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Foreword

The Farber Hospitalist Service was created by the Department of Neurological Surgery to provide co-management care for neurosurgery patients from their preoperative evaluation through their postoperative care. From this experience the group compiled a book of 14 chapters co-authored by neurosurgery hospitalists and specialists to address the major issues encountered by hospitalists managing this patient population.

The first chapter lays the groundwork by reviewing the most commonly encountered neurosurgical procedures and their associated indications and outcomes. This is followed by the preoperative risk stratification and management of this patient population in preparation for neurologic surgery. Chapters 3, 4, 5, and 6 take into consideration the management of the patient with specific neurologic issues, which include subarachnoid hemorrhage, intraparenchymal bleeding, brain tumors, seizure disorders, and acute spinal cord injury. These chapters aim to define the co-management strategies with the neurosurgeon. In Chapters 7–11 the focus is on the most common complications encountered in the postoperative period. Bleeding disorders, fevers, electrolyte disorders, hyperglycemia, and pressure injuries are reviewed with respect to etiology, assessment, and management. The final three chapters focus on the important management issues that face the neurosurgery hospitalist in the co-management of neurosurgical patients. Pain management can be extremely challenging and may often require a team approach along with psychiatry, anesthesia pain management, and neurosurgery. Understanding the role of physical and occupational therapy will allow hospitalists to better plan for the disposition of their patients to home, skilled nursing facilities, or rehabilitation centers. The final chapter focuses on the unfavorable outcomes from neurosurgical procedures. Hospitalist need to understand when and how to engage palliative care in the management of this patient group.

Providers who participate in the medical management of neurosurgery patients, including hospitalists, residents, nurse practitioners, physician assistants, and medical students, will find the information practical and the management strategies easy to implement in the care of the neurosurgical patient.

—R. H. Rosenwasser, MD, MBA, FACS, FAHA, Jewell L. Osterholm
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1

Common Neurosurgical Procedures

Kevin Hines, Stavropoula Tjoumakaris, Pascal M. Jabbour, Robert H. Rosenwasser, and M. Reid Gooch

General Principles

In general, when caring for neurosurgical patients perioperatively, hemorrhage at the surgical site can be more injurious than in other specialties. Therefore a strong emphasis is placed on maintaining coagulation and platelet parameters pre- and postoperatively for these patients. As a rule of thumb, surgeons are comfortable with most neurosurgical procedures if the platelet count is greater than 100,000 and the INR is less than 1.5. In addition, patients will often need to hold antiplatelet and anticoagulant agents 1–2 weeks preoperatively. Whether from consumption, nutritional deficiency, alcoholism, or other bleeding disorders, it is important for physicians to keep these parameters in mind to prevent devastating hemorrhages in both cranial and spinal procedures.



Table 1.1 Perioperative signs associated with procedural complications, followed by immediate next steps in workup/management




	Procedure
	Signs/symptoms
	Associated complication
	Immediate diagnosis and intervention





	Ventricular peritoneal shunt

	Lethargy/headache/neurological deficit

Sudden focal neurological deficit

Severe abdominal pain/fever/sepsis/nausea or vomiting

Coughing/shortness of breath/desaturation

	Shunt failure

Pericatheter hemorrhage

Bowel perforation

Pneumothorax

	Head CT to assess ventricles

Head CT to assess size of hemorrhage

Upright abdominal x-ray or CT abdomen, general surgery consult

Chest x-ray and general surgery consult for chest tube




	Craniotomy/Craniectomy

	Decreased consciousness/ focal neurological deficit

	Surgical bed hemorrhage, hydrocephalus

	STAT head CT



	Anterior cervical discectomy and fusion

	Difficulty breathing

Hoarseness/difficulty swallowing

Difficulty swallowing/fevers/sepsis

	Hematoma, soft tissue edema

Recurrent laryngeal nerve injury

Esophageal injury

	Emergent NS evaluation

Speech and swallow evaluation, potential laryngoscopy

Chest x-ray and swallow study, general surgery evaluation




	Posterior cervical fusion

	New weakness, pain out of proportion to surgery, altered consciousness

	Epidural hematoma

	STAT CT vs. MRI C spine, immediate evacuation




	Anterior lumbar fusion

	Abdominal pain, nausea/vomiting, distension

	Bowel perforation vs. ileus

	Abdominal x-ray, abdominal CT, general surgery evaluation




	Posterior lumbar laminectomy/fusion

	Positional headaches worse when sitting up, surgical site leakage

Urinary retention, new weakness, abnormal rectal exam

	Cerebrospinal fluid leak

Epidural hematoma

	Flat bedrest, lumbar drain, surgical repair

CT vs MRI L spine, immediate evacuation




	Cerebral angiogram

	Decreased consciousness, focal neurological deficit

Severe limb pain, loss of pulses, cold limb, bruising/hematoma

Hypotension, tachycardia, pale skin

	Ischemic vs. hemorrhage stroke

Hematoma with vascular compromise of limb

Retroperitoneal hematoma

	STAT head CT, possible decompression vs intervention

STAT vascular surgery evaluation, possible cutdown with thrombectomy

Check labs, CT abdomen/pelvis, general surgery evaluation, transfuse RBCs if needed






In every scenario, open communication with the surgical team allows for quicker detection and correction of perioperative issues.



Ventriculoperitoneal Shunting

Indications

Hydrocephalus is one of the most common and dangerous problems encountered in neurosurgery. In accordance with the Monro-Kellie doctrine, inappropriate accumulation of cerebral spinal fluid directly impacts intracranial blood volume, brain parenchyma, and can cause neuronal dysfunction and/or disruption of cerebral blood flow.

Commonly encountered causes of hydrocephalus include subarachnoid hemorrhage, meningitis, neoplasm, meningeal carcinomatosis, congenital hydrocephalus, idiopathic intracranial hypertension (pseudotumor cerebri), and normal pressure hydrocephalus.

Hydrocephalus is essentially a plumbing problem and is treated with cerebrospinal fluid (CSF) diversion. Temporary diversion is achieved with a lumbar puncture, lumbar drain, or external ventricular drain. Persistent hydrocephalus requires permanent drainage with a shunting procedure or endoscopic third ventriculostomy in cases where an intracranial obstruction can be internally bypassed.

