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Chapter 11
Personalized Anesthesia in Hematology

Akbar Dorgalaleh, Mehran Bahraini, and Sayed Esmaeil Ahmadi

�Introduction

In spite of 99.5% within the species-homology in the human genome, humans have 
their unique response to diseases and stimulators such as drugs. Hematological dis-
orders are not excluded from responses to stimulators (Pati and Sharma 2017). 
Emergence of new genome sequencing technologies, such as next-generation 
sequencing (NGS) or high-throughput sequencing, is enabling us to tailor a person’s 
treatment to his or her unique gene profile (Gil et al. 2018). Anesthesia is a highly 
sensitive procedure which closely correlates with hematological conditions that 
emphasize the need for close and timely collaboration between hematologist and 
anesthetist/anesthesiologist. Both general and regional anesthesia can affect a per-
son’s respiratory, hemostatic, hemodynamic and endocrine systems (Brueckner et al. 
2003; Torpy et al. 2011; Sano et al. 2016; Smith and Goldman 2018). Anesthesia 
methods have varied effects on a patient’s physiological systems. By combining con-
ventional and precision medicine, cutting-edge technologies can provide better 
patient management (Badalian-Very 2014; Collins and Varmus 2015). Anesthesia 
has potential effects on hematological parameters, including a patient’s blood profile 
and coagulation indices. Hence, clinical and familial history, medication and patient 
characteristics, along with preoperative blood tests such as complete blood count 
(CBC), prothrombin time (PT)/international normalized ratio (INR) and activated 
partial prothrombin time (APTT), should be considered (Akhunzada et  al. 2018; 
Alzahrani et  al. 2019). Anesthesia drugs differ in their metabolism and efficacy, 
based on the genetic profile of each person, which indicates the importance of phar-
macogenetic/pharmacogenomic. Pharmacogenomic, the cornerstone of personalized 
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medicine, can make clearer the physician’s comprehension of individual response to 
treatment based on one’s genome profile (Behrooz 2015; Gabriel et al. 2017).

�Hematological Considerations for Anesthesia

CBC, blood film evaluation and coagulation tests are common preoperative labora-
tory assays. These tests can help in the diagnosis of immunodeficiencies, infection, 
anemia, polycythemia, some malignancies, and hemorrhage. Along with clinical 
features, they can facilitate choosing the appropriate type of anesthesia and surgery 
(George-Gay and Parker 2003; Kumar and Srivastava 2011). As each patient has a 
unique gene profile, one might exhibit a significant feature such as a congenital or 
acquired abnormality. Therefore, each patient should be prepared and treated 
according to their genetic profile, along with the results of basic and specific tests 
(Vogenberg et al. 2010).

�Anesthetic Considerations in Erythroid Disorders

�Anemia

From the point of view of anemia, genome sequencing can help us determine which 
medical care would be most useful for patients, because some gene variations deter-
mine how a patient responds to a drug or procedure. These data can be provided by 
micro-array and whole-genome sequencing technologies such as NGS and Sanger 
sequencing. The patient’s lifestyle, environment, socio-economic status, diet, age, 
and sex also should be considered for better treatment (Iolascon et al. 2015). For 
example, treatment of chronic hepatitis virus (HCV) infection with ribavirin (RBV) 
has the potential to induce acute hemolytic anemia (AHA). It has been demonstrated 
that inosine triphosphatase (ITP) deficiency is an overriding protective factor against 
RBV-induced AHA. Knowledge of patients’ genetic variations can improve their 
medical care or enable us to anticipate some complications (Fellay et al. 2010; Clark 
et al. 2013; Iolascon et al. 2015). In personalized medicine, the detection of anemia 
can be started by an individual by him/herself anytime, anywhere, instantaneously 
and remotely, with the help of new smartphones and specific applications (Mannino 
et al. 2018). Preoperative anemia is a great threat to a patient. Published protocols 
have recommended that red blood cell (RBC) indices such as hemoglobin and hema-
tocrit should be checked at least 1 month before surgery to provide proper interven-
tion (Burton et al. 2018). Erythrocyte sedimentation rate (ESR) usually is performed 
before, and occasionally after, surgery. However, several studies have shown that 
anesthesia has no bearing on an increase in ESR (Caglayan et al. 2006; Mirzayan 
et al. 2009; Bilehjani et al. 2017). Furthermore, not only is anemia a challenge to 
anesthesia, sometimes anesthesia can cause anemia. In both situations, considering 
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patient status, specific measures should be taken to avoid further complications. In 
the matter of erythrocyte recovery after surgery, a study that compared the effects of 
three anesthetic techniques—epidural anesthesia, general anesthesia, and the combi-
nation of both techniques—on RBC endogenous recovery showed that epidural 
anesthesia administration had a notably higher recovery rate of the circulating eryth-
rocyte mass than those who received general anesthesia or the combination.

�Non-immune Hemolytic Anemia

�Glucose-6-Phosphate Dehydrogenase (G6PD) Deficiency

The most prevalent enzyme deficiency in the world is glucose-6-phosphate dehy-
drogenase (G6PD) deficiency, an X-linked non-immune hemolytic anemia that can 
become an impediment to anesthesia and surgery. It affects more than 400 million 
people worldwide, most commonly of African, Mediterranean, and Asian descent 
(Dorgalaleh et  al. 2013b; Richardson and O’Malley 2018). G6PD protects cells, 
especially RBCs, against oxidative damage from the ingestion of fava beans, infec-
tions, metabolic conditions like diabetic ketoacidosis, and certain anesthetic drugs 
such as benzocaine, lidocaine, prilocaine, and articaine. Importantly, in the anes-
thetic management of G6PD patients to avoid hemolysis, any oxidative agent, such 
as 8-aminoquinolines for treating malaria, sulphur-containing antibiotics, rasburi-
case, high doses of aspirin, and paracetamol should be limited as all can cause 
hemolysis (Elyassi and Rowshan 2009; Valiaveedan et  al. 2011; Luzzatto and 
Seneca 2014; Hwang et al. 2018). Nitrate is part of anesthetist’s armamentarium; 
though hemolysis by nitrate can be induced without G6PD deficiency, G6PD defi-
cient patients are more vulnerable to it (Wong et  al. 2013). Additionally, a very 
recent study found that administration of sevoflurane, a common anesthesia drug, 
can lead to a temporary increase in the antioxidant defense system of cells (Zhou 
et al. 2018). To date, more than 190 genetic variations of G6PD have been found 
that can change the course of a patient’s treatment due to vulnerability to assorted 
drugs and agents. It has been suggested that G6PD be classified as a candidate in the 
matter of pharmacogenomic in its hotspot zones, which might lead to specific treat-
ment (Fig. 11.1) (Manjurano et al. 2015; Goh 2018).

Furthermore, a new quantitative point-of-care test, called The SD Biosensor 
STANDARD G6PD test, provides sensitivity and specificity of 100% and 97%, 
respectively. Potentially, this test can improve health outcomes (Pal et al. 2019).

�Hereditary Spherocytosis

In cases of non-immune hemolytic anemia, especially in cases with liver dysfunc-
tion, jaundice, and splenomegaly, anesthetic agents and surgery can be very chal-
lenging because most anesthetic drugs are metabolized by the liver. Some hereditary 
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Fig. 11.1  Glucose-6-phosphate dehydrogenase (right) and sickle cell disease hot spot areas
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spherocytosis (HS) case studies have reported that epidural and general anesthesia 
have the potential to decrease the liver’s blood flow, which may lead to anesthesia-
induced hepatotoxicity due to oxygen deprivation. It is highly recommended that 
preoperative anemia be rectified before any critical surgery (Gelman 1987). In cases 
of immediately necessary surgery, packed red cell transfusion can overcome the 
complication (Khatavkar et al. 2016).

