is mandatory to maintain a saturation > 95% in order to prevent both maternal and fetal hypoxia (23).

C: The target for initial resuscitation is a systolic blood pressure of 80–100 mmHg, but this may depend on patients autoregulatory status. Administration of crystalloids and blood products through a double intravenous line is paramount. Specific attention should be given to patient's position in order to prevent supine hypotension, as the fetus can cause venae cava collapse and reduction of venous return and cardiac output. Left-tilt or manual uterine displacement should be accomplished.

The use of high dose norepinephrine should be avoided to preserve placental perfusion. The first-line vasopressor is phenylephrine, an α-1 agonist that does not modify uterine tone. 0-negative blood type should be transfused in order to avoid Rh sensitization (9, 24).

D: TBI mandates a quick but accurate neurological assessment of the patient. Glasgow Coma Scale (GCS) is the most widely used score to evaluate level of consciousness and to classify the severity of TBI, albeit with many limitations. More recently, the Full Outline of Unresponsiveness (FOUR) score, was introduced. Compared to GCS, this scale offer a more comprehensive assessment of patient's neurological status, including information on brainstem reflexes, breathing patterns and respiratory drive (25, 26).

E: Once the cardiopulmonary system has been stabilized, the body of the victim should be entirely exposed and carefully examined with special regard to thorax, abdomen, pelvic and perineal regions to rule out fetal injuries (18). Avoiding extreme hypothermia is mandatory (27).

In addition, further special consideration should be paid to acute spinal chord injury (SCI). The immediate resuscitation measures after SCI should include simultaneously maternal stabilization and fetal monitoring in an effort to timely counteract the detrimental consequences of the most fearsome occurrence, neurogenic shock (28, 29). Treatment of neurogenic shock includes hemodynamic stabilization by administering intravenous fluids to prevent secondary brain injury and fetal hypoxia. In case of refractory shock, vasopressors and inotropes should be considered to maintain an adequate organ perfusion pressure (30).

Initial resuscitation measures could not be considered accomplished without an obstetric evaluation of the fetus. In the trauma scenarios, acute brain injury alone can lead to fetal damage; therefore, it is not surprising that concomitant lesions in other body districts increase the risk of pre-term delivery or even fetal demise. Placental abruption and uterine rupture are the leading causes of fetal death (31). In this context, sonography may be a helpful adjunct to the primary survey, in both obstetrics and gynecology, providing immediate confirmation of findings obtained at bedside. The Focused Assessment with Sonography in Trauma (FAST) examination is a comprehensive study that could quickly detect free fluids in the abdomen and pelvis, fetal heart movements and placenta anomalies triggering proper medical or surgical intervention (32, 33).

Although the initial resuscitation maneuvers are identical for every patient, pregnant women require a special attention as even mild head injuries could put maternal and fetal life at risk (34). Clinicians should keep in mind that they are resuscitating two interrelated patients simultaneously and a multidisciplinary approach is often required for a successful outcome.



Rule 4. Computed Tomography Scan Is the Neuroimaging of Choice to Evaluate TBI

When a TBI occurs, an exhaustive radiological study is mandatory in order to identify life-threatening injuries and evaluate the trauma extension. Unfortunately, radiodiagnostic procedures in pregnant women are frequently delayed by clinicians because of the fear to expose the developing fetus to harmful ionizing radiations (IR) (8). IR have a dose-dependent teratogenic and carcinogenic potential, especially when organogenesis occurs (5–10 weeks of gestation). Analogously, after 10 weeks, IR could produce delayed growth or injuries to the central nervous system. Nonetheless, most of the radiological studies, including head Computed Tomography (CT) scan, expose the fetus to a radiation amount below the threshold of 5,000 mrad, considered safe for fetal damage (Table 1) (18, 35).


Table 1. Estimated fetal radiation adsorbed doses during some common radiodiagnostic procedures (adapted from Ratnapalan et al.) (35).
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CT scan is a rapid and accurate procedure that appears to be the gold standard for the initial evaluation of TBI, as it can provide information on the need of surgical intervention and monitoring. Moreover, Gadolinium-based medium administration should be considered if maternal benefit outweighs fetal risks since there is no evidence of teratogenic effects in humans (18).

In conclusion, IR represent a possible cause of fetal injury and this should not be ignored. Nonetheless, sporadic exposure from radiodiagnostic procedures do not increase the hazard of congenital anomalies (18). For this reason, physicians should be encouraged in ordering head CT scan without delay as it is a fundamental tool for a quick diagnosis which can potentially improve patient's survival. When possible, minimizing fetal exposure to X-rays, by shielding woman's abdomen, may be beneficial (18).