Two main options exist for long-term CSF diversion: endoscopic third ventriculostomy and extrathecal drainage (shunting). Endoscopic third ventriculostomy is used primarily for hydrocephalus caused by obstructive pathology blocking flow between the third and fourth ventricle along the cerebral aqueduct. The procedure involves using a neuroendoscope to visualize and fenestrate the floor of the third ventricle, thus connecting the lateral ventricles and third ventricle with the perimesencephalic cistern and the rest of the patient’s normal subarachnoid anatomy. Although this technique has enjoyed growing acceptance for applicable pathology, extrathecal drainage remains the gold standard for treatment. The procedures for shunting are named by the cavities they connect: ventriculoperitoneal, ventriculojugular, ventriculopleural, lumboperitoneal. By far the most common of these procedures is the ventriculoperitoneal shunt.1

Procedural Highlights

A ventriculoperitoneal shunt has three components. The proximal catheter resides in the ventricle and is connected to the valve, which is then connected to the distal catheter, which courses underneath the skin down the scalp, neck, chest, and abdominal wall before terminating in the peritoneal cavity. The proximal catheter can have several different trajectories, but the most common is a frontal entry point where the catheter traverses the frontal lobe, entering the frontal horn of the lateral ventricle and terminating in the foramen of Monroe or third ventricle.2 A more posterior entry point can be used where the catheter passes through the parietal-occipital lobe to enter the atrium of the lateral ventricle and end in the anterior frontal horn. Regardless of the trajectory, placement of the proximal catheter is accomplished by drilling a burr hole, incising the dura, and passing the catheter into the ventricular space. This is done with traditional landmarks or navigation depending on the complexity of the shunt and surgeon preference.

The shunt valve regulates the pressure needed to drain CSF and thus the amount of CSF flow through the shunt system while also providing a reservoir where CSF can be sampled or contrast introduced to evaluate shunt flow under fluoroscopy. Programmable valves are commonly used today and can be adjusted at the bedside or in the clinic using a simple magnetic shunt programmer based on the clinical or radiographic picture.

The distal catheter is the final part of the shunt system. This tube connects to the distal end of the valve and courses beneath the scalp, then down subcutaneously across the neck, chest, and abdominal wall before taking a deep turn into the peritoneal cavity. Thus CSF drained from the proximal catheter passes through the valve, through the distal catheter, and into the peritoneal cavity where it is resorbed.

Perioperative Considerations

The most feared complication in postoperative ventriculoperitoneal shunt placement is intracranial hemorrhage. Placement of the proximal catheter requires passing the catheter through normal brain parenchyma with a stylet or without a stylet through an already present tract due to prior external CSF diversion (soft passing). Trauma from the catheter, with or without the stylet, may result in parenchymal hemorrhage around the tract. Asymptomatic hemorrhage is relatively common, with rates reported as high as 18.1–43.1%.3 These are often diagnosed on a postoperative head CT routinely obtained to confirm placement of the catheter. However, approximately 2.3% of patients without coagulopathy may experience symptomatic intraparenchymal hemorrhage postoperatively.3,4 Consequences of such bleeding can be life-threatening, requiring emergent neurosurgical intervention for clot evacuation. Therefore physicians caring for patients undergoing ventriculoperitoneal shunt procedures should monitor neurological status as well as coagulation studies perioperatively and check the head CT for intraparenchymal hemorrhage.

Injury can also occur anywhere along the body where the distal catheter is passed from the head to the belly. When pushing the tunneler underneath the scalp in line with the neck aiming for the subcutaneous tissue of the chest, a crucial step for the surgeon is ensuring the shunt passer moves superficial to the clavicle. Unintended movements here can injure vascular structures in the neck or dive into the pleural space, resulting in a pneumothorax. Postoperatively, abdominal injury is also important to consider because approximately 10–30% of ventriculoperitoneal shunt complications arise within the abdominal portion of the procedure.5 Bowel perforation, if suspected, requires emergent upright abdominal x-rays, CT of the abdomen, and concomitant emergent general surgery consultation. Delayed abdominal complications include cerebrospinal loculation or pseudocyst formation, catheter migration into the subcutaneous tissue, pericapsular hepatic cystic formation, or even remote perforation due to catheter erosion into the bowel wall over time. Suspected pathology can be evaluated with an abdominal ultrasound (can be used to visualize a pseudocyst), upright x-rays, or, most definitively, a CT scan with and without contrast.

Shunt infection and shunt failure are the other two main postoperative problems that require a formulaic approach to both diagnose and properly manage. Shunt failure is defined as failure of the shunt’s ability to meet the drainage requirements of the CSF in an individual. This can be due to obstruction (partial or complete), hardware/valve failure, or increased CSF production outstripping drainage capabilities. If either is suspected, the workup starts with the clinical exam and history, lab work, and cultures, and then proceeds to noninvasive imaging. If this does not identify an obvious shunt malfunction (e.g., ventricles are larger than the patient’s baseline), more invasive testing can be performed that is aided by the shunt valve itself. All shunt valves include a reservoir that the neurosurgeon can tap to sample CSF for cultures and cell counts. Also, contrast can be injected under fluoroscopy to visualize the patency of the system.

Patients with infected shunts often present with two main symptoms: fever and shunt failure. Routinely a noncontrasted CT scan of the head is needed as well as a shunt series consisting of x-ray films to demonstrate the continuity and location of the system. Ventriculomegaly compared to a previous scan indicates shunt malfunction, and kinks or disconnections can be diagnosed on the shunt series. In the patient with abdominal pain, an ultrasound is a good first step to evaluate for a pseudocyst, although the most helpful image will be a CT of the abdomen and pelvis with and without contrast. Fever, especially within the first 6 months of implantation, should raise suspicion for device infection, yet tapping the shunt is avoided if possible until other sources of fever are ruled out. This is because interrogation of the shunt by percutaneous tap has a small but understandable risk of infecting a previously sterile shunt system.6 Bacterial etiology of shunt infections are most often skin flora; Staphylococcus epidermidis, Staphylococcus aureus, Escherichia coli, Pseudomonas spp., and Klebsiella spp. are the bacteria with the highest incidence of shunt infection with S. epidermidis being the most common.3,5 Shunt infections require shunt removal, hospitalization for extracorporeal CSF drainage during an extended course of antibiotic treatment, and then reimplantation of a new shunt once the infection has cleared.

Craniotomy and Craniectomy

Indications

Craniotomy refers to temporarily removing a portion of the skull. When the bone is left off after the intracranial operation is complete, this is a craniectomy. Both craniotomies and craniectomies are very common procedures indicated for a wide variety of reasons. Only several scenarios will be discussed here. The first is craniotomy or craniectomy for tumor resection. Reasons for tumor resection can be divided into diagnostic, neurologic, and oncologic. In order to begin treatment, whether systemic or local, radiation and medical oncologists generally require pathology to plan treatment. If no safer lesion for biopsy is identified with a systemic workup (PET scan, CT C/A/P, lumbar puncture, etc.), then a craniotomy may be performed to obtain tissue for pathology in the form of a stereotactic brain biopsy or open resection. Mass effect causing neurological impairment or even hydrocephalus may also require craniotomy for tumor resection or debulking. Finally, depending on the type and location of the tumor as well as the patient’s condition and comorbidities, resection or debulking can help with oncologic control and improve survival.