�Hemoglobinopathies

�Sickle Cell Disease (SCD)

Sickle cell disease (SCD) is caused by a specific point mutation in the human 
β-globin (HBB) gene that results in the production of insoluble hemoglobin S (HbS). 
The severe form of SCD is called sickle cell anemia (Kato et al. 2018). More than 
30 million people world-wide have SCD, with hotspots in Africa, the Middle East 
and central India (Tsaras et al. 2009). Hypoxia, alcohol, stress, cold weather, acido-
sis, and dehydration can trigger vaso-occlusive crises (VOC) in SCD patients. 
Preoperative assessment should review the hematological profile to avoid crises. 
Preoperative care for the SCD patient should combine the efforts of medical profes-
sionals, including surgeon, hematologist, anesthetist/anesthesiologist, and recovery 
room staff. Additionally, some major complications of SCD must be managed 
before surgery, including VOCs, chronic anemia, chronic pain, fever, infections, 
stroke, and pulmonary hypertension (Adjepong et al. 2018; Mangla et al. 2019). 
Some of the prophylactic measures for SCD include antibiotic prophylaxis, pneu-
mococcal vaccination, thermoregulation, oxygenation and intravenous fluid admin-
istration. Also, there is a need for preoperative blood transfusion to reduce HbS to 
less than 30%. All of these considerations may help to manage complications (Hirst 
and Williamson 2001; Stanley and Christian 2013). Hydroxyurea primarily increases 
fetal hemoglobin (HbF) in SCD patients. This results in improvement of their signs 
and symptoms. But pharmacogenomic studies have shown that even the maximum 
tolerated dose (MTD) of hydroxyurea results in variable levels of HbF.  Further 
investigations have shown that some single nucleotide polymorphisms (SNPs), in 
HBG2, BCL11A, and HMIP genes, can influence HbF levels following the con-
sumption of hydroxyurea (Kolliopoulou et al. 2017; Yahouédéhou et al. 2018). Not 
only hydroxyurea effects are variable in these patients. Opioid medications such as 
codeine and hydrocodone, used in the management of VOC, elicit different 
responses because these drugs are converted to morphine and hydromorphone by 
cytochrome P450 2D6 (CYP2D6 gene polymorphism). All in, pharmacogenetic and 
genome sequencing can play a significant role in the management of SCD (Iolascon 
et al. 2015; Kolliopoulou et al. 2017; Rampersaud et al. 2018). Choosing the correct 
anesthesia for SCD patients is complex and controversial because of differing stud-
ies. The determination of regional or general anesthesia should be based on the 
patient’s underlying medical condition. It is crucial to select an anesthesia approach 
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that prevents and attenuates the vaso-occlusive episodes. Essentially, pain due to 
VOC should be distinguished from chronic sickle cell pain to ensure proper treat-
ment (Bakri et al. 2015; Ghaffari et al. 2018). Neuraxial anesthesia has been advised 
over general anesthesia, due to its association with sympathectomy and vasodila-
tion. It has, additionally, the potential to decrease vaso-occlusive episodes, but its 
drawbacks include headaches, hypotension, bradycardia (Khurmi et al. 2017).

�Thalassemia

Thalassemia is a common microcytic hypochromic hemolytic anemia caused by 
mutations in the HBB or human α-globin (HBA) genes, resulting in decreased syn-
thesis of affected globin chains. These mutations can partially or completely 
decrease the production of the affected globin. Thalassemia, mostly thalassemia 
major, is a challenge due to its severity and life-long requirement for constant care 
and blood transfusion (Naderi et al. 2013; Jahantigh et al. 2014; Needs and Lynch 
2018). Regular blood transfusion leads to iron overload, which requires iron-
chelating agents like deferoxamine, deferiprone, and deferasirox. Pharmacogenomic 
studies have shown that some patients have adverse drug reactions while some have 
none due to the UTG1A6 SNPs (Alizadeh et al. 2014; Iolascon et al. 2015). Further 
pharmacogenetic studies are being conducted on human pluripotent stem cells to 
find better treatment options for these patients (Suh 2017). Cutting-edge genome 
editing techniques—such as clustered regularly interspaced short palindromic 
repeats (CRISPR)/CRISPR-associated protein 9 (Cas9) and transcription activator-
like effector nucleases (TALEN)—show promise in curing thalassemia (Finotti 
et  al. 2015). Thalassemia patients are in a hypercoagulable state with increased 
platelet activation and aggregation, which makes them prone to thromboembolic 
events such as pulmonary embolism (PE), deep venous thrombosis (DVT) and por-
tal vein thrombosis, or bleeding due to thrombocytopenia. In the case of surgery, in 
preoperative preparations, the use of procoagulants such as antifibrinolytics and 
factor concentrates should be limited unless a particular situation demands their use 
(Taher et al. 2008; Avery IV and Klick 2018). The anesthetist/anesthesiologist con-
fronts some challenges in these cases: insufficient oxygen-carrying capacity due to 
severe anemia, difficulty in the airway due to extramedullary hematopoiesis, pulmo-
nary hypertension, and diseases related to blood transfusion like hepatitis (Jyothi 
et al. 2015). Epidural anesthesia has been recommended to overcome some condi-
tions, such as the need for postoperative mechanical ventilation due to the low 
capacity of RBCs to carry oxygen, and postoperative nausea and vomiting. In terms 
of decreasing oxygen need, epidural anesthesia is more satisfactory in enhancing 
the patient’s recovery. In lowering the demand for neuromuscular blocking agents 
and intravenous analgesia, epidural anesthesia results in quicker awakening despite 
anemia and acidosis due to the anaerobic metabolism. In patients with a platelet 
count less than 100,000  ×  109/L, the chance of bleeding is low. In such cases, 
regional anesthesia should be applied after evaluating risks and advantages (Huang 
et al. 2014; Govil et al. 2019).
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�Immune Hemolytic Anemia

Autoimmune hemolytic anemia (AHA) and Evans syndrome also can be obstacles 
to surgery. For the anesthetic management of these patients, hemodilutional autolo-
gous transfusion has been recommended as a useful measure to minimize complica-
tions related to bleeding and immune hemolytic reactions (Nagano et  al. 2000; 
Igarashi et al. 2002; Soudabeh et al. 2014).

�Aplastic Anemia

Aplastic anemia, associated with immunosuppression and pancytopenia, makes 
anesthetic management a challenge, particularly in pregnancy. Thrombocytopenia 
is a common complication in patients with aplastic anemia, which contraindicates 
regional anesthesia. General anesthesia seems to be the only option here (Table 11.1) 

Table 11.1  Anesthetic considerations of erythroid disorders and hematological malignancies

Hematological diseases Considerations and management

Glucose-6-phosphate 
dehydrogenase (G6PD) 
deficiency

1. � Agents that may induce hemolysis in G6PD deficiency
1a. � Anesthetic drugs: benzocaine, lidocaine, prilocaine, and 

articaine
1b. � Oxidative agents: aminoquinolines, sulphur-containing 

antibiotics, rasburicase, high doses of aspirin, and paracetamol
2. � Sevoflurane: temporary increase in the antioxidant defense 

system of cells
Hereditary spherocytosis (HS) Anesthesia for patients with heredity spherocytosis may lead to 

anesthesia-induced hepatotoxicity, so it is imperative that 
anemia be rectified before hand

Sickle cell disease (SCD) 1. � Pre-operative management of chronic anemia, chronic pain, 
fever, infections, fever, infections, stroke, and pulmonary 
hypertension

2. � Prophylactic measures: antibiotic prophylaxis, vaccination, 
thermoregulation, oxygenation and intravenous fluids 
administration

3. � Preoperative blood transfusion to reduce HbS to less than 
30%

4. � SNPs in genes (HBG2, BCL11A, HMIP) affect hydroxyurea 
function

Thalassemia 1. � SNPs in UTG1A6 gene result in varying reactions to 
iron-chelating agents

2. � Epidural anesthesia has been recommended because it 
comes with less stress and enhanced recovery

3. � Platelet count less than 100,000 × 109/L comes with a low 
incidence of bleeding while using epidural anesthesia in 
these patients

4. � Preoperative procoagulants such as antifibrinolytics and 
factor concentrates should be limited due to patient’s 
hypercoagulable state

(continued)
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(Marsh et al. 2009; Kaur et al. 2012a; Riveros-Perez et al. 2018). Propofol is a gen-
eral anesthetic drug used for aplastic anemia patients (Ahmed and Monem 2005; 
Kaur et al. 2012b). Metabolism of propofol in the liver depends on several genes, 
including CYP2E1, CYP2B6, CYP2C9, GSTP1, UGT1A9, SULT1A1 and NQO1, 
Disruption of these genes has the potential to alter the effect of propofol. Besides, 

Table 11.1  (continued)

Hematological diseases Considerations and management

Autoimmune hemolytic 
anemia (AIHA) and Evans 
syndrome

Hemodilutional autologous transfusion has been recommended 
as a useful measure to minimize bleeding and immune 
hemolytic reactions

Ribavirin-induced acute 
hemolytic anemia

Patients with inosine triphosphatase (ITPA) deficiency are 
somehow protected against ribavirin-induced acute hemolytic 
anemia

Aplastic anemia Thrombocytopenia contraindicates use of regional anesthesia
Nitrous oxide (N2O)-induced 
anemia

Avoiding prolonged exposure to N2O

Erythrocytosis Preoperative hypoxia should be managed.
Von Hippel-Lindau (VHL) 
syndrome and Chuvash 
polycythemia

1. � Presence of pheochromocytoma must be investigated before 
surgery

2. � Regional and general anesthesia can be used, based on a 
VHL syndrome patient’s condition, however, in cases with 
hemangioblastoma epidural blockades are limited.