Rule 5. Determine Fetal Viability Though Fetal Monitoring Is Fundamental

Pregnant patients with severe TBI are at increased risk of fetal loss as a consequence of maternal injuries. For this reason, special attention should be paid to the fetus using a multidisciplinary approach including obstetrics, gynecologists and intensivists. The assessment of fetal well-being includes serial echographic approaches, electronic fetal heart rate monitoring (EFM), obstetric anamnesis and physical examination (33).

The calculation of the correct gestational age, performing an ultrasound scan, is crucial to evaluate fetal viability and to interpret tests. While during early gestational age (<13 weeks) the fetus is protected by the pelvic bones, and the cause of fetal loss is mainly placental hypoperfusion, in the late stages the unborn child is more subject to life-threatening trauma-related injuries. As aforementioned, a fetus is generally considered viable after 23 weeks of gestation. Before this age, there is a poor chance of survival outside the womb, especially after a major trauma (18).

In case of major trauma the priority falls toward mother's assessment and stabilization but, if the fetus is viable, EFM should be initiated as soon as possible and continued for at least 4 hours. This powerful tool provides information about fetal health status and, in case of abnormal heart rate pattern (early warning signal of maternal hemodynamic compromise and uteroplacental hypoperfusion), it allows to rapidly assess and prevent reversible causes such as hypoxia and acidosis. Noteworthy, most anesthetic drugs utterly decrease the physiological fetal heart rate variability (36), and this has to be kept in mind in the perioperative settings.

In summary, a major trauma mandates an obstetrical consultation, that should be promptly performed, in the effort to rule out uteroplacental involvement, maternal hemorrhage, fetal trauma-related injuries and viability.



Rule 6. Avoid Secondary Insults of Systemic Origin

Management of TBI includes the treatment of the primary brain injury (hematoma, hemorrhage, seizures, cerebral edema), and the avoidance of secondary brain damage, and detrimental extra-cerebral secondary insults (37). Secondary brain damage, that is caused by the physiological responses to the initial lesion, is an injury whose effects do not occur at the time of the trauma but becomes evident in the following hours or days (38, 39). These insults, both ischemic and non-ischemic, are equally dangerous for brain health status and should be timely recognized and treated. Common post-traumatic complications include fever, hyperglycemia, anemia and hypernatremia. Unsurprisingly, these findings are strongly associated with poor outcome and increased mortality (40).

Recently, a new acronym was introduced, GHOST-CAP, that may be helpful to easily remind the key aspects involved in the etiology of secondary brain injury and to improve the quality of patient care (37). Although it was designed for any critical patient with acute brain injury, it can be extended to pregnant patients with TBI with no restrictions, and should be adapted to physiological changes occurring in pregnancy.

The GHOST-CAP mnemonic highlights eight pivotal elements that should be regularly assessed during patient's ICU stay.


Glycemia

Glucose plays a critical role in cerebral metabolism, but patients with acute brain injury may not require a strict glycemic control by insulin infusion as a result of an increased metabolic demand after the trauma. Hypoglycemia (<100 mg/dl) should be avoided (41).

Hemoglobin: anemia in critically ill patient is a multifactorial condition (e.g., blood loss, hemodilution). As an important variable of oxygen delivery (DO2) equation, a significant reduction of Hemoglobin (Hb) is associated with decreased cerebral DO2 and poor outcome after TBI. A reasonable Hb value should range between 7 and 9 g/dl (42, 43).



Oxygen

Hypoxemia is a well-known determinant of brain injury. Interestingly, different clinical studies suggest that supplemental oxygen administration toward hyperoxemic ranges is associated with worse outcome and increased mortality rates in TBI. Targeting SpO2 between 94 and 97% is recommended (44).



Sodium

Na+ is the main extracellular ion that regulates water movement across cell membranes, including neurons. Thereby, changes in sodium concentration can alter brain volume. Sodium levels outside the physiological limits are associated with poor outcomes in acute brain injury (45). Excessive correction of sodium plasma concentration may be harmful. Sodium levels up to 155 mEq/L may be tolerated (37).



