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Abstract
Liver cirrhosis, a devastating liver fibrosis caused by hepatitis/inflammation or tumors, is a major comorbid factor in known surgery fields, such as cardiovascular and abdominal surgeries. It is important to review possible comorbid results in neurosurgical procedures in cirrhotic patients. In the reviewed literature, Child-Pugh and model for end-stage liver disease scores are commonly used in the assessment of surgical risks for cirrhotic patients undergoing abdominal, cardiovascular or neurosurgical procedures. The major categories of neurosurgery are traumatic brain injury (TBI), spontaneous intracranial hemorrhage (SICH), brain tumors, and spinal instrumentation procedures. TBI was reported with surgical mortality as high as 34.5% and a complication rate of 87.2%. For SICH, mortality ranged from 22.7% to 47.0%, while complications were reported to be 43.2%. Less is discussed in brain tumor patients; still the postoperative hemorrhage rate approached 26.7%. In spinal fusion instrumentation procedures, the complication rate was as high as 41.0%. Preoperative assessment and correction could possibly decrease complications such as hemorrhage, wound infection and other cirrhosis-related complications (renal, pulmonary, ascites and encephalopathy). In this study, we reviewed the neurosurgical-related literature with regard to liver cirrhosis as a prognostic factor influencing neurosurgical outcomes. 
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Core tip: Liver cirrhosis is a major comorbid factor for surgical patients, including neurosurgery. We reviewed published articles in the field of neurosurgical procedures. For the high incidence of morbidity/mortality rate, in cirrhotic patients, procedures should be carefully assessed and managed aggressively toward the coagulopathy and nutritional status.
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INTRODUCTION
Liver cirrhosis has been identified as a risk factor for increased morbidity and mortality in surgical patients[1-9], trauma patients[3-5,9], and patients undergoing emergent major surgery such as laparotomy, cardiac, and thoracic surgery[1,5,9-12]. A search of the literature found overall mortality rates as high as 45%-50% for patients with liver cirrhosis undergoing emergent nonhepatic surgery[8,13-17] and 40% for trauma surgery[3-5]. Furthermore, liver cirrhosis was also associated with increased postoperative morbidity and longer hospitalization in patients undergoing elective nonhepatic surgery[13-15,18]. Liver cirrhosis, and its associated bleeding tendency, is also a challenge for neurosurgeons in brain and spine surgery. For example, spontaneous intracranial hemorrhage (SICH)[19,20] and traumatic head injury[21, 22] in cirrhotic patients have been reported in the literature; however, such reports have been sporadic, and relatively little has been published regarding cirrhotic patients who undergo neurosurgical procedures.
In our previous study[21], we found the overall complication rate for brain surgery with liver cirrhosis was 52.1% and the mortality rate was 24.3%. These high rates emphasize the importance of reviewing the recommendations for patients harboring this devastating systemic disease, including for patients needing neurosurgical procedures. The following study reviewed the risks and outcomes accompanying neurosurgical procedures in patients with liver cirrhosis.

TRAUMATIC BRAIN INJURY IN PATIENTS WITH LIVER CIRRHOSIS
For patients with traumatic brain injury (TBI), liver cirrhosis is a significant risk factor for postoperative complications. Over a 5-year-period, according to the National Trauma Databank in America[22], cirrhotic patients with TBI significantly experienced more ventilator days compared with noncirrhotic patients (2.9 ± 6.4 d vs 2.0 ± 6.4 d, P < 0.001). In addition, overall mortality was almost two-fold higher for cirrhotic compared with noncirrhotic TBI patients (34.0 % vs 18.1%, OR = 2.34, 95%CI: 1.05-5.20, P = 0.035). 
In our previous study[21] , we found the complication, rebleeding and mortality rates reached 84.4%, 68.8%, and 37.5%, respectively, in acute TBI patients. According to the Child-Pugh score system (Child), the complication rate increased in a step-wise fashion from 38.7% to 60.0% and then 84.2%, the rebleeding rate from 29.3% to 48.0% and then 63.2%, and the mortality rate from 5.3% to 38.0% and then 63.2% for Child A, B and C patients, respectively. Child classification was significantly associated with higher risk of complication [Child B vs A with odds ratio: 2.84 (95%CI: 1.28-6.29), and Child C vs A: 5.39 (95%CI: 1.32-22.02)] and risk of mortality [Child C vs A: 30.43 (95%CI: 7.71-120.02), and Child B vs A: 10.88 (95%CI: 3.42-34.63)]. 
Notably, in patients undergoing minimally invasive burr holes for chronic subdural hemorrhage, the rebleeding/recurrent rate was 66.7% (10/15 patients) and mortality rate was 33.3% (5/15 patients). Uncontrolled encephalopathy, varices bleeding or associated pneumonia, sepsis and multiple organ failure were hypothesized to be causes of mortality. 