Craniectomy, or leaving the bone off after a craniotomy, is performed in order to allow for severe brain swelling usually caused by large ischemic strokes (malignant middle cerebral artery [MCA] syndrome), intracranial hemorrhages, or trauma. This is done to prevent or relieve pressure on the uninjured brain. There is a wide body of literature supporting craniectomy for the treatment of such patients.7,8,9

Procedural Highlights

In positioning for many craniotomy/craniectomy procedures, the surgeon may elect to have patients placed in a Mayfield three-prong head holder to keep the head fixed in position during a delicate procedure. This device is used to apply 60–80 pounds of force clamping the skull in rigid fixation. Calvarial exposure is accomplished with incisions designed to respect the scalp’s blood supply and avoid tissue ischemia during wound healing. Once the skull is exposed, the craniotomy is planned and carried out with several burr holes that are placed with a high-speed drill and then connected using the same drill with a saw attachment. The bone flap is then removed. Of note, the neurosurgical “workhorse” is the pterional craniotomy, which requires dissection and detachment of the temporalis muscle—an aspect of the procedure that often can cause pain during talking and chewing in the postoperative period. The bone removal exposes the dura, which is then cut open, reflected, and then tacked up to reveal the underlying brain.

At this point, the procedure will vary depending on the goal of surgery: dissection begins, and the tumor is resected, the aneurysm is clipped, the clot is removed. During the final phase of surgery, dural edges are reopposed and sutured shut. The bone is then reimplanted using a metal plating system. For craniectomies, the bone is either discarded or sent to a freezer for storage and the scalp is sewn shut, covering the dura. These patients return months later to undergo a cranioplasty procedure where the bone flap or a synthetic implant is placed. Both craniectomy and craniotomy procedures commonly have a temporary drain with bulb suction, which helps to prevent hematoma accumulation in the surgical site and is often removed on post operative day 1 or 2.

Perioperative Considerations

Depending on the pathology being addressed by the craniotomy or craniectomy, specific medical issues arise perioperatively. Many of these will be discussed in subsequent chapters, but some general issues applicable to craniotomies deserve mention. First, and perhaps most importantly, is close attention to the neurological exam. Any negative changes should be emergently relayed to the neurosurgical team and will usually mandate a head CT. Strict blood pressure control based on either mean arterial pressures or systolics is meant to prevent postoperative hemorrhage in the tumor bed. Antiepileptics are often given perioperatively at the discretion of the surgeon. Tumor patients are commonly on high-dose dexamethasone to combat vasogenic edema preoperatively, and a plan for the steroid taper usually starts after the operation. Mannitol and furosemide (Lasix) are commonly given during the case to combat brain swelling and so renal function and fluid balance should be monitored postoperatively.10,11 Deep vein thrombosis prophylaxis can usually resume on postoperative day 1, but should be judiciously dosed by weight to avoid increasing the risk of hemorrhagic complications. Complications of the procedure will also dictate perioperative medical concerns. For instance sacrificing a draining vein or sinus during the course of the surgery will predispose a patient to venous infarction, and so this patient will require generous hydration.

Finally, while cranial incisions are planned to respect the scalp’s major blood supply, these patients are at high risk of wound breakdown and infection. Factors that may be modified to improve outcomes include glycemic control perioperatively and nutritional status.12,13 Especially in oncologic patients, nutritional supplementation provides support to wounds that often undergo postoperative radiation. Hyperglycemia in postoperative patients is associated with increased infections and return to the operating room for cranial wound revision. By modifying these factors perioperatively, outcomes may be improved.

Cervical Decompression and Fusion

Indications

Cervical decompression and fusion procedures have many indications including myelopathy, radiculopathy, trauma, deformity, and instability. By far the most common are cervical myelopathy and traumatic fractures or nonunions. These tend to require central canal decompression and fusion of multiple levels. Depending on the extent and location of pathology (ventral or dorsal), patients may undergo anterior or posterior approaches, or both. If the primary indication is radiculopathy, patients may only require decompression in the form of foraminotomies or laminectomies. In general, the less bony work necessary to achieve neural decompression, the lower the chance of creating iatrogenic instability requiring fusion.

Procedural Highlights

Surgeons may take either an anterior or posterior approach to the cervical spine. The choice of approach is patient-specific, taking into account location of pathology (ventral vs. dorsal) and the goals of surgery. The anterior approach involves an incision off the midline of the neck, often in a natural fold or crease in the skin. Platysma is divided and an avascular plane medial to the sternocleidomastoid dissected, leading to the carotid sheath. The carotid is then retracted laterally and the esophagus medially, exposing the anterior vertebral body. Discectomy is performed and an interbody fusion device is placed, usually along with a plate and screws in adjacent vertebrae. In this way anterior decompression and fusion is achieved. Bleeding is controlled, a drain can be placed, and the platysma is reapproximated with sutures. Skin may be sutured or closed with a topical skin adhesive (Dermabond) per surgeon preference.

Cervical pathology may also be addressed with a posterior cervical decompression and fusion. For this procedure, the patient normally has the head placed in cranial pins to hold the neck in alignment during the procedure. The paraspinal musculature is dissected down to the spinous processes and off the edge of the lateral masses. Screws are placed in the lateral masses to stabilize the spine for bony fusion. Spinous process and lamina are drilled off to create more room in the spinal canal for the neural elements. Afterward a drain is placed and layers of muscle, fascia, fat, and skin are closed.

Perioperative Considerations

During the anterior cervical approach, critical structures encountered include the esophagus, trachea, carotid artery, internal jugular vein, vagus nerve, recurrent laryngeal nerve, and superior laryngeal nerve. From working around these structures, common perioperative medical issues are centered around breathing and swallowing function. Esophageal perforation is a rare but feared complication occurring with an incidence of 0.02–1.52%.14 Patients may encounter increased sputum production, cough, pain on swallowing, vomiting, and sepsis. The workup may require a swallowing study or CT imaging, antibiotics, and corrective surgery if these concerning symptoms are observed.