Temperature

Hyperthermia has many etiologies, both septic and non-septic. An elevated temperature in TBI is associated with poor outcome as thermotoxicity involves cellular, local and systemic mechanisms. A core temperature >38°C (100 °F) should be avoided (46). Mild induced hypothermia may be considered in case of refractory intracranial hypertension, although it is not free from maternal and fetal side effects (47, 48).



Comfort

Avoiding patient physical distress (pain, restlessness, shivering) is essential to prevent harmful rises in ICP. Sedation and analgesia are valid therapeutic options to decrease ICP (49).



Arterial Pressure

CPP is the driving force that provides perfusion and oxygen to the brain and strictly depends on ICP and mean arterial pressure (MAP). Hence, abnormally low blood pressure can compromise cerebral perfusion and must be promptly corrected. Ultimately, the target MAP should be adjusted to maintain a CPP of at least 60 mmHg.



PaCO2

Changes in PaCO2 cause consensual variations in cerebral blood flow (CBF) and, ultimately, in ICP. Hypercapnia may result in intracranial hypertension (IHT). Similarly, a PaCO2 < 35 mmHg should be initially avoided in order to prevent cerebral ischemia (4).

In addition, TBI is a well-recognized cause of seizures and epilepsy, especially in pregnant women where a modification of seizure propensity can be observed physiologically (50). Unfortunately, to date, there are insufficient evidences regarding the management of post-traumatic seizures (PTS) during gestation.

PTS can occur early (within a week after trauma) as a direct consequence of the injuries or manifest later resulting more likely in post-traumatic epilepsy (PTE). Importantly, both early and late seizures can potentially exacerbate the secondary brain injury associated to trauma (51). Prophylactic therapies are not recommended, but in the suspect of diagnosis of seizures, the use of some antiepileptic drugs (AED), such as carbamazepine and valproate, can be considered as an option. However, the use of AED in this population may give rise to concerns about potential adverse drug reactions on the fetus, leading to major congenital malformations and other disabling anomalies (52). To mitigate the worries, recent studies conducted on epileptic pregnant women showed that the great majority of infants, exposed to AED in-utero, especially as part of a monotherapy regimen, did not develop any deformity (53, 54).

In conclusion, despite pharmacokinetic changes in pregnancy and licit fetal concerns, administering AED as a monotherapy to treat PTS and PTE may be appropriate and advantageous to improve both maternal and fetal outcomes (55).




Rule 7. Specific Neuromonitoring: When? How? Invasive vs. Non-invasive

The gold standard for neuromonitoring in moderate to severe TBI is invasive ICP measurement obtained through a catheter insertion either into cerebral parenchyma or ventricles according to the clinical picture and center practice (56, 57). Several studies conducted in acute TBI adult patients observed that IHT represents a risk factor for mortality or poor neurological outcome (9). Moreover, combining invasive ICP with advanced pressure of brain tissue oxygen (PbtO2) monitoring may potentially improve patient outcome (58). Therefore, the indications for invasive neuromonitoring in pregnant patients should be the same as for the general ICU population (5).

Non-invasive techniques, such as transcranial doppler ultrasonography (TCD), electroencephalogram (EEG), near-infrared spectroscopy (NIRS) and optic nerve sheath diameter (ONSD), can be additional monitoring tools aimed to assess cerebrovascular dynamics and function. However, these methods are not accurate enough to substitute invasive techniques despite having the advantage of being safe and repeatable (59).

- TCD is a powerful harmless tool able to estimate some complications associated with TBI, such as hypoperfusion, hyperemia, vasospasm. Some formulas applied to calculate ICP and CPP values are available but they remain to be fully validated.

- EEG is a crucial diagnostic technique routinely employed in TBI patients, especially in the diagnosis of seizures and non-convulsive status.

- NIRS is a method able to assess neurologic impairment after TBI by the early detection of changes in regional cerebral oxygen saturation (rSO2). For this reason, it could be employed as an additional tool in the management of TBI and in those cases where invasive monitoring is proscribed.

- ONSD is an echographic exam that evaluates the optic nerve sheath expansion in presence of IHT. Although this method has several limitations, it could be an additional useful tool when invasive techniques are not feasible (59, 60).



Rule 8. Approach to Intracranial Hypertension During Pregnancy

It is widely known that several physiological changes occur at many levels in the central nervous system during pregnancy. Although these adaptions act to preserve brain homeostasis, they can lead to neurological complications and IHT as a result of an exacerbated preexisting pathology or an unexpected acute event (9). Except for preeclampsia, head trauma is the most frequent cause of IHT during gestation (61).