SPONTANEOUS INTRACRANIAL HEMORRHAGE/HEMORRHAGIC STROKE IN PATIENTS WITH LIVER CIRRHOSIS
Liver cirrhosis is a well-known risk factor for SICH[19,20,23], despite the relatively rare occurrence of SICH in cirrhotic patients (incidence ranged from 0.7% to 0.8%)[19,20]. However, SICH is life-threatening and is sometimes overlooked due to the similarities of neurologic deficits caused by hepatic encephalopathy; most of the cirrhotic patients who developed SICH were sent to the emergency room for resuscitation and then admitted to the neurosurgery wards for surgical intervention or to the neurology wards for medical treatment if no surgical indication.
Surgical procedures to decrease intracranial pressure in SICH cases, such as craniotomy (hematoma removal) or ventricular drainage (cerebrospinal fluid diversion), were performed only in life-threatening instances. As shown in our previous study, the surgical complication rate was 43.2%, the rebleeding rate was 36.4%, and the mortality rate was 22.7%[21]. 
Thus, some cirrhotic patients with SICH who underwent medical treatment experienced poor neurologic outcomes even after surgery, including brainstem failure due to delayed medical intervention or severe coagulopathy. The overall mortality rate of cirrhotic patients with SICH, with or without surgery, has been reported as high as 47.0%[20]. Outcomes were associated with the size of the hematoma (P < 0.005) and with the initial Glasgow Coma Scale score (P < 0.05) and the Child–Pugh classification (P = 0.05)[20]. 

BRAIN TUMOR SURGERY IN PATIENTS WITH LIVER CIRRHOSIS
There is little literature discussing the outcome for cirrhotic patients with brain tumors who underwent craniotomy. Jiang et al[24] reported a median survival of 3 (range 2.2-3.8) months for 41 cases even with successful intracranial excision of brain metastasis from hepatocellular carcinoma (HCC). We reported 15 cases of brain tumor (meningioma, glioma, pituitary adenoma, lymphoma, and metastasis from breast cancer and HCC) patients who received neurosurgical procedures (craniotomy/biopsy)[21]. Four of these patients (26.7%) had immediate postoperative intracranial hemorrhage.
Despite the lack of clear evidence-based indications nor contraindications for cirrhotic patients with brain tumors, we presumed that the preoperative assessment of neurological deficits, Karnofsky performance scale, and corrections of pre-existing coagulopathy may be crucial for the patients’ outcome. 

SPINE SURGERY IN PATIENTS WITH LIVER CIRRHOSIS
Spine surgery is a common procedure in some neurosurgery centers (up to 70% of daily practice). Most spine surgeries are elective and less invasive, involving a small amount of intraoperative blood loss. Instrumentations for spinal stability have been widely used in patients with degenerative lumbar and cervical spine diseases to enhance stability and improve clinical results. However, instrumentation inevitably encounters more extensive wound exposure, bony destruction, and intraoperative blood loss. Published literature has shown that the complication rate of lumbar fusion instrumentation ranged from 3% to 15%[25,26]. In a retrospective study of lumbar instrumentation by Liao et al[27], patients in the cirrhotic group had significantly more blood loss (P = 0.049) and significantly longer hospitalization (P = 0.023). Complication rate was also significantly higher in the cirrhotic patient group than in the control group (41% vs 10%, P = 0.007). Patients with Child Class B score had a significantly higher incidence of complications than those with Child Class A (86% vs 27%, P = 0.006). Subanalysis in patients with Child Class A showed that those with a Child score of 6 also had higher complication rates than those with a score of 5 (P = 0.001). 
Child score, hypoalbuminemia, ascites, and increased blood loss were identified risk factors for complications, and deteriorated hepatic encephalopathy would contribute to unsatisfactory outcomes. Whenever elective instrumented lumbar surgeries are being considered for cirrhotic patients, preoperative correction could reduce or avoid these postoperative complications.