While intubation may cause irritation and trauma, hoarse voice, coughing, or aspiration raises concern for the possibility of recurrent laryngeal or superior laryngeal nerve injury during surgery.14,15 This is a concerning morbidity as nerve damage here will raise the long-term risk of aspiration for patients. Disruption of swallowing function is especially a concern in elderly patients. If swallowing function is a concern, patients may receive a course of steroids to decrease swelling from intubation and surgery. Often this is enough to alleviate symptoms. Further workup of these symptoms includes speech and swallow evaluation, and subsequent laryngoscopy by an otolaryngologist will be required to investigate vocal cord function. On occasion, the vocal folds may be injected with a collagen-like substance to address glottal insufficiency in postoperative patients with vocal cord paresis.16

Lastly, careful attention should be paid to respiratory function in the immediate postoperative care of anterior cervical procedures. If bleeding is uncontrolled, damage to the carotid sheath occurs; or, if the drain left intraoperatively does not function correctly, a hematoma may form and compress the airway. In these instances intubation is can be difficult and the patient may need the surgical wound emergently opened at bedside to relieve pressure on the airway.14

Whereas the dissection for the anterior approach takes advantage of natural tissue planes between the neck musculature to reach the ventral spine, the posterior approach cuts and retracts the musculature overlying the dorsal spine. Therefore, while possible injury to the esophagus, jugular vein, recurrent laryngeal nerve, and carotid artery is avoided, this approach invariably results in more postoperative pain compared to the anterior approach. The pain should be managed with judicial use of narcotics and muscle relaxants. Severe pain, especially pain that increases after a period of initial improvement, should raise suspicion for a postoperative hematoma and requires emergent attention. Since the lamina has been removed in most cases, a mass lesion here can directly compress the spinal cord, leading to potentially irreversible sensory changes or weakness.17 Usually emergent imaging (MRI provides a better image but a CT can also demonstrate a postoperative hematoma more quickly) will be followed by an emergent return to the operating room for evacuation.

Regardless of the approach, patients who undergo cervical decompression or fusion are at risk for a postoperative C5 palsy which manifests as deltoid weakness. This is a phenomenon that is well described but not completely understood. The C5 nerve root is presumed to be at greater risk for injury after a decompressive procedure due to the angle at which it leaves the spinal cord. One of the proposed mechanisms is tethering of the nerve root after the spinal cord is decompressed and moved dorsally. However, segmental ischemia and reperfusion injury from disruption of radicular vasculature has also been proposed. This occurs in 4–8% of these cases.18,19 In studies comparing the incidence of C5 palsy in cervical approaches, ventral approaches (4.3%) had a lower incidence of C5 palsy than dorsal approaches (10.9).18 There have been studies suggesting that perioperative steroids may be of benefit, but most studies suggest that high-dose steroids may delay fusion, and the majority of these patients ultimately improve on their own.

Lumbar Decompression and Fusion

Indications

Lumbar procedures have many indications but are often pursued after a lengthy workup and trial of nonoperative therapy. While there are emergent and urgent indications for surgery, such as instability secondary to trauma, epidural abscess, and cauda equina syndrome, most indications fall under criteria defined by the North American Spine Society (NASS). Indications include deformity (sagittal or coronal imbalance), lumbar stenosis, recurrent disc herniation, synovial facet cyst, discogenic low back pain, and pseudarthrosis of previous fusions. Patients often trial physical therapy, medical pain management, and pain injections with a specialist before being scheduled for surgery. This ensures the best outcome as many of these patients will do well without surgery and can be managed nonoperatively.

Procedural Highlights

Lumbar procedures are achieved through either an anterior, lateral, or posterior approach. Each has its own complications inherent to the anatomy encountered along the way to the spine. Similar to cervical surgery, the choice of approach is patient-specific. Location of pathology, vascular disease of the aorta and great vessels, and goals of surgery (such as degree of lordotic correction) all play a role in determining whether an anterior or posterior approach is more appropriate for a particular patient.

The anterior approach begins with a small, lower abdominal incision; the musculature is split longitudinally and the peritoneal cavity is pushed medially. At this point the surgeon has to retract the aorta, inferior vena cava, iliac artery, and vein to properly visualize the vertebral bodies and disc space. For this reason the approach is often performed by a general or vascular surgeon. The lumbar disc is then removed and an interbody placed with or without plate fixation, analogous to the way an anterior cervical discectomy and fusion is perform in the neck. Once completed, the access surgeon will usually assist in the closure.

Lateral approaches to the lumbar spine involve a lateral incision through which the retroperitoneal cavity is accessed and the kidney is displaced anteriorly to gain access to the lateral aspect of the lumbar spine. Using dilators, a tract is created through the retroperitoneal space, sometime right through the psoas muscle, and into the disc space for the surgery. The disc space is cleaned out, and graft and cages/spacers are placed into the disc space.

Finally, the most routinely used approach to the lumbar spine is from the back. This is achieved through a midline incision through which fascia and paraspinal muscle are separated to expose the posterior bony elements. From that point, there may be decompression of bony elements and instrumented fusion. Drains may also be left after the critical portion of surgery is completed depending on hemostasis, number of levels of surgery, and whether or not the surgery is a repeat procedure.

Perioperative Considerations

With every approach, it is important to note any neurological change in strength, sensation, and ability to void. Patients often have postoperative urinary retention secondary to Foley placement, anesthesia, and narcotics. However, a compressive lesion in lumbar surgery from bleeding can lead to urinary retention, pain, bowel/bladder incontinence, or new weakness or numbness and necessitate a return to the operating room.20 This is especially pertinent in posterior approaches because the paraspinal musculature is very well vascularized and has a high propensity for continued bleeding.

Regarding the anterior and lateral approaches, the neurological exam is important as described earlier; however, a crucial addition here is that attention must be paid to bowel function. While any patient receiving anesthesia and narcotics is at risk for a postoperative ileus, patients undergoing an anterior or lateral approach are specifically at risk due to manipulation of the abdominal contents.21 A clear liquid diet is usually started postoperatively and is slowly advanced once tolerated. If an ileus does develop, the patient may require nasogastric tube placement. Any signs or symptoms concerning for sepsis or peritonitis should raise suspicion for bowel injury and initiate emergent abdominal imaging as well as consultation with general surgery.22,23

Another component of the lateral and anterior approaches that affects postoperative care is possible injury to the iliac arteries and veins, aorta, or inferior vena cava. Broadly speaking, if a vascular injury does occur, this is usually obvious during the surgery and appropriate management begins in the operating room. Nonetheless, any new circulatory changes in the lower extremities postoperatively (e.g., swelling due to venous thrombosis or signs of limb ischemia from an arterial event) should be investigated immediately with vascular imaging.22,23

Finally, a complication relevant to all lumbar and cervical surgeries is CSF leak. A CSF leak occurs when the dural covering of the central nervous system is violated and may lead to complications such as intractable headaches, infections, poor wound healing, and, in severe cases, cerebral hygromas or subdural hemorrhages. Especially in revision cases, where the risk is much higher, patients may develop damage to the dura causing persistent leak which can manifest with persistent positional headache. These patients have worse symptoms when sitting up as more pressure is placed on the dural defect, and they gain relief when lying flat. They may also have leaking of spinal fluid through the incision or into Jackson-Pratt drains, causing serous output rather than serosanguineous output. If patients have a leak unable to be repaired intraoperatively, the surgeon may place a lumbar drain to drain CSF in a controlled manner that allows the dural defect to heal.24

Cerebral Angiogram

Indications

Cerebral angiography is now an indispensable part of neurosurgery, used for a wide variety of both diagnostic and therapeutic purposes. A cerebral angiogram is a dynamic vascular study that provides high-resolution temporal images of the cervical and cranial vasculature, in the arterial, capillary, and venous phases. Aneurysms, arteriovenous malformations, arteriovenous fistulas, carotid stenosis, and strokes caused by large vessel occlusion are both evaluated and routinely treated via the endovascular approach utilizing angiography. Diagnostic angiograms, carotid stents, and stroke interventions (mechanical thrombectomy) are usually performed with conscious sedation, whereas interventions such as coil embolization, intracranial stenting, or injection of a liquid embolic agent (usually Onyx) for treatment of vascular malformations is most commonly performed under general anesthesia.