Leukemia 1. � Hyperleukocytosis (WBC > 100,000 × 109/L) and 
leukostasis syndrome is a serious complication before 
surgery

2. � To avoid leukostasis syndrome, reduction of WBC before 
surgery seems necessary. Packed red cells should be 
transfused sparingly

3. � Treating acute promyelocytic leukemia (APL) by ATRA+ 
arsenic trioxide (ATO) has a lower risk of developing 
thrombosis compared to ATRA

4. � Blast crisis in patients with CML limits spinal or epidural 
anesthesia, because it might increase the risk of central 
nervous system (CNS) contamination by circulating blast 
cells

5. � Infection, a major complication in leukemia, should be 
managed by supportive care and treatment of the underlying 
cause

Polycythemia vera (PV) 1. � Hematocrit should be kept below 45% in men and less than 
42% in women 2–4 months before surgery

2. � Cytoreductive measures are usually used for high-risk 
patients

3. � The bleeding diathesis in these patients requires careful use 
of regional anesthesia

Essential thrombocythemia 
(ET)

1. � Reduction of the platelet count by cytoreductive therapy 
should be considered to overcome constant thrombocytosis

2. � Regional anesthesia “especially spinal anesthesia” may 
cause spinal cord compression and paraplegia
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the underlying mechanism for propofol’s action somehow depends on the GAPAG2 
receptor gene, and polymorphism of this particular gene may affect propofol anes-
thetic effects (Mikstacki et al. 2013, 2017).

�Anemia Caused by Anesthetic Drugs

Anesthetic agents are one of several factors that can affect the RBC and its indices. 
For example, nitrous oxide (N2O), known as laughing gas, has the potential to cause 
acquired megaloblastic anemia by irreversible inactivation of vitamin B12. Usually, 
prolonged exposure to N2O can lead to the depletion of vitamin B12 and elevation 
of plasma homocysteine that are characteristics of B12 deficiency (Emmanouil and 
Quock 2007). This may make the patient vulnerable to cardiovascular disease 
(Duma et al. 2015; Ganguly and Alam 2015; Chi 2018). Interestingly, a comprehen-
sive study on the medical staff who have been exposed to N2O in for at least 5 years 
has demonstrated that N2O gas can cause DNA damage. This study also compared 
the genotoxicity effects of sevoflurane and isoflurane with N2O, which showed there 
is no genotoxicity related to sevoflurane and isoflurane (Wronska-Nofer et al. 2009).

�Erythrocyte Recovery

In the matter of erythrocyte recovery, a study that compared the effects of epidural 
anesthesia, general anesthesia, and combination of both on red blood cell endoge-
nous recovery showed that epidural anesthesia resulted in a higher rate of the circu-
lating erythrocyte mass than general anesthesia or a combination (Borghi et al. 2005).

�Polycythemia

Polycythemia or erythrocytosis is a condition related to an absolute increase in RBC 
mass, in which hemoglobin and hematocrit levels are above the normal range based 
on gender and age. This can be primary, where a genetic factor plays a role, or sec-
ondary, where the cause is non-genetic (McMullin 2008). Generally, secondary 
erythrocytosis follows hypoxia. Hypoxia during general anesthesia in surgery is a 
major clinical occurrence in which the response can range from mild hypertension 
and elevation in EPO to bradycardia.

Patients with pre-existing hypoxia should be identified and managed before sur-
gery; conditions include respiratory disorders: chronic obstructive pulmonary dis-
ease (COPD); Pickwickian syndrome, cyanotic heart disease with right-to-left 
shunts, renal disorders and heavy smoking. Hemoglobinopathies with hypoxia 
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include high-affinity hemoglobins like Hb Yakima and methemoglobinemia. 
Hypoxia also can be a consequence of EPO administration, anabolic steroid use, 
and testosterone replacement therapy (Bendixen and Laver 1965; Tojo et al. 2015; 
Pillai and Babiker 2018). Often primary polycythemias such as polycythemia vera 
(PV) and Chuvash polycythemia have an underlying mutation in the erythropoiesis 
signaling pathway. Next, we should consider that the EPO level usually is normal in 
the primary type (McMullin 2008; Aljabry 2018). Mutation in the von Hippel-
Lindau (VHL) gene leads to VHL syndrome and Chuvash polycythemia (Richard 
et al. 2002; Pastore et al. 2003; Perrotta et al. 2006). VHL syndrome is associated 
with spinal or retinal hemangioblastoma, renal cell carcinoma, or pheochromocy-
toma, a usually noncancerous tumor frequently occurring in the adrenal gland. For 
anesthetic management of the patient with VHL syndrome, the presence of pheo-
chromocytoma must be considered. In such cases, epidural and general anesthesia 
can be used, based on patient condition, but in cases of hemangioblastoma, epidural 
blockades are limited (Murthy et al. 2006; Jalbani et al. 2015). Also, N2O cannot 
always be used for maintenance of anesthesia during surgery. For example, in a 
VHL case with cerebellar hemangioblastoma and renal cell carcinoma, N2O was 
avoided due to the possibility of carbon dioxide pneumoperitoneum; desflurane in a 
mixture of oxygen and air made that surgery uneventful (Sahni et al. 2019).

�Anesthetic Considerations in Hematological Malignancies

Hematological malignancies such as leukemias, lymphomas, myeloproliferative 
neoplasms (MPN) and myelodysplastic syndromes (MDS) do not require surgery as 
such, but some situations require surgery and anesthetic management. Among them 
are infection, bone marrow (BM) biopsy or aspiration, chemotherapy and radio-
therapy, orthopedic surgery, splenectomy, appendectomy, port implantation, and 
open-heart surgery. Such patients, especially children, are prone to infection due to 
immunosuppression, and in most cases require careful medical consideration. The 
collaboration of a skillful team of surgeons and medical oncologists is warranted. 
Since most hematological malignancies come with vast genetic variation, patients 
must be precisely evaluated and carefully managed before undergoing surgery 
(Spiers 1973; Hohenberger and Buchheidt 2005).

�Leukemia

Anesthetic management and related therapy of leukemias should proceed carefully. 
Numerous genetic abnormalities can cause the different types of leukemia, making 
management of these patients more complex than most. Some leukemia patients 
develop anemia, coagulation disorders, immunosuppression or combinations 
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thereof. Moreover, the infiltration of blast cells into oropharyngeal tissue may lead 
to difficult intubation and/or pharyngeal hemorrhage. At times hyperleukocytosis 
(white blood cell (WBC) > 100,000 × 109/L) may trigger leukostasis syndrome, 
with acute respiratory failure and increased blood viscosity, which may cause bleed-
ing and thrombosis (Naderi et al. 2014). Considering that surgery may induce this 
syndrome, the reduction of WBC before general anesthesia seems necessary. 
Importantly, packed red cells should be transfused sparingly, to avoid the develop-
ment of the syndrome (Groeben et al. 1992; Giammarco et al. 2017).

Bleeding and thrombosis, especially in the acute leukemias, are considered 
major risk factors for early death. Acute promyelocytic leukemia (APL) induces a 
hypercoagulable state which should be carefully managed to avoid further compli-
cation. Anticoagulant therapy may put these patients at high hemorrhagic risk, 
which makes this therapy a challenge for managing APL. While, with the rise of 
all-trans retinoic acid (ATRA), APL has been largely managed, the rate of early 
hemorrhagic death has not significantly decreased; ATRA may play a role in pro-
moting thrombosis (Rickles et al. 2007). However, treating patients with ATRA and 
arsenic trioxide (ATO) has a lower risk of thrombosis. In these patients, bleeding 
associated with disseminated intravascular coagulation (DIC) may occur. 
Cytoreductive therapy and supportive care such as platelets, fresh frozen plasma, 
cryoprecipitate, or fibrinogen concentrates are recommended to prevent bleeding 
(Thachil et al. 2015; Lad et al. 2017).

Chronic myeloid leukemia (CML) is an MPN that can occasionally proceed to 
blast crisis, with elevation of blast cells above 20%. Some studies suggest that spi-
nal or epidural anesthesia be evaluated prior to use as it increases the risk of central 
nervous system (CNS) contamination by circulating blast cells (Owsiak and 
Bullough 2016; Rebahi et al. 2018).

Susceptibility to infection due to immunosuppression is a major obstacle among 
the many that challenge surgery in a leukemic patient, especially a child. This 
immunosuppression can be caused by BM dysfunction and/or treatment with ste-
roids and radio- or chemo-therapy. While most infections are caused by gram-
negative bacteria, patients are also prone to fungi like Aspergillus which affect 
patients undergoing chemotherapy, viruses such as cytomegalovirus (CMV) and 
Epstein–Barr (EBV) and parasites (Oduro-Dominah and Brennan 2013; Dong et al. 
2019). Management consists of supportive care and treatment of the underlying 
cause. Patients, especially children, frequently have an indwelling central venous 
catheter (CVC). As a CVC can be a source of contamination it should be placed by 
a professional under aseptic conditions. One should ensure that these patients’ sur-
geries are scheduled before surgery of any infective cases. The risk/benefit ratio of 
using regional anesthesia should be evaluated, since this kind of anesthesia, espe-
cially the neuraxial block, may also increase the risk of infection. Intramuscular 
injection might lead to formation of an abscess and should be avoided. Further, it is 
strongly recommended that patients be vaccinated against S. pneumoniae, N. men-
ingitidis, and H. influenzae type b prior to procedures like splenectomy (Bonanni 
et al. 2017).
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�Polycythemia Vera and Essential Thrombocythemia

PV is an MPN, characterized by erythrocytosis, hyperviscosity and thrombocytosis 
and/or leukocytosis. Patients with PV are at increased risk of hemorrhagic events 
and/or thromboembolism (Gerds and Dao 2017). Although there is evidence of 
abnormal hemostasis in these patients, preoperative coagulation tests may be nor-
mal (Rigby and Leavell 1960). Keeping hematocrit below 45% by consumption of 
aspirin once or twice daily, with phlebotomy 2–4 months before surgery, is required 
to reduce thrombohemorrhagic complications. Cytoreductive measures for high-
risk patients have been recommended, the main choice being hydroxyurea. 
Interferon-α, pipobroman, P-32 and busulfan are alternative options, because 20 and 
25% of patients develop resistance to hydroxyurea (Sosis 1990; Sever et al. 2014; 
Tefferi and Barbui 2019). Adequate preoperative management of these patients, as 
enumerated above, minimizes complications, according to a comprehensive study 
which also noted that preoperatively uncontrolled patients and controlled patients 
had 36% and 5% mortality rates, respectively (Wasserman and Gilbert 1964). The 
bleeding diathesis in these patients mandates careful use of regional anesthesia 
(Sosis 1990; Saini et al. 2019). Another study found general anesthesia to be associ-
ated with more postoperative DVT than regional anesthesia in patients with PV 
(McKenzie et al. 1985).

