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      Abstract


      Neuraxial block and general anesthesia are often the preferred anesthetic management for above knee amputation. In high-risk patients, however, with many co-morbidities, they may not be the ideal choice.


      This is a case report of the factual benefits of nerve stimulator guided peripheral nerve block, a feasible option for reliable anesthesia for above knee amputation on a 64-year-old female, obese, diabetic, and septic patient with multiple co-morbidities, who was scheduled for above knee amputation.


      Ultrasound guidance is the most widely used nerve localization method of choice for peripheral nerve blocks. It can provide direct visualization of the needle, nerves, and the spread of the local anesthetic improving the success rate. In contrast, nerve stimulation relies on surface landmark identification, and physiological responses of neural structures to electrical stimulation which can be highly influenced by injectates and physiologic solutions affecting its efficacy. Since there was the absence of a working ultrasound machine when this emergency procedure was scheduled, the nerve stimulator guided technique was adopted in the performance of the peripheral nerve blocks.


      Introduction


      It is imperative that an adequate preoperative evaluation and a rational intraoperative and postoperative anesthetic management of patients with diabetes be exercised to avoid morbidity and mortality. Patients with longstanding diabetes mellitus often have long term complications, resulting in hypertension, cardiac ischemia, atherosclerosis