Procedural Highlights

While the indications for the procedure may vary greatly, the general framework for each procedure remains largely the same. Access to the arterial system begins with a puncture of usually the femoral or radial artery, and a sheath is placed.25 This access provides a port whereby catheters and wires can be introduced without repeated injury to the vessel. Catheters are then maneuvered under fluoroscopic guidance as contrast is injected to visualize the vasculature. A simple diagnostic angiogram consists of only obtaining the x-ray images—taking pictures—and, in almost all instances, the catheter does not have to be advanced beyond the level of the neck. For interventions, more sophisticated catheters, balloons, and wires are employed to treat pathology throughout the cervical and cranial vasculature.

Once the procedure is completed, catheters and wires are removed and a closure device is used for hemostasis where the sheath had been placed. For radial access this consists of a bracelet that contains an inflatable pressure dressing. Several different closure devices are used for femoral closure and apply a subcutaneous stitch or collagen plug to the arteriotomy.

Perioperative Considerations

As with most neurosurgical procedures, neurological status should be monitored closely after any diagnostic angiogram or intervention. An acute embolic event during the procedure should be immediately recognized by the interventionalist who, at that time, can potentially attempt a mechanical or chemical thrombectomy while the patient is still in the angio suite. For the patient who has left the angio suite and is on the floor, neurological changes must be promptly recognized and worked up. Arterial dissection or stent thrombosis may cause sudden changes consistent with an ischemic stroke. Vessel injury leading to hemorrhage or hemorrhage into a stroke will usually present as a rapid progression toward coma. For straightforward diagnostic angiograms the risk of a hemorrhagic or ischemic complication is generally felt to be less than 1%. This risk is higher in more complicated interventions.26

Physicians caring for patients undergoing a cerebral angiogram must also have a strong understanding of the patient’s renal function. While patients are hydrated before and after the procedure with intravenous fluids, they are at risk of contrast-induced nephropathy given the large bolus of contrast used for the procedure. In addition, heart failure and other comorbidities may limit the ability to fully hydrate the patient. As a result, it is important to note markers of kidney function, urine production, and electrolytes pre- and postoperatively. Renal disease is not a direct contraindication to the procedure but may require discontinuation of nephrotoxic medications (e.g., metformin) and administration of renal protective agents such as sodium bicarbonate and volume expansion.27,28

Lastly, the other perioperative issue to monitor for in this patient population is vascular complications related to puncture of the artery. If the patient has poor vascular status, this may compromise the artery and result in distal limb ischemia.28,29 Patients will note excruciating pain distally and have a poor pulse and low pulse oximetry in the affected leg or arm. One must have a low threshold to consult vascular surgery for any concern of limb ischemia.

For patients who have had femoral access, hypotension, a drop in the hemoglobin level, or back pain should alert the practitioner to the possibility of a retroperitoneal hematoma. These patients should be watched very carefully because a patient with a large retroperitoneal bleed can suffer significant blood lose into the retroperitoneal cavity with minimal groin swelling/hematoma.29 If there is concern for this complication, an immediate hemoglobin study and a CT of the abdomen and pelvis should be obtained to evaluate for a large bleed. This can usually be managed with blood transfusions and observation in the ICU; however, again, there should be a low threshold for consulting trauma or vascular surgery.

While it is common to avoid blood thinning medications in neurosurgical patients, endovascular procedures are often the exception to this rule. It is important to note that this is the case when flow diversion or stenting techniques are used. In these procedures, patients must strictly adhere to dual antiplatelet therapy postoperatively or risk thrombosis of the device and cerebral infarction. It is not unusual to follow lab values such as the P2Y12 to ensure adequate response to the antiplatelet agent of choice.

Conclusion

While neurosurgical procedures are specific to the central nervous system, a multisystem approach is required by physicians caring for these patients to ensure recognition of complications of the procedure and ensure the best outcome for the patient. Whether a craniotomy, spinal surgery, or cerebral angiogram is being performed, understanding the surgeon’s goals, surgical approach, and potential pitfalls will help guide the treatment and evaluation of these patients perioperatively. Finally, it is worth stressing that there is no substitute for direct communication between the surgeon who performs the operation and the physician involved in caring for the patient in the postoperative period. A brief clarifying phone call between these two practitioners will undoubtedly save both time and energy in the long run and, more importantly, result in better patient care.
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Preoperative Evaluation of Neurosurgical Patients

Aditya Munshi and Geno Merli

Introduction

Traditionally, preoperative evaluation has consisted mainly of assessing a patient’s cardiac risk and determining the need for cardiac testing before surgery. However, patients undergoing noncardiac surgery are at risk for a multitude of complications involving different organ systems. Patients undergoing surgery are at risk for cardiac complications as well as risks from the procedure being performed. Procedural risks are grouped, first, into risks arising from the surgery itself and from anesthesia; these are usually nonmodifiable and are not addressed in this chapter. The second group is that of medical complications, the risk of which is determined by the patient’s overall condition, comorbidities, and nutritional and functional status. These factors are modifiable up to a certain degree, and the aim of this chapter is to address the approach to stratify these risks in a neurosurgical patient.

Neurosurgical patients are often chronically ill, having other comorbid conditions affecting their surgical outcomes.1,2 Additionally, bleeding events within the small confines of the central nervous system can have catastrophic consequences, making identification of coagulation abnormalities imperative. Many neurosurgical procedures are performed urgently or emergently, making them inherently high risk from the cardiac standpoint.3 These patients also tend to have longer hospital stays with prolonged periods of immobilization, making thrombosis prevention critical.

This chapter covers a broad approach from the perspective of a hospitalist physician evaluating a patient prior to surgery; here, we review current guidelines, recommendations, and future directions on stratification of cardiac, thrombotic, and bleeding risk, as well as the role of placing inferior vena cava (IVC) filters preoperatively. We also cover the use of risk assessment scores to aid in decision-making and how to combine their use with diagnostic testing such as electrocardiograms or echocardiograms in selected patients.