Another MPN is essential thrombocythemia (ET), characterized by constant 
thrombocytosis with an inclination to thrombosis and hemorrhage (Brière 2007). 
Preoperative management of ET follows that of PV. In ET, reduction of the platelet 
count by cytoreductive therapy should be considered. Moreover, regional anesthe-
sia, especially spinal anesthesia, should be managed carefully because it may cause 
a hematoma, which could lead to spinal cord compression and paraplegia (García-
Ferreira et al. 2005; Sever et al. 2014; Tefferi and Barbui 2019).

�Anesthesia and Hemostasis

One of the most common complications of surgical procedures is postoperative 
hypercoagulability. Major surgeries are associated with hypercoagulable and proin-
flammatory states which can continue into the postoperative phase. DVT and PE are 
among the most common coagulopathies of major surgical procedures, particularly 
lower-extremity vascular and orthopedic surgeries (Tuman et  al. 1991; 
Christopherson et al. 1993; Rosenfeld et al. 1993). The exact underlying mechanism 
of the hypercoagulability remains unclear. Anesthesia and surgery, being stressful 
conditions, have significant effects on the hemostasis system. Hemostatic changes 
are due to several factors, including “stress response”, consumption of coagulation 
proteins at the site of injury, impaired synthesis, hemodilution and the effects of 
anesthesia on these proteins. Although surgery can increase acute phase reactants 
such as fibrinogen, FVIII, VWF and α-antiplasmin, many changes in the hemostasis 
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system are triggered when the patient is anesthetized, even before surgery begins. 
This shows that both anesthetic and surgical stresses induce the changes (Table 11.2) 
(Collins Jr et al. 1977; Breslow et al. 1993; Rosenfeld et al. 1994).

�Anesthesia and Thrombophilia

Perioperative thrombophilia is one of the main causes of morbidity and mortality in 
patients undergoing major surgery. Both acquired and inherited thrombophilia fac-
tors can increase the risk. Major surgery is associated with proinflammatory states 
that provoke hypercoagulability and, consequently, vaso-occlusive and thrombotic 
complications, as a major cause of surgery-related deaths.

Table 11.2  Coagulation profile changes in patients undergoing major surgeries

Surgery Regional anesthesia General anesthesia

Coagulation proteins Fibrinogen ↑ ↑
Factor II ↓ ↓
Factor V → →
Factor VIII ↑ ↑b

Factor Xf ↓ ↓
Prekallikrein ↓e ↓e

Natural anticoagulants Protein C ↓a ↓ 
Protein S
Antithrombin-III ↓c ↓c

Fibrinolytic system Plasminogen ↓ ↓
α-antiplasmin ↓d ↓d

α2-macroglobulin ↓ ↓
α-antitrypsin ↑ ↑
PAI-1 → ↑

VWF VWF ↑ ↑b

D-dimer D-dimer → →
Platelet Platelet count ↑ ↑g

VWF, von Willebrand factor; PC, Protein C; PS, Protein S; AT-III, Antithrombin-III; PAI-1, 
Plasminogen activator inhibitor-1
aNot significant: on day 7 the PC was significantly higher than preoperative value
bAlthough postoperative FVIII level is significantly high in both groups, this was significantly 
higher in generally anesthetized patients than regional anesthetized ones
cThe maximum decrease (15–20%) was observed 3 h postoperatively
dReached preoperative level on first postoperative day 
eA continuous decrease was observed
f20% decrease
gPostoperative platelet count is significantly increased in both groups but this was significantly 
higher in generally anesthetized patients than regional anesthetized
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Some perioperative changes such as elevated factor (F) VIII and von Willebrand 
factor (VWF) levels, decreased level of the natural anticoagulants such as heparin 
cofactor II, protein C and antithrombin, increased platelet function, and decreased 
fibrinolytic activities, can increase the risk of thrombosis (Ygge 1970; O’Brien et al. 
1974; Collins Jr et al. 1977; Kluft et al. 1985; Andersson et al. 1987).

In a study on coronary artery disease (CAD), it is reported that in peoples who 
have A1A1 genotype the plasma FVIIa levels is epigenetically downregulated via 
methylation of F7 promoter. Hypo-methylation of F7 promoter in A1A1 genotypes 
increases the risk of CAD (Friso et al. 2012).

About the role of miR-223 in the thrombosis and atherosclerosis, it is suggested 
that hypo-methylation of miR-223 promoter increases the risk of atherosclerotic 
cerebral infarction (Rangrez et  al. 2013; Li et  al. 2017). Furthermore, hyper-
methylation of Thrombomodulin (TM) promoter correlates with the lower TM 
mRNA levels and higher plasma level of homocysteine and could be associated with 
increased risk of cerebral infarction (Yang et al. 2016).

The preoperative level of plasminogen activator inhibitor-1 (PAI-1) is a predictor 
for risk of postoperative thrombosis, while this is not true for fibrinogen. The plasma 
level of these proteins may differ between individuals, due to their unique genetic 
profiles. Due to normal gene variations, some patients may have higher levels, and 
be more prone to postoperative thrombotic events. The PAI-1 plasma level partly is 
regulated by the promoter guanidine insertion/deletion (4G/5G) polymorphism in 
the PAI-1 gene. Patients with PAI-1 4G/4G polymorphism are at higher risk of peri-
operative thrombosis (Dorgalaleh et al. 2013a). The FV Leiden and prothrombin 
G20210A mutations are among the most common gene variations and are associ-
ated with thromboembolic events (Table 11.3).

In fact, individuals with inherited thrombophilia are at lifelong risk of venous 
and arterial thrombosis, particularly in response to challenging situations such as 
pregnancy or surgery (Ogasawara et al. 2003; Hazirolan et al. 2004; Hosseini et al. 
2015). Preoperative thrombophilia testing is not routine in patients without a history 
of thrombosis. The growing role of perioperative coagulation genomic in determin-
ing the risk of bleeding and thrombosis remains to be established (Morozowich 
et al. 2006). Cutting-edge technologies like NGS can help in developing the coagu-
lation genomic, and improving personal anesthesia management of patients requir-
ing surgery. The anesthetic considerations of thrombophilia range from perioperative 
use of prophylactic and/or therapeutic anticoagulation to major resuscitation fol-
lowing a PE (Kalantari et al. 2013; Gonzalez-Fiol and Eisenberger 2014). Regional 
anesthesia has a lower risk of thrombosis than general anesthesia (Hollmann et al. 
2001). However, in patients receiving therapeutic anticoagulation, most regional 
anesthetics, particularly spinal and epidural anesthesia, are contraindicated 
(Gonzalez-Fiol and Eisenberger 2014).

FV Leiden, the most common inherited risk factor for venous thromboembolism 
(VTE), is more common in Scandinavian and northern European ethnicities, while 
rare in Asian and African populations (Dahlbäck 1995; Ornstein and Cushman 
2003). Heterozygous carriers and homozygotes have a 4 in 10, and 100-fold increased 
risk of DVT, respectively (Cooley et al. 2007). For parturients with FV Leiden and 
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spontaneous, induced or elective cesarean delivery under spinal or epidural anesthe-
sia, it has been suggested that the underlying disease process, anticoagulant dosing 
alterations, and anesthetic options, be discussed early in the third trimester. Transition 
from low molecular weight heparin (LMWH) to unfractionated heparin (UH) must 
be done prior to the 38th gestational week (Harnett et al. 2005). However, the major-
ity of data do not support the alteration of anesthesia technique in patients with the 
known FV Leiden genotype (Donahue 2004).