IHT is a key actor in TBI since it closely correlates with CPP. Sustained IHT reduces CPP, resulting in cerebral ischemia and neurological deterioration (62). The maintenance of adequate CPP and ICP remains a primary target to improve prognosis in head injured pregnant patients (22).

Recent evidence suggests that the critical thresholds for CPP and ICP after a traumatic head injury are values of 60–70 mmHg and 22 mmHg respectively (63, 64). Nonetheless, a fixed threshold may not be appropriate for every patient since more vulnerable subgroups, as pregnant trauma patients, may require different strategies (5, 63). Moreover, physicians have to keep in mind that MAP -and therefore CPP- significantly changes during pregnancy with a gradual fall during early gestational age and a return to preconception levels thereafter (65).

As regards IHT management, according to the recently-published consensus-based protocol of Seattle, ICP treatment should follow a stepwise approach (64). Appropriate interventions range from general clinical management (safer for both mother and fetus) to more aggressive treatments (Figure 3).


[image: Figure 3]
FIGURE 3. Specific considerations for the application of the staircase approach for intracranial pressure management in the pregnant woman. ICP, intracranial pressure; CPP, cerebral perfusion pressure; DC, decompressive craniotomy; ABP, arterial blood pressure.


Basic interventions, as head elevation, end-tidal CO2 monitoring, neurological assessment, physiological neuroprotection, in virtue of their few side effects, should be employed first.

Switching to higher tiers (e.g., AED, mannitol and vasopressor administration, mild hypocapnia, curarization) might be necessary for IHT control. Nonetheless, osmotic treatment can cause maternal-fetal hyperosmolarity and fetal dehydration. AED may have teratogenic effects, whereas hypocapnia can cause placental vasoconstriction and fetal hypoxemia.

If the patient is not responding to these treatments, more aggressive strategies by employing barbiturates, performing a decompressive craniectomy or using hypothermia can be taken in considerations. However, these interventions may have considerable negative consequences on fetal well-being, and mother and fetus should be frequently reassessed in order to rule out reversible or extra-cranial causes of treatment resistance.

Some treatments, that in first instance may seem beneficial (e.g., routinely use of furosemide or corticosteroids, continuous intravenous infusion of mannitol, extreme hyperventilation and hypothermia), are proscribed in the management of TBI (9, 64).

Regarding neurosurgery, literature on pregnant patients is limited and anesthesiologic management is mainly based on theoretical principles and case reports. Neuroanesthetic approach during pregnancy poses multiple challenges and should provide a balance between maternal favorable outcome and fetal well-being in a multidisciplinary way (66). Clinicians have to keep in mind that any perioperative procedure may predispose the patient to new-onset secondary brain injuries and may affect fetal status (67, 68).

In conclusion, IHT is a common finding after an acute head trauma during gestation but its management is far from being standardized, mainly because of lack of clinical evidence. To date, most of the literature extrapolates data from non-pregnant patient trials. Thereby, IHT management protocols in pregnancy should be wisely adjusted to increase maternal and fetal survival.



Rule 9. When to Induce Labor? Natural or Caesarean Section?

TBI management during pregnancy can be challenging for healthcare providers due to the contemporary presence of two patients. Trauma has fetal repercussions and its effect on pregnancy depends mainly on the gestational age and on the injury severity. In this setting, a multidisciplinary team is compulsory. In particular, the trauma team must closely interact with the obstetrician whose role is to assess fetal status and to help in making decision about delivery weighting fetal benefits against maternal risks (33, 69).

In selected cases, preterm delivery may be the best choice, particularly when delivery may improve mother's prognosis. On the other hand, if definitive treatment can be safely delayed, and the gestational age is appropriate, additional stay in the ICU, to guarantee in-utero fetal development, possibly administering tocolytic agents (such as nifedipine or oxytocin antagonists), can be undoubtedly beneficial for the fetus (61). As mentioned above, after 23 weeks of gestation the fetus is considered viable and glucocorticoids should be administered to promote fetal lung maturation and to prevent fetal respiratory distress syndrome (70). According to a recent meta-analysis, after 32 weeks of gestation no further prolongation of pregnancy seems necessary (71).

Regarding the route of delivery, although in nearly all cases of TBI reported in literature more cesarean sections were performed, vaginal delivery may be accomplished (70, 72).