Cardiovascular Risk Stratification of the Neurosurgical Patient

Cardiovascular events account for one of the largest causes of intra- and postoperative morbidity and mortality.3 A significant number of patients have asymptomatic coronary artery disease and an even larger number have risk factors predisposing to coronary disease. Careful and systematic assessment of these patients is therefore an imperative step of the presurgical encounter. Per guidelines of the American College of Cardiology and the American Heart Association (ACC/AHA),3 risk stratification should be based on the combined risk of the procedure itself, urgency of the procedure, and clinical factors. The ACC/AHA guidelines define a low-risk procedure as one that has less than 1% risk of major adverse cardiac events (MACE) based on the combined patient and surgical characteristics. A risk of 1% or more for MACE for a procedure is considered elevated risk. The most recent guidelines (2014) stratify procedures into two groups only—low risk and elevated risk.3 In addition, many neurological surgeries fall under the urgent or emergent categories, thereby adding to the combined risk. A retrospective study based on the American College of Surgeons–Surgeons National Surgical Quality Improvement Program (ACS–NSQIP) looked at factors associated with perioperative cardiac arrest in craniotomy and spine surgery.1 The results suggested that the risk for cardiac arrest was significantly higher with craniotomies compared to spine surgery and concluded that American Society of Anesthesiology (ASA) class 4 and 5 patients, totally dependent patients, and Asian and black patients were at higher risk of having a cardiac arrest in the perioperative period. These findings highlight the importance of including functional capacity and comorbid conditions, and they favor an overall comprehensive approach for each neurosurgical patient. In this chapter, we review existing guidelines and aim to provide a comprehensive approach incorporating the use of risk indices, functional status, procedural risk, and urgency of surgery.

Risk Indices

Risk indices provide an easily accessible and standardized approach to estimating each patient’s risk for perioperative complications. There are several scales in use today.

The first preoperative risk index was published by Goldman et al.4 in 1977; it used a point-based system assigned to nine factors found to have independent correlation to cardiac outcomes. Indices have evolved a lot since this first one was published. Here, we review some of the most widely used ones and provide a brief overview of the differences between them.

Lee’s Revised Cardiac Risk Index

In 1999, Lee et al.5 developed a risk assessment tool based on a patient cohort aged older than 50 years with an expected length of stay (LOS) of 2 days or longer: the Revised Cardiac Risk Index (RCRI). It was validated against the existing risk assessment indices available at the time. Lee’s risk index is one of the simplest risk assessment tools available; it uses six factors—high-risk surgery (intrathoracic, intraperitoneal supra-inguinal vascular); history of ischemic heart disease; history of congestive heart failure; history of stroke or transient ischemic attack (TIA); preop treatment with insulin; or creatinine greater than 2 mg/dL at baseline. The usefulness of the RCRI in predicting MACE has been tested on several other datasets and was found to perform satisfactorily on patients undergoing mixed noncardiac surgery.6 It underperformed in predicting cardiac complications after vascular surgery.6,7 Close to two decades after it was published, it remains one of the most widely used risk indices today. With time, it will require modification to include new evidence and data, as is the case with all such indices.

ACS NSQIP Surgical Risk Calculator

The ACS NSQIP database was created in the Veterans Health Administration with the aim to improve surgical outcomes. It now includes more than 600 hospitals and over time has been shown to have improved surgical quality and reduced mortality.8,9 In 2013, Bilimoria et al.10,11 developed an online tool using this dataset; it was based on nearly 1.5 million patients from more than 350 hospitals in the ACS NSQIP database. The tool uses 21 factors to predict 8 complications of surgery, making it far more extensive than other risk indices. It has been shown to perform well for all eight outcomes. It includes a surgeon adjustment score to incorporate the subjective component based on a surgeon’s assessment. Despite being based only on hospitals included in the NSQIP database, it provides a useful tool to predict mortality as well as other postsurgical complications in patients undergoing a wide range of procedures.

Gupta Scale

In 2011, Gupta et al.12 used the ACS NSQIP data to publish a risk calculator to predict the risk of myocardial infarction (MI) or cardiac arrest intra- and postoperatively. It was validated against the RCRI and performed better overall. Five factors were used in the final calculator; these include American Stroke Association (ASA) class, dependent functional status, creatinine level of 1.5 mg/dL or greater, type of surgery, and increasing age. Limitations of the NSQIP database have carried forward to the Gupta scale. These include lack of data on preop cardiac testing, limited endpoints (MI and cardiac arrest only), no consideration of beta-blocker use, and no accounting for the presence of aortic stenosis.

Use of Risk Scales in Estimating Perioperative Risk

Although several risk assessment tools are available to the physician performing a preoperative evaluation, it is recommended that one of the preceding tools be used. The Gupta and Bilimoria scales based on ACS NSQIP data include high-risk patients and have been shown to estimate risk accurately. On the other hand, the RCRI is simple to use and performed moderately well in distinguishing high-risk from low-risk patients. We recommend using a risk index to determine if a patient’s risk for MACE is 1% or higher (as noted earlier, patients are considered low risk if the risk for MACE is <1% and elevated risk if the risk is ≥1%). However, it must be kept in mind that risk indices are not a substitute for clinical judgment or a physical exam. An approach to the patients at elevated risk is discussed later in this chapter.

Functional Status

Exercise capacity or functional status has long been considered a marker of cardiovascular health and, indirectly, a metric for predicting operative cardiovascular risk. The 2014 ACC/AHA clinical practice guidelines recommend using functional capacity to aid in the decision-making process for ordering cardiac testing preoperatively.3 The most commonly used method of quantifying functional status is a subjective approach in which patients are asked what level of activity they can routinely perform without symptoms. Predefined activities are correlated to metabolic equivalents (METs). For example, 1 MET is equivalent to the resting oxygen consumption of a 40-year-old male weighing 70 kg; less than 4 METS is equivalent to slow walking; and more than 4 METS is equivalent to climbing up a flight of steps, or walking uphill, or performing heavy work around the house. Any patient unable to tolerate 4 METS of physical activity is considered to be at elevated risk.13 Standardized tools for measurement of functional capacity also exist, such as the Duke Activity Status Index (DASI)14 or cardiopulmonary exercise testing (CPET). In 2018, Wijeysundera et al.15 published data comparing outcomes in patients who underwent functional capacity assessment by DASI, self-reported subjective assessment, and CPET. It was reported that only DASI scores correlated to postoperative cardiac events, whereas subjective assessment and CPET did not (patients doing poorly on CPET had a higher rate of pulmonary and other noncardiac complications but there was no correlation with cardiac events). Additionally, the same study showed that a higher level of N-terminal pro b-type natriuretic peptide (NT-proBNP) correlated with a higher risk of 30-day myocardial injury and death as well as 1-year death.15 These findings are significant because they highlight the limited role of self-reported functional status and show that a lab test could potentially be a substitute for it. CPET was not shown to be useful in predicting cardiac events but did predict other adverse outcomes; more data are needed to show how it can be incorporated into the assessment algorithm.