Protein C level is also decreased postoperatively. In addition to surgery-related 
protein C deficiency, its decreased level is observed as an inherited deficiency. 
Anesthetic management of patients with protein C deficiency include preoperative 
protein C replacement therapy with fresh frozen plasma (FFP), atraumatic proce-
dure and provision of enough air leak around the endotracheal tube (Wetzel et al. 
1986). Perioperative management of protein C deficiency has included the use of 
tailored atraumatic anesthetics, avoidance of tissue compression and dehydration, 
protein C replacement and anticoagulation (Kumagai et al. 2001; Batool et al. 2011; 
Tiwari et al. 2012). In protein S deficiency, any anesthetic technique can be used 
after protein S replacement therapy (Abramovitz and Beilin 1999; Sugimoto 
et al. 2018).

Several mutations are associated with methylenetetrahydrofolate reductase 
(MTHFR) deficiency, among which the C677T polymorphism is the most detrimen-
tal. Clinical manifestations of patients with MTHFR deficiency include neurologi-
cal symptoms, cardiovascular and thromboembolic disorders (Gales et al. 2018). 
Anesthesiologist should avoid the use of N2O in patients with MTHFR deficiency 
(Shay et  al. 2007). N2O irreversibly inhibits methionine synthesis and leads to 
decreased homocysteine re-methylation, thereby increasing systemic homocyste-
ine, which increases the risk of thrombosis (Mayer et al. 1996; Badner et al. 2001). 
Such exposure also is associated with severe neurological and hematological mani-
festations. Hence, patients with MTHFR deficiency, especially homozygous 
patients, should not be anesthetized with N2O-containing general anesthesia and 
should be anticoagulated sufficiently whenever possible during their hospitaliza-
tion. Spinal or epidural anesthesia can be considered except for patients receiving 
therapeutic anticoagulation. Thrombotic events in patients with MTHFR deficiency 
can cause kidney damage. Thus, one should consider altered drug clearance in 
patients receiving anticoagulants (Shay et al. 2007).

Antithrombin-III, the main physiological inhibitor of thrombin, while decreasing 
progressively during the early postoperative phase, more rapidly returns to the pre-
operative level following epidural rather than general anesthesia (Mayer et al. 1996; 
Corral et al. 2018). Both increased FVIII level and decreased antithrombin level can 
increase the risk of thrombosis. The risk is higher in patients with severe trauma. 
The antithrombin level was observed to fall up to 20% with both types of anesthesia. 
This degree of decrease can increase thrombosis risk four-fold (Konkle et al. 2003; 
Martinelli et al. 2014; Jooste et al. 2019).

Inherited antithrombin deficiency is the strongest risk factor for thrombosis, 
which presents in up to 1% of patients with venous thrombosis. Up to 80% of 
patients with antithrombin deficiency have SERPINC1 gene defects (Martinelli 
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et al. 2014; Corral et al. 2018). There are no randomized clinical trials, guide-
lines or consensus statements about the use of antithrombin concentrate. 
However, a randomized, double-blind, placebo-controlled trial demonstrated 
that supplementation of antithrombin improves heparin sensitivity during car-
diopulmonary bypass in infants (Jooste et al. 2019). According to the case reports 
and series, general or regional anesthesia management of anesthesia in patients 
with antithrombin deficiency includes perioperative use of recombinant or hemo-
derivative antithrombin, placement of a filter in the inferior vena cava to prevent 
PE, active mobilization of lower extremities and perioperative anticoagulation 
(Konkle et al. 2003; Okamoto and Minami 2003; Pamnani et al. 2010; Piper and 
Farrell 2015; Yu et al. 2018). In some patients, decreased levels of antithrombin-
III and protein C were sufficient for spontaneous thrombosis, as can be observed 
in patients with inherited deficiencies of these factors (Martinelli et  al. 2014; 
Corral et al. 2018). Antithrombin-III and α-antiplasmin are sensitive indices of 
coagulation and activation of fibrinolysis, respectively (Konkle et  al. 2003; 
Pamnani et al. 2010; Jooste et al. 2019). Multiple studies to date have unequivo-
cally demonstrated that regional anesthesia, particularly epidural anesthesia, can 
ameliorate postoperative hypercoagulability. In a study on 20 premenopausal 
women undergoing abdominal hysterectomy, FVIII and VWF levels were 
observed to be lower in epidural than general anesthesia (Bredbacka et al. 1986). 
Several randomized clinical or controlled trials on patients with lower-extremity 
vascular reconstruction, total hip replacement, and abdominal hysterectomy, 
demonstrate that epidural anesthesia can improve fibrinolytic activity by hinder-
ing the postoperative release of PAI-1 protein (Simpson et al. 1982; Modig et al. 
1983; Donadoni et  al. 1989; Rosenfeld et  al. 1993). Fibrinolytic activity is 
increased, and surgery related “stress response” is reduced, by epidural anesthe-
sia. Surgical stress, with significant adrenocortical response, can increase fibri-
nolytic activity, while epidural anesthesia can decrease fibrinolysis by decreasing 
adrenocortical response (Rosenfeld et al. 1993). When a long-acting local anes-
thetic such as bupivacaine is used, in combination with adrenaline and ephed-
rine, it can increase fibrinolytic activity. Even a small amount of adrenaline can 
increase fibrinolytic activity (Rosenfeld et  al. 1993). A study on the flow of 
blood in the calf during total hip replacement, using venous occlusion plethys-
mography (VOP) on the non-operated leg, demonstrated that generally anesthe-
tized patients had significantly lower blood flow and venous capacity in the 
lower limb at the end of surgery than another group with epidural blockade. It 
suggested that a constant decrease of the blood flow in the deep veins of the 
lower limbs may increase the risk of DVT (Modig et al. 1980). Absorption of 
local anesthetic agents from the epidural space has systemic effects such as 
direct impairment of platelet aggregation (Feinstein et al. 1976; Borg and Modig 
1985; Henny et al. 1986). Patients who were given general anesthesia and a post-
operative epidural infusion of bupivacaine-fentanyl showed a nine-fold decreased 
incidence of vascular graft occlusion than patients with general anesthesia and 
patient-controlled opioid analgesia (PCA) (Tuman et  al. 1991). Patients 
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undergoing peripheral vascular surgery under epidural anesthesia had five-fold 
lower need for reoperation due to graft failure than patients who were given 
general anesthesia (Christopherson et  al. 1993). An equivalent decrease in 
thromboembolic events has been observed in patients who had knee arthroplasty, 
or open prostatectomy, under epidural anesthesia (Hendolin et al. 1981; Jørgensen 
et al. 1991).

Furthermore, the use of anticoagulants, antiplatelets, and fibrinolytic drugs has a 
great effect on the perioperative VTE. The simultaneous use of regional anesthesia 
and antithrombotic agents may increase the risk of bleeding. In a patient with a 
known coagulopathy, anesthesiologists encounter challenging situations that require 
risk/benefit decision-making. Any coagulopathy is a challenge for regional anesthe-
sia as it may cause serious complications.

Fibrinogen levels remain increased for a relatively long time (7 days) after major 
surgeries. Fibrinogen, FVIII and VWF levels are increased postoperatively. 
Although this increase can be observed in general and regional anesthesia, the FVIII 
and VWF level increase is significantly higher in general versus regional anesthesia. 
This increase is attributed to beta-adrenergic receptors; epidural anesthesia can 
attenuate this increase (Rosenfeld et al. 1993).

Epidural anesthesia can improve the blood flow in the lower extremities, while 
general anesthesia decreases this flow in the deep veins and can increase the risk 
of graft occlusion. Postoperative arterial thrombosis is higher in patients with a 
higher preoperative level of PAI-1 under general anesthesia. The postoperative 
PAI-1 level is higher in regional than general anesthesia. The rate of arterial 
thrombosis is higher in patients under general than regional anesthesia. Impaired 
fibrinolysis may relate to postoperative arterial thrombosis. It seems that regional 
anesthesia combined with epidural fentanyl analgesia may decrease the risk of 
arterial thrombosis due to lower PAI-1 levels in patients with lower extremity 
revascularization (Rosenfeld et al. 1993). PAI-1, a specific, rapidly acting inhibi-
tor of tissue- (tPA) and urokinase-plasminogen activators (uPA), is primary regu-
lator of plasminogen. PAI-1 deficiency and increased levels are associated with 
bleeding and thrombosis, respectively (Rosenfeld et al. 1993). Regional anesthe-
sia attenuates surgery-related cortisol and catecholamine response, which change 
is suggested as main cause of a number of hemostatic changes under general and 
regional anesthesia. Dexamethasone administration can increase the PAI-1 level 
and impair fibrinolysis function (Rosenfeld et  al. 1993; Corral et  al. 2018). 
Increased PAI-1 level is also associated with the risk of myocardial infarc-
tion (MI).

Perioperative morbidity and mortality is higher in patients receiving general 
rather than regional anesthesia, while incidence of postoperative DVT is lower in 
patients with regional rather than general anesthesia. Increased levels of coagulation 
factors are smaller in patients receiving general rather than regional anesthetic.