PREOPERATIVE EVALUATION AND CORRECTION OF COAGULOPATHY
For patients with cirrhotic liver, Child-Pugh[28] and model for end-stage liver disease (MELD)[29] scores are both relied on for the prognosis prediction. The Child system contains serum bilirubin/albumin level, prothrombin time, ascites, and hepatic encephalopathy, while MELD includes serum bilirubin, creatinine, and etiology. Concerns for surgical procedures in cirrhotic patients mostly focused on the impact on coagulopathy, including clotting and the fibrinolytic system. We proposed an algorithm to assess the risk for complications and management of cirrhotic patients receiving regular neurosurgical procedures (Figure 1). 
Vitamin K is essential for factor II, VII, IX and X and protein C, S and Z[30]. Liver cirrhosis is a common etiology for vitamin K deficiency due to poor nutrition or cholestasis. In a meta-analysis, intravenous vitamin K supplement from 1 to 5 mg may reverse the excess anticoagulants[31]. Thus, in spontaneous intracranial hemorrhage patients with anticoagulation medications, Degos et al[32] suggested 5-10 mg of vitamin K if INR > 1.5 preoperatively. 
Fresh frozen plasma transfusion could correct almost all coagulation factors. Youssef et al[33] suggested higher units (> 6 units) of flash frozen plasma is considered to reverse the prolonged prothrombin time. A concentrated blood product, prothrombin complex concentrate[34], is shown in a clinical trial (phase IIIb study) for its superiority and safety in patients with coagulopathy[34,35].
For thrombocytopenia, evidence has shown that platelet counts should be > 50000/μL before implementation of an invasive procedure[36]. However, for patients taking antiplatelet medication who have normal platelet counts, the evidence for platelet transfusion is not as clear. Evidence from a Stage IIb indicates that transfusion with concentrated platelets would be beneficial for patients taking antiplatelet medication[32].   
In addition, serum albumin level is possibly related to surgical outcome in patients with liver cirrhosis. In a retrospective study, corrections of pre- and postoperative serum albumin levels in cirrhotic patients who underwent microsurgery for free-flap reconstruction were shown to decrease the intensive care unit stay and complications[37].
Because there was no consensus regarding a standard procedure for emergent neurosurgical interventions, we proposed an algorithm (Figure 2). Emergent, mostly life-threatening, procedures mandate that surgeons make fast and effective decisions. Prospective studies are urgently needed to demonstrate the most essential components to prevent intraoperative bleeding, wound infection, and other associated complications, such as pneumonia, consciousness disturbance, or hepatorenal syndrome.

CONCLUSION
Liver cirrhosis is a diffuse process characterized by fibrosis and conversion of normal liver architecture into structurally abnormal nodules[38]. It was a major chronic devastating disease with high mortality rate (up to 72.7 deaths/10000 population) distributed most frequently in central Asia and the sub-Saharan region[39]. Studies have shown significantly high morbidity/mortality rates in cirrhotic patients undergoing major surgery. Neurosurgical procedures, which have not been researched extensively, have been performed conservatively on cirrhotic patients. However, the need for neurosurgery often precludes the potential cirrhotic complications. 
In this review, we discussed the outcome from different etiologies, including TBI, SICH, brain tumor, and spine procedures (Table 1). Preoperative assessment and correction of coagulopathy and nutritional status may be important, despite lack of evidence. Still, the high morbidity/mortality rate in this devastating underlying disease may demand the need to develop evidence-based studies to elucidate the timing and parameters for appropriate correction leading to better surgical outcome in neurosurgical procedures. 
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Table 1 Studies of neurosurgical procedures for cirrhotic patients
	Neurosurgical type/Author
	Patient no.
	Overall morbidity
	Child A
	Child B
	Child C
	Overall mortality
	Child A
	Child B
	Child C

	TBI
 Lustenberger et al[22] 
 Chen et al[21]
	
47
32
	
NA
84.4%
	
NA
38.7%
	
NA
60.0%
	
NA
84.2%
	
34%
37.5%
	
NA
5.3%
	
NA
38.0%
	
NA
63.2%

	SICH
 Chen et al[21]
 Huang et al[20]
	
44
36
	
43.2%
NA
	
NA
NA
	
NA
NA
	
NA
NA
	
22.7%
47%
	
NA
11.1%
	
NA
27.7%
	
NA
8.3%

	Brain tumor
 Chen et al[21]
	
15
	
26.7%
	
NA
	
NA
	
NA
	
NA
	
NA
	
NA
	
NA

	Spine surgery
 Liao et al[27]
	
29
	
41.0%
	
27.0%
	
86.0%
	
NA
	
NA
	
NA
	
NA
	
NA


The Child-Pugh score is a classification system used in the prognosis of cirrhosis. NA: Not available; no.: Number; SICH: Spontaneous intracranial hemorrhage; TBI: Traumatic brain injury.
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Figure 1 Preoperative assessment and management for patients planned receiving regular neurosurgical procedures. 
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Figure 2 Management for patients receiving emergent neurosurgical procedures.
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