Canadian Cardiovascular Society Guidelines

Of the published preoperative guidelines, the recently released Canadian guidelines were one of the earliest to place emphasis on changing the existing approach to preop assessment; therefore we incorporate a detailed overview of these guidelines here.

In 2017, the Canadian Cardiovascular Society updated their preoperative cardiac risk assessment guidelines.16 These guidelines introduced several changes to established practice. They recommend a change in focus from preoperative noninvasive testing to biomarker measurement and postoperative troponin level measurement. The main points from the paper are summarized here:


• Recommend measuring NT-proBNP or BNP in patients who are 65 years of age or older or 45–64 years of age with a cardiac history or have an RCRI of 1 or greater.17,18,19,20,21

• Recommend against performing resting echocardiography, CT coronary angiography, CPET, exercise stress testing, or nuclear stress testing for preoperative risk assessment.

• Do not recommend initiating or continuing aspirin for cardiac prevention (unless the patient has a recently placed coronary stent or had a recent carotid endarterectomy).

• Do no recommend starting beta-blockers or alpha-2 agonists in the day prior to surgery.

• Recommend holding angiotensin converting enzyme (ACE) inhibitors or angiotensin receptor blockers for 24 hours prior to surgery.

• Recommend smoking cessation to be encouraged prior to surgery.

• Recommend daily troponin measurement in the first 48–72 hours postop for patients who have a significant cardiac history or are 65 years old or older.

• Recommend that patients who develop postop MI or myocardial injury be started on long-term statin and aspirin therapy.



These updates change established practices in several ways. Measurement of NT-pro-BNP or BNP for high-risk patients is recommended instead of noninvasive cardiac imaging or stress testing, which have long been the approach to stratifying high-risk patients. The recommendation to measure NT-proBNP or BNP was based on several meta-analyses showing a correlation between elevated NT-proBNP/BNP levels and MI or death in the postoperative period.17,18,19,20,21 In addition, there was evidence suggesting that biomarker measurement was superior to echocardiography in predicting adverse perioperative outcomes.22 The other significant recommendation is to measure daily troponin for 48–72 hours in patients deemed at high risk on the initial assessment (patients ≥65 years or older or those with elevated biomarkers). This addresses the problem of many postoperative MIs being asymptomatic or “silent.” The routine surveillance of troponin levels ensures that perioperative myocardial injury does not remain undetected. There is evidence showing that an elevated postoperative troponin level is a strong predictor of mortality at 30 days and 1 year.23,24

In summary, the 2017 Canadian Cardiovascular Society guidelines cover important updates to the preop assessment approach. These recommendations are based on high quality evidence, and it is our recommendation that a gradual transition be made from established practices to those recommended in these guidelines.22

Who Should Undergo a Preoperative Cardiovascular Evaluation?

Choosing patients who require a preoperative cardiovascular evaluation for neurosurgery requires that certain specific considerations be taken into account. If we consider a preoperative evaluation covering all organ systems, all patients except those requiring emergent surgery should have a thorough history and physical exam. This includes a history of bleeding events, thrombosis, serious drug reactions, and signs indicating poor respiratory or cardiac function. Surgeries that are emergently indicated should not be delayed to perform a preoperative evaluation. In almost all these cases, the risks of delaying surgery outweigh the benefits from identifying any modifiable condition. Examples of emergent neurosurgeries would include spine surgery for neurological compromise arising from cord compression or epidural abscess and urgent craniotomy for intracranial hemorrhage where even a short delay can lead to irreversible neurologic damage.

All other patients should have a risk assessment performed using a risk index. Based on this score, they are classified into a low-risk or elevated-risk group. Our approach to stratifying cardiac risk in patients is outlined here.

Very-high-risk patients: Patients who have ongoing or decompensated cardiac conditions are at a very high risk for intra- and postoperative cardiac complications. Examples include patients with severe or symptomatic valvular heart disease, recent MI with or without revascularization, unstable angina, decompensated heart failure, high-grade conduction abnormalities, or malignant ventricular arrhythmias. These patients should be referred to a cardiologist before proceeding with surgery.

Low-risk patients: Patients with a less than 1% risk for cardiac complications on a risk assessment scale are considered low risk and do not need further testing prior to noncardiac surgery.3,16

Elevated-risk patients: Patients with a 1% risk or higher are considered elevated risk. The Canadian guidelines recommend that all patients older than 65 years of age and those between 18 and 64 with significant heart disease also be included in this category.16 If a patient is found to be at elevated risk, it is recommended that further testing be carried out. The choice of test should be determined by the patient’s functional capacity and overall clinical presentation. The Canadian guidelines recommend biomarker testing in every patient who is at elevated risk and troponin monitoring 48–72 hours postoperatively.16 Patients with poor functional capacity (<4 METS) need to undergo further cardiac testing. We recommend selecting a testing modality based on a patient’s individual clinical presentation. The different modalities are discussed in brief here.

Stress testing: In routine practice, noninvasive stress testing is used to detect asymptomatic coronary artery disease (CAD) in patients with specific clinical indications. Preoperative stress testing should not be performed just because a patient is undergoing surgery,25 and it should be limited to patients in whom asymptomatic CAD is suspected. There have been several studies evaluating the usefulness of preoperative stress testing in detecting CAD.25,26,27,28,29 In addition, studies have shown that a higher percent of ischemic myocardium and multiple reversible defects on myocardial perfusion imaging are associated with a higher incidence of postop cardiac death or nonfatal MI.30,31 Stress testing has a very high negative predictive value, but the positive predictive value is not very high. Therefore, patients with a negative stress test have a very low risk of postoperative cardiac complications, but its utility in the highest risk patients is somewhat limited.32,33

Resting echocardiography: The use of resting echocardiography in the preoperative setting should be primarily limited to evaluation of left ventricular ejection fraction in patients who are suspected of having systolic heart failure on the preliminary assessment or workup of suspected severe valvular disease in a patient undergoing semi-urgent or elective surgery. Resting echocardiography has not been shown to be superior to biomarker testing and is not recommended as a substitute to stress testing or BNP testing for elevated risk patients. This was discussed in detail earlier.