A meta-analysis of randomized control trials demonstrated that neuraxial blocks 
decrease death by 30%, DVT by 44%, and PE by 55% (Modig et al. 1983; Bredbacka 
et al. 1986).
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�Anticoagulation Therapy and Anesthesia

�Anesthetic Considerations for Patients Receiving 
Fibrinolytic Therapy

Fibrinolytic drugs can cause severe bleeding, especially in invasive procedures. 
Neuraxial hemorrhage can be observed in patients undergoing heparin and/or anti-
platelet therapy. Patients with a history of lumbar puncture, epidural or spinal anes-
thesia and concomitant steroid injection into the epidural space should be closely 
monitored. Patients receiving thrombolytic drugs should not undergo puncture of a 
non-compressible vessel within 10 days after surgery. Patients undergoing fibrino-
lytic therapy should not receive epidural or spinal anesthesia, except under specific 
circumstances. Should patients receive concurrent neuraxial blocks and thrombo-
lytic agents, evaluation of their neurologic status every two hours during surgery is 
recommended. Epidural catheter infusions must be restricted to medications inhibit-
ing the risk of sensory and motor block to ensure better monitoring of neurological 
status. Unforeseen requirements for thrombolytic drugs may arise in patients with a 
neuraxial catheter. There is no clear-cut recommendation for catheter removal in 
such situations. However, fibrinogen assay can determine remaining fibrinolytic 
activity and the appropriate time for catheter removal (Horlocker et al. 2019).

�Anesthetic Considerations for Patients on Unfractionated 
Heparin (UFH)

The medical history of patients should be reviewed to determine the possible use of 
coagulation modifiers. Two- or three-time daily thromboprophylaxis administration 
of 5000 U (low-dose) UFH is not contraindicated with the neuraxial techniques, if 
anesthesia is administered 4–6 h after heparin administration. Patients with a UFH 
dose greater than 10,000 U have an increased risk of surgical bleeding. However, 
the safety of neuraxial blockade for patients with daily or twice-daily administration 
of UHF has not been determined. Hence, risk-benefit assessment of use of UHF 
three times per day should be evaluated individually. However, in pregnant patients 
receiving preoperative thromboprophylaxis of high-dose (7500–10,000  U) UFH, 
daily or twice-daily dose no more than 20,000  U, neuraxial blockade is recom-
mended to be administered 12 h after subcutaneous heparin administration, after 
evaluation of the patient’s hemostatic state. In preoperative administration of high-
dose (more than 10,000  U per dose or total >20,000  U daily) UFH in pregnant 
patients, it is recommended that neuraxial blockade be administered 24 h after the 
subcutaneous heparin administration. Due to the higher risk of heparin-induced 
thrombocytopenia (HIT) in patients with more than 4 days of heparin therapy, a 
platelet count is recommended prior to catheter removal and the neuraxial blockade.

Some specific issues are recommended for patients anesthetized with neuraxial 
techniques and concomitant administration of intravenous heparin, including:
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	1.	 Patients with other coagulopathies should not be anesthetized with neuraxial 
techniques.

	2.	 There must be a one-hour delay in heparin administration, after needle 
positioning.

	3.	 Neuraxial catheters should be removed 4–6  h after administration of the last 
heparin dose, with resumption of heparin administration one hour after catheter 
removal.

	4.	 For rapid recognition of a motor blockade, the continuous post-operative state of 
patient stability should be recorded. The lowest concentration of regional anes-
thetics should be administered to promote immediate diagnosis of a spinal 
hematoma.

	5.	 When needle positioning is difficult and/or accompanied by hemorrhage, discon-
tinuing neuraxial anesthesia is recommended. In this situation, a suitable risk-
benefit decision should be made by the surgeon and anesthesiologist. It is unclear 
whether the risk of neuraxial hematoma is increased while the anesthetic is 
accompanied by full anticoagulation. Postoperative monitoring of neurological 
function is recommended and decision-making about the type of analgesia should 
minimize the degree of sensory and motor blockade, yielding a subsequently easy 
recognition of unexpected neuro-difficulties (Table 11.4) (Horlocker et al. 2019).

Table 11.4  Management of neuraxial anesthesia in patients on antithrombotic or 
thrombolytic therapy

Drug

Recommended 
time interval 
between 
cessation of 
drug and 
neuraxial 
puncture

Recommended 
time interval 
between catheter 
removal and 
re-administration 
of drug Description

• � Fibrinolytic 
agents

... … • � There is no definitive 
recommendation. However, at 
least 48 h time-interval between 
cessation of drug and neuraxial 
puncture and between catheter 
removal and re-administration of 
drug is suggested. After this 
time-interval it is suggested to 
measure fibrinogen level to ensure 
normalization of coagulation

• � IV UFH 
(prophylactic 
and therapeutic)

4–6 h 1 h • � Normalization of coagulation state 
should be verified before neuraxial 
puncture

• � Residing neuraxial catheter should 
be removed 4–6 h after the last 
dose of heparin and after 
verification of normalization of 
coagulation

(continued)
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Table 11.4  (continued)

Drug

Recommended 
time interval 
between 
cessation of 
drug and 
neuraxial 
puncture

Recommended 
time interval 
between catheter 
removal and 
re-administration 
of drug Description

• � Low-dose SC 
UFH for 
prophylaxis 
(5000 U)

4–6 h 1 h • � Residing neuraxial catheter should 
be removed 4–6 h after low-dose 
SC UFH administration

• � High-dose SC 
UFH for 
prophylaxis

12 h … • � The safeness of catheter removal 
in patients receiving high-dose SC 
UHF (>5000 U) has not been 
guaranteed. Risk/benefit decision 
making should be done on a 
personalized basis

• � SC therapeutic 
UFH

24 h … …

• � Prophylactic 
LMWH

12 h 4 h • � In patients receiving once- or 
twice- daily prophylactic dosing 
of LMWH post-operatively, the 
first dose must be given at least 
12 h after the needle or catheter 
positioning, provided that there is 
sufficient hemostasis. In patients 
receiving single-daily prophylactic 
dosing of LMWH, the second 
dose should not be given earlier 
than 24 h after the first dose and 
the catheter must be removed 12 h 
after the last dose 

• � Therapeutic 
LMWH

24 h 4 h • � In patients receiving therapeutic 
doses of LMWH, monitoring of 
anti-factor Xa activity level should 
be considered, especially in senile 
patients and patients with renal 
dysfunction

• � Fondaparinux 3–4 days 24 h …
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Table 11.4  (continued)

Drug

Recommended 
time interval 
between 
cessation of 
drug and 
neuraxial 
puncture

Recommended 
time interval 
between catheter 
removal and 
re-administration 
of drug Description

• � Warfarin 
(chronic 
therapy)

5 days … • � INR should be normalized before 
the neuraxial technique

• � In patients on low-dose warfarin 
therapy during epidural technique 
daily monitoring of INR is 
recommended

• � When patients begin warfarin 
therapy less than 24 h prior to the 
surgery, neuraxial blockade 
depends on the normalization of 
INR

• � Removal of neuraxial catheter is 
limited to INR<1.5 in patients 
who receive warfarin for 
thromboprophylaxis. Although 
removal of the epidural catheter 
12–24 h after warfarin 
administration seems to be 
uneventful, the risk of epidural 
catheter removal after 48 h is not 
guaranteed

• � Direct anti-FXa 
agents

3 days 6 h (This time is 
5 h for Betrixaban)

•  Neuraxial puncture earlier than 3 
days should be limited to 
consideration of anti-factor Xa 
activity levels

• � Dabigatran 5 days 6 h • � Recommended time interval 
between cessation of dabigatran 
and neuraxial puncture according 
to the values of creatinine 
clearance rate is recommended.

•  NSAIDs Whenever Whenever •  There is neither additional risk 
for spinal hematoma in patients 
having neuraxial anesthesia, nor 
particular worry about the 
scheduling of catheter removal

(continued)
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Drug

Recommended 
time interval 
between 
cessation of 
drug and 
neuraxial 
puncture

Recommended 
time interval 
between catheter 
removal and 
re-administration 
of drug Description

•  Ticlopidine 10 days 24 h • � The re-administration of 
thienopyridine derivatives and 
ticagrelor following needle 
positioning or catheter removal is 
limited to the lack of an initial 
higher dose of thienopyridine 
derivatives and ticagrelor given at 
the beginning of a course of 
treatment. If a loading dose is 
given, a time interval of 6h 
between catheter removal and 
thienopyridines is recommended

•  Clopidogrel 5–7 days 24 h
•  Prasugrel 7–10 days 24 h
•  Ticagrelor 5–7 days 24 h

•  Abciximab 1–2 days … • � Although the administration of 
GPIIb/IIIa antagonists is 
contraindicated until 4 weeks after 
surgery, it is recommended that 
while neurological functionality is 
monitored, the GPIIb/IIIa 
antagonists be administered 
simultaneously in the 
postoperative phase. Timing of 
catheter removal is based on 
ongoing risk of thromboembolism 
and need for continued 
antithrombotic therapy and the 
potential for spinal bleeding