Specifically, cesarean section should be reserved to cases when maternal injuries result in severe complications such as fetal distress, placental abruption, uterine rupture or preterm labor, according to the gestational age (69). By contrast, in case of maternal stability, induced vaginal delivery should be considered in view of a non-viable fetus (8).

Perimortem cesarean section, defined as the surgical delivery of the fetus performed after maternal cardiac arrest, should start within 4 minutes after unsuccessful cardiopulmonary resuscitation for a maximum beneficial outcome. Interestingly, as the gravid uterus increases the oxygen demand and reduces venous return and stroke volume, in some cases, the emergency cesarean section may be life-saving for both mother and fetus (24).

A collegial decision-making should address the management of cesarean delivery, especially regarding the timing of the cesarean section which may be performed before or after neurosurgery. In the first case, general anesthesia is indicated for surgical delivery, even if some precautions on drugs choice, especially inhalation agents, should be taken into consideration. This strategy prevents the fetus from exposure to some treatments employed during neurosurgery, such as hyperventilation, mannitol, barbiturates and opioids and at the same time makes the mother more manageable (73, 74).

On the other hand, if uncomplicated neurosurgery is achieved, and the patient's ICP is within normal range, a neuraxial technique (epidural or spinal anesthesia) may be used in order to deliver the viable baby. However, despite the many undoubted advantages, the choice of this techniques is not risk-free as hypotension, dural puncture or epidural hematoma could have devastating consequences (67, 73).



Rule 10. Ethical-Legal Aspects

Refractory IHT may result in maternal brain death (BD), a serious clinical condition also known as cerebral death or death by neurological criteria (DNC) (75). According to the most recent definition, BD, that was first described in 1959 (76), is the complete and permanent loss of brain function with loss of consciousness, brainstem reflexes and independent breathe (75).

In most instances, this severe condition results in maternal and fetal demise. However, thanks to the enormous advances in life support technologies and critical care management, to date, the progression of pregnancy is possible and a viable newborn can be delivered, despite the increased probability of complications (77). In some cases, interventions aimed to sustain patient's vital functions, after a BD diagnosis, are justified for the sake of the fetus, whose survival depends first on the gestational age. However, the dilemma whether or not to offer somatic care to a brain-dead pregnant patient has become a controversial ethical issue and matter of strong debate (78).

In 2011, a Committee for the Ethical Aspects of Human Reproduction and Women's Health stated six recommendations for the management of BD during pregnancy. They concluded that the wishes of the patient, in relation to the withdrawal of life support in state of pregnancy, if expressed in life, are paramount. The woman has the right to die in dignity, in accordance with the principle of autonomy. Hence, physicians are not exonerated from the duty to respect this right and any inconsistency must be discussed with decedent's family members or surrogates (79). On the other hand, in the absence of any expressed wish, ethical principles of beneficence and non-maleficence and justice prevail (72). Once maternal concerns are fulfilled, the best interests of the fetus should be also assessed. The principal issues include fetal viability and beneficial long-term prognosis. All necessary efforts should be made to prolong pregnancy and improve fetal maturity if maternal condition is stable. On the contrary, if severe complications or signs of distress are documented in maternal-fetal unit, supporting an in-utero fetal demise may be appropriate (79). Always respecting either patient or relatives' wishes, a brain-dead mother should be considered as a potential organ donor after the delivery (70). In any case, current local laws, that may vary in different regions, should be always considered (78).

The management of a DNC in a pregnant patient after a TBI requires a multidisciplinary approach which should follow the current recommendations available. Despite the prolongation of pregnancy in a brain-dead woman is within the reach of current medicine, it is always recommendable to refrain from excessive medical interventions that are no longer beneficial and could expose the mother and the fetus to dispensable suffering.




CONCLUSIONS

TBI in pregnancy is one of the leading causes of maternal death for non-obstetric reasons and, whether moderate or severe, is associated with unfavorable maternal and fetal outcomes. The complex physiological modifications occurring in pregnancy have a crucial role in the management of TBI in these patients. In addition, fetal concerns, and paucity of high-quality evidence further complicate the issue. Estimating the gestational age has a central role in fetal assessment and allows to choose the optimum timing for potentially life-saving surgery. Maternal assessment and stabilization appear to be an absolute priority and, in some cases, clinicians must weight maternal risks and benefits in order to offer the proper treatment. Although some major progresses have been achieved, to date, TBI management during gestation remains empirical and extrapolated from data on non-pregnant patients. Hence, treatment protocols should be adjusted accordingly to optimize maternal and fetal outcomes.
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