Role of preoperative electrocardiography: A 12-lead ECG is performed in a significant number of patients undergoing a preoperative evaluation. Its utility is well-defined in patients with arrhythmias, ischemic heart disease, and known CAD. However, the ECG may be normal or nonspecific even in patients with ischemic heart disease. Moreover, nonspecific, common baseline abnormalities make it less useful as a tool to diagnose asymptomatic CAD. It has been shown that bundle branch blocks, ST depressions, pathologic Q-waves, and left ventricular hypertrophy on preop ECGs were predictive of postoperative MIs.34 However, the findings from different studies have not been consistent in defining which abnormalities correlate to higher risk of postoperative cardiac complications nor was this correlation found to be superior to using risk factors obtained from the patient’s history.3,35 Our recommendation is to use preoperative ECGs to aid decision-making in patients undergoing intermediate- or high-risk surgery.3 Routine ECGs for every patient undergoing surgery are not recommended, and age cutoffs should not be used as this has not shown to be of benefit in predicting adverse cardiac outcomes from surgery.34,36

The proposed algorithm for preoperative cardiovascular risk stratification of neurosurgical patients is outlined in Figure 2.1.
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Figure 2.1 Cardiovascular risk stratification of patients undergoing neurosurgery.



Preoperative Hemostasis Risk Assessment

An assessment of bleeding risk and identification of coagulation abnormalities is a vital step in all preoperative evaluations. Surgeries to the brain and spine, if complicated by bleeding, can have devastating consequences given the small confines of the central nervous system. If these are not detected and addressed in time, the patient may be left with permanent neurological deficits. Historically, an approach combining history and judicious lab testing has been favored.37 Thorough history-taking can identify most coagulation abnormalities.38,39 However, lab tests have the advantage of overcoming inconsistencies in the patient’s memory in providing a history or a physician who does not obtain a proper history. Sometimes patients have a coagulation defect that has not yet presented itself or have an acquired coagulation defect that was not present at the time the patient last had surgery.40 Therefore, we favor the combined approach outlined here.

Rapaport published a review in 1983 to guide physicians ordering lab tests for preop hemostasis assessment; most recommendations covered in his paper are still followed today. Detection of coagulation abnormalities requires a thorough and standardized approach to avoid missing any relevant information and to provide consistent results between different providers. We recommend using a questionnaire based on that published by Rapaport37; a slightly modified version is outlined here.


• Have you had prolonged bleeding after a minor injury such as biting your tongue or lip?

• Do you develop large bruises without any obvious injury?

• Have you had any tooth extractions? And if yes, for how long did you bleed after the extraction?

• Have you had any surgeries or procedures? Was bleeding difficult to control during or after these surgeries?

• What medications do you take? Do you take any anticoagulants or aspirin?

• Have any blood relatives had bleeding problems? If yes, what led to the bleeding event?



In addition to this questionnaire, a physical examination must be performed to look for signs such as petechiae, bruises, spider angiomas, joint deformities, hematomas, and the like. Routine laboratory testing of every patient undergoing surgery is not recommended.37,39,41

If the history and physical exam indicate that a coagulation abnormality is present, a prothrombin time (PT), activated partial thromboplastin time (aPTT), and platelet count should be checked.41 A patient with a history of serious bleeding or a clinical condition such as liver disease requires a more comprehensive assessment and possibly referral to a specialist. For more details regarding management of bleeding disorders in the neurosurgical patients, please see Chapter 7.

Venous Thromboembolism Risk in the Neurosurgical Patient

Deep venous thrombosis (DVT) and pulmonary embolism (PE) are causes of significant morbidity and mortality in hospitalized patients and even more so in postoperative patients.42 Moreover, neurosurgical patients are at high risk for DVT/PE, including patients with brain tumors, spine surgery, and patients undergoing craniotomy for indications other than tumors.43,44,45,46,47,48 This makes the assessment and reduction of thromboembolism risk critical in all patients undergoing neurosurgery.

The modified Caprini index is a widely used scoring system based on the Caprini index modified by the American College of Chest Physicians (ACCP).49 It has been validated in patients undergoing surgery. Points are assigned for various VTE risk factors and added up. Based on the total score, patients are grouped into very low risk, low risk, moderate risk and high risk (Figure 2.2). This provides a simple and easy-to-use method of estimating a surgical patient’s VTE risk. The ACCP recommends prophylaxis based on estimated baseline risk; the recommendations are summarized in Figure 2.2.
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Figure 2.2 Algorithm describing estimation of venous thromboembolic (VTE) baseline risk and prophylaxis recommendations.



Moreover, the ACCP guidelines provide recommendations for specific surgical procedures. We summarize those relevant to neurosurgeries here49:


• Patients undergoing craniotomy: Recommend mechanical prophylaxis versus no prophylaxis or pharmacological prophylaxis. For craniotomy patients at very high risk for VTE (undergoing surgery for malignancy) the addition of pharmacological prophylaxis (low-dose unfractionated heparin [UFH] 5,000 units SC q12h or q8h or low-molecular weight heparin [LMWH] 40 mg/d SC) to mechanical is recommended once adequate hemostasis has been achieved and bleeding risk is deemed to be lowered.

• Patients undergoing spine surgery: Recommend mechanical prophylaxis over no prophylaxis, LMWH, or UFH. If a spine surgery patient is at high VTE risk (malignancy or anterior-posterior approach surgeries), then the addition of low-dose UFH 5,000 units SC q12h or q8h or LMWH 40 mg/d SC to mechanical prophylaxis is recommended after adequate hemostasis has been achieved and bleeding risk decreased as far as possible.



Inferior Vena Cava Filters

IVC filters were developed to prevent PE arising from the deep veins of the lower extremities when full-dose anticoagulation cannot be administered. However, use of IVC filters is also associated with complications arising from the presence of the device. In general, the ACCP guidelines do not recommend the use of IVC filters for VTE prophylaxis.49 The development of retrievable filters has made it possible to decrease or, in theory, eliminate the occurrence of DVT associated with the long-term presence of an IVC filter. But, in practice, there are immediate complications after filter placement, and many retrievable filters are never removed.50,51 Given that IVC filter placement is not widely recommended and that the decision for patient selection involves consideration of several complex clinical factors, we recommend that high-risk patients who have an acute proximal DVT with contraindications to anticoagulation be evaluated by a specialist for IVC filter placement. These patients should also have close follow-up in the postoperative period to coordinate retrieval of the filter with resumption of anticoagulation postoperatively.

Conclusion

In this chapter, we address the overall approach that a hospitalist physician should follow while risk stratifying a neurosurgical patient preoperatively. We review some of the relevant recent guidelines and recommendations, highlighting nuances specific to neurosurgical patients. Therefore, in addition to what is covered in this chapter, other general preoperative considerations common to the evaluation of patients undergoing noncardiac surgery should be followed. In conclusion, our current approach combines the recommendations from the ACC/AHA guidelines while incorporating new data and guidelines from the recently published Canadian guidelines for certain patients, and we recommend this approach until more data are available in support of the changes recommended in the Canadian update of 2017.
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