•  Eptifibatide 4–8 h …
•  Tirofiban 4–8 h …

•  Cilostazol 2 days 6 h …

•  Dipyridamole 1 days 6 h
•  Cangrelor 3 h 8 h
• � Herbal 

medication
Whenever Whenever • � Garlic, ginkgo and ginseng are not 

associated with additional risk of 
spinal hematoma in patients 
undergoing epidural or spinal 
anesthesia and will not interfere 
with performing neuraxial 
blockade

IV UFH, intravenous unfractionated heparin; SC UFH, subcutaneous unfractionated heparin; 
LMWH, low molecular weight heparin; NSAIDs, nonsteroidal anti-inflammatory drugs; h, hour

Table 11.4  (continued)
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�Anesthetic Considerations for Patients on Low Molecular 
Weight Heparin (LMWH)

The current recommendations are not capable of entirely eradicating the possibility 
of spinal hematoma. Patients receiving chronic anticoagulation therapy via high-
dose LMVH are at high risk of destabilization of their coagulation state. Despite the 
advantages of monitored high-dose LMWH therapy, measurement of plasma levels 
of anti-FXa is not a good predictor of bleeding risk. No residual anti-FXa level 
ensures a safe neuraxial blockade. Concomitant administration of antiplatelet 
agents, dextran, or other oral anticoagulants to a patient with LMWH may increase 
the risk of spinal hematoma. Due to the risk of HIT in patients with more than 4 
days of LMWH therapy, a platelet count is recommended prior to catheter removal.

In a patient receiving preoperative prophylactic doses of LMWH, needle posi-
tioning should be done no earlier than 12  h after the LMWH administration. 
Delaying surgery is not necessarily recommended in bloody needle and catheter 
positioning. In this situation, the surgeon should be consulted and postoperative re-
administration of LMWH postponed for 24 h. In patients receiving a high dose of 
LMWH, it is recommended that needle insertion be postponed at least 24 h after 
administration of LMWH to ensure the optimal hemostasis status. The monitoring 
of remaining anti-FXa activity should be considered, especially in senile patients 
and those with renal dysfunction For general surgery, the recommendation is against 
the use of neuraxial techniques if patients have received LMWH 2 h preoperatively. 
Due to maximum antithrombotic activity in this interval, needle positioning might 
be accompanied with a high bleeding tendency.

Enoxaparin is used for the management of patients with DVT or PE. For enoxa-
parin, positioning or removal of a neuraxial catheter must be postponed for no less 
than 12 h following administration of a prophylactic dose. For patients receiving 
therapeutic doses, the time interval should be 24 h. A postoperative dose of enoxa-
parin should be administered 4 h following catheter removal (Horlocker et al. 2019).

�Anesthetic Considerations for Patients on Fondaparinux

Fondaparinux is a synthetic pentasaccharide that can selectively inhibit FXa. This 
anticoagulant can be used after extensive orthopedic surgery, or the management of 
PE (Turpie et al. 2002; Matisse Investigators 2003). Available data about the risk of 
spinal hematoma related to the administration of fondaparinux and its postoperative 
initial dosing are insufficient. The recommendations are against the administration 
of fondaparinux in patients with a residing epidural catheter. The recommended 
time-interval between interruption of fondaparinux and the pain blockade process is 
3–4 days. The recommended time-interval between the pain blockade process and 
re-administration of fondaparinux is 24 h (Narouze et al. 2015).
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�Anesthetic Considerations for Patients on Oral Anticoagulants

�Warfarin

Contrary to the achieved adequate FVII activity observed by decreasing INR, hemo-
static conditions (FII and X activity levels) may not be enough to prevent hemor-
rhage during the first 24–72 h after interrupting a durable warfarin therapy (Xi et al. 
1989; Ansell et al. 2008). Thus, care must be taken when a patient with interrupted 
durable warfarin therapy has to undergo a neuraxial technique. It is recommended 
that the surgical procedure be performed preferably 5 days after interruption of the 
durable warfarin therapy; initiation of the neuraxial blockade depends on the nor-
malized INR.  Recommendations are against the simultaneous administration of 
other oral anticoagulants with warfarin, the effects of which may not be reflected in 
INR (such as non-steroidal anti-inflammatory drugs (NSAIDs), UHF, LMWH and 
thienopyridine derivatives) but that affect the other coagulation mechanisms. At the 
beginning of warfarin therapy, less than 24 h prior to surgery, the neuraxial blockade 
should be accompanied by regular monitoring that INR is at the normal level. Daily 
INR checking is also suggested during the epidural analgesia for patients receiving 
low doses of warfarin. The neurological functions of patients receiving warfarin 
therapy should be monitored regularly during the epidural analgesia. Decision on 
the type of analgesia should strive to minimize the degree of sensory and motor 
blockade. In patients receiving prophylactic doses of warfarin, removal of neuraxial 
catheters should be limited to those with an INR of 1.5 and lower (activity of coagu-
lation factors is considered to be more than 40%). Epidural catheter removal the first 
12–24 h after administration of warfarin is not associated with increased risk of 
bleeding. However, epidural catheter removal at 48 h is not safe enough. It seems 
helpful to patients with an INR between 1.5 and < 3 to surgically remove a residing 
catheter. The administration history of other modulators of hemostasis that may 
have no effect on the INR (clopidogrel bisulfate, LMWH, UHF, aspirin and other 
NSAIDs) also should be checked. It is suggested that the neurological function form 
be monitored until the desired INR is achieved, before catheter removal. In patients 
undergoing neuraxial catheter infusion with an INR 3 or higher, it is strongly rec-
ommended that warfarin administration be reduced or suspended, because there is 
no reliable advice for simplifying catheter removal in these patients (Horlocker 
et al. 2019).

�Genetic-Guided Dosing of Warfarin

Some evidence indicates that genetic-based differences in the warfarin metabolism 
could affect the functionality of the drug. For instance, CYP2C9 (cytochrome P450 
family 2 subfamily C member 9) is a polymorphic gene which encodes a monooxy-
genase involved in the metabolization of more potent enantiomer of warfarin 
(S-warfarin) (Ansell et al. 2008). The more prevalent and well-investigated alleles 
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of this enzyme are 2C9*2 (rs1799853: C430T) and 2C9*3 (rs1057910: A1075C) 
which have impact on pharmacokinetics of warfarin. Carriers of such alleles have 
reduced capacity to metabolize S-warfarin, resulting in reduced warfarin require-
ment compared to people with wild-type enzyme (2C9*1) (Ansell et  al. 2008). 
Warfarin plays its anticoagulant role by inhibiting the vitamin K epoxide reductase 
(VKOR) enzyme in the vitamin K cycle. There are several variants of VKORC1 
gene producing enzymes with different impacts on the pharmacodynamics of war-
farin. For example, the H1 and H2 haplotypes are warfarin-sensitive and the H7, H8, 
and H9 represent warfarin-resistant haplotype (Ansell et al. 2008). The polymor-
phism of G3673A (rs9923231) is in the promoter region of VKORC1 gene affecting 
the pharmacokinetics of warfarin. The carriers of A allele have lower expression and 
activity of the VKOR enzyme. The A allele is more common in Asian populations. 
This issue provides an explanation for lower doses of warfarin in individuals of 
Asian descent. G9041A (rs7294) is a SNP in the 3′UTR of VKORC1 gene and it 
might be correlated with higher doses of warfarin (Owen et al. 2010).

�Direct Oral Anticoagulants (DOACs)

�Direct Oral FXa Inhibitors

Direct FX inhibitors, including rivaroxaban, apixaban, edoxaban, and betrixaban, 
have a growing role in the management of patients with thromboembolic disorders. 
Neuraxial blockade is recommended to be done 3 days after interruption of direct 
anti-FXa agents. Earlier than 3 days, the blockade should be done after considering 
anti-FXa activity level. However, an allowable level of remaining anti-FXa activity 
to be reached before administering neuraxial blockade remains unspecified. The 
catheter must be removed 6 h before the first postoperative dose of direct anti-FXa 
agent. This time interval is 5 h for betrixaban. Recommendations are against imple-
mentation of neuraxial blockade in patients with betrixaban therapy and a creatinine 
clearance (CrCl) rate of less than 30 mL/min. In patients with a residing catheter 
and an unexpected requirement for anti-FXa agents, it is recommended to that the 
agents be administered in a specific time interval (rivaroxaban 22–26 h, apixaban 
26–30 h, edoxaban 20–28 h, and betrixaban 72 h) or after a calibrated anti-FXa 
assay prior to the catheter removal has been performed (Horlocker et al. 2019).

�Direct Oral Thrombin Inhibitors

The renal clearance of dabigatran may be affected by surgery. It is recommended 
that the neuraxial blockade be done 5 days after discontinuation of dabigatran. For 
shorter intervals, patients should be checked by dilute thrombin time (dTT) and 
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ecarin clotting times (ECT). An allowable level of remaining dabigatran activity, 
before receiving neuraxial blockade, remains unspecified. In patients with a resid-
ing catheter and an unexpected need for dabigatran, it is recommended to dabiga-
tran dosing be held for 34–36 h, or that dTT and ECT be evaluated, prior to the 
catheter removal. Patients receiving parenteral thrombin inhibitors, including desi-
rudin, bivalirudin, and argatroban, should not use neuraxial anesthetics (Horlocker 
et al. 2019).

�Anesthetic Considerations for Patients on Antiplatelet Drugs

The antiplatelet drugs such as aspirin, platelet adenosine diphosphate receptor 
(P2Y12 subtype) antagonists (thienopyridine derivatives): clopidogrel, ticlopidine 
and prasugrel; GPIIb/IIIa antagonists: tirofiban, eptifibatide and abciximab; have 
different effects on platelet function. Bleeding time as a monitoring test of platelet 
function is not reliable. Thus, preoperative monitoring of patients receiving anti-
platelet therapy is mandatory to minimize the risk of bleeding. Clinical manifesta-
tions, including petechiae, purpura, mucosal bleeding and easy bruising, also should 
be considered. The NSAIDs like aspirin appear to be associated with no additional 
risk of spinal hematoma in patients undergoing spinal or epidural anesthesia. There 
is no interference with neuraxial blockade in patients receiving NSAIDs. Also, there 
is no particular worry about the scheduling of catheter technique, monitoring of 
neurological functionality or the scheduling of catheter removal. The recommenda-
tions are against the implementation of neuraxial techniques in patients receiving 
NSAIDs with possible concomitant administration of antithrombotic drugs such as 
LMWH, UFH and oral anticoagulants at the initial time after surgery. 
Cyclooxygenase-2 (COX2) inhibitors such as celecoxib, etoricoxib and rofecoxib 
have a slight impact on platelet function; only concomitant administration with anti-
thrombotic drugs might considerably increase the effect.

It is recommended that neuraxial blockade be performed 10 days after stopping 
ticlopidine, 5–7 days after clopidogrel, and 7–10 days after prasugrel. Twenty-four 
hours post-operative re-administration of thienopyridine derivatives is suggested. 
When neuraxial blockade is required 5–7 days after discontinuation of clopidogrel, 
platelet function should be reassessed to ensure elimination of drug effects on the 
platelets. The recommendations are against a sustained neuraxial catheter in patients 
receiving prasugrel or ticagrelor, because the drugs are quick-onset and do not 
require long-term catheterization. Due to the notion that both ticlopidine and clopi-
dogrel are slow-onsets, a sustained neuraxial catheter might be kept for 24–48 h if 
an initial higher dose of antiplatelet medication is not given at the beginning of 
treatment. The re-administration of thienopyridine derivatives and ticagrelor fol-
lowing needle positioning or catheter removal is limited to the lack of an initial 
higher dose of thienopyridine derivatives and ticagrelor given at the beginning of a 
course of treatment. If not, it is recommended that the catheter be removed 6 h after 

A. Dorgalaleh et al.



259

re-administration of thienopyridine derivatives and ticagrelor. It is recommended 
that neuraxial blockade be performed 5–7 days after interruption of ticagrelor 
therapy.

The neuraxial blockade in patients receiving platelet GPIIb/IIIa inhibitors should 
be limited to a time in which the drug effects have been eliminated and platelet 
aggregation has recovered. Time duration for abciximab is 1–2 days, and for eptifi-
batide and tirofiban 4–8 h. Although the administration of GPIIb/IIIa antagonists is 
contraindicated until 4 weeks after surgery, it is recommended that neurological 
functionality be monitored, and the GP IIb/IIIa antagonist be administrated simulta-
neously during the postoperative phase.

Cilostazol is a platelet aggregation inhibitor with vasodilating properties that 
selectively inhibits the phosphodiesterase type 3. Due to the lack of a known risk of 
bleeding related to neuraxial blockade in a patient receiving cilostazol, it is recom-
mended to apply a 2-day interval between the neuraxial blockade and cilostazol 
interruption. Re-administration of the first postoperative cilostazol dose should be 
done 6 h after catheter removal.

Dipyridamole and cangrelor are platelet aggregation inhibitors that inhibit the 
P2Y12 receptor. The risk of bleeding related to neuraxial blockade in patients 
receiving cangrelor is unclear. Concomitant administration of dipyridamole with 
aspirin might increase the risk of hemorrhage. According to the drug’s half-life, it is 
recommended to wait 24 and 3 h between neuraxial blockade and interruption of the 
dipyridamole and cangrelor, respectively. Re-administration of the first postopera-
tive dipyridamole and cangrelor dose should be done 6 and 8  h after catheter 
removal, respectively (Horlocker et al. 2019).

�Anesthetic Considerations for Patients on Herbal Medications

Plants with medicinal properties such as garlic—reduction of blood pressure and 
inhibition of platelet aggregation; ginkgo—inhibition of platelet-activating factor; 
and ginseng—prolongation of thrombin time and partial thromboplastin time in ani-
mals (Horlocker et al. 2003) seem not to be associated with additional risk of spinal 
hematoma in patients undergoing epidural or spinal anesthesia. Nor will they inter-
fere with neuraxial blockade (Horlocker et al. 2019).

�Anesthetic Considerations for Patients with Underlying 
Bleeding Disorders

Patients with congenital bleeding disorders require special precautions to reduce the 
risk of perioperative bleeding (Tabibian et al. 2016; Naderi et al. 2018). VWD is the 
most common congenital bleeding disorder with estimated incidence of 1% in the 
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general population. The disorder is more common in some populations such as the 
Swedes. The disorder can be considered a potential risk factor for anesthesia. Most 
patients with VWD are affected by VWD type 1, diagnosis of which is challenging. 
Although molecular analysis of the VWF gene could be used for precise diagnosis, 
it is time-consuming and laborious. Most anesthetic recommendations are for 
patients with hemophilia, not for other rare or common congenital bleeding disor-
ders (Dorgalaleh et al. 2018a, b). In fact, perioperative bleeding is a significant risk 
factor in all patients with congenital bleeding disorders, even in patients with mild 
disorders such as FXI deficiency and combined FV and FVIII deficiency (Dorgalaleh 
et  al. 2016, 2017; Naderi et  al. 2016; Tabibian et  al. 2016; Bamedi et  al. 2017) 
(Tables 11.5 and 11.6).

For anesthetic management of patients with bleeding disorders, pre-operative 
administration of deficient coagulation factor should be considered. For instance, 
one anesthetic consideration for patients with hemophilia A is preoperative admin-
istration of hemoderivative or recombinant FVIII to increase the plasma FVIII level. 
The recommendations are against the administration of NSAIDs in hemophilia 
patients due to the increased risk of hemorrhage. Hemophilia patients who are sup-
posed to undergo a lumbar puncture should first be managed with a hemoderivative 
or recombinant coagulation factor to restore coagulation factor activity. Hemophilia 
patients with active pharyngeal bleeding are exposed to risk of airway obstruction 
resulting from unsafe airway protection, even with administration of FVIII concen-
trate. Hence, elective mechanical ventilation provided by insertion of an endotra-
cheal tube into the airway is helpful to avoid airway obstruction. Recommendations 
for post-operative pain management of patients with hemophilia are against the 
intramuscular injection of analgesia. Pre-operative evaluation of hemophilia patients 
must involve inhibitor screening and assay, if resumed plasma factor activity level 
is less than anticipated. About the timing of surgery it is better to be scheduled at the 
start of the week, and first of the day, for the best laboratory and blood bank support, 
if needed. The dosing regimen and duration of coagulation factor concentrate cover-
age, depending on the type of surgery, should be enough to maintain levels until the 
postoperative phase (Membership of the Working Party et al. 2013). In patients with 
hemophilia who generate antibody against FVIII in response to given hemoderiva-
tives, administration of recombinant products is indicated (Membership of the 
Working Party et al. 2013). Generally, it is suggested that if a patient with an inves-
tigated coagulation malfunction is supposed to be anesthetized via a regional tech-
nique, an anesthesiologist expert in this field should conduct the process. This is 
probably because an expert regional anesthesiologist will require fewer tries to 
reach the successful blockade (Membership of the Working Party et al. 2013).

A meta-analysis of randomized control trials revealed that neuraxial blockade 
reduces postoperative bleeding requiring transfusion and preoperative blood trans-
fusion > 2 blood units.

FXII deficiency, or Hageman deficiency, is a relatively common autosomal 
recessive coagulopathy. The estimated incidence of the disorder is 1.5–3% in the 
general population. Patients with FXII deficiency do not have a bleeding tendency, 
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while they do have a high rate (8–10%) of thromboembolic events. Patients with the 
disorder are in a hypercoagulable state due to impaired fibrinolysis. Perioperative 
thromboembolic risk is relatively high in patients with FXII deficiency.

Acknowledgment  We highly appreciate Daisy Morant’s valuable work in improving English 
language of the chapter.
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•  Use IVC filter to avoid the risk of pulmonary embolism
•  Avoidance of dehydration and minimizing the duration of immobilization
•  Use of mechanical compression devices like intermittent pneumatic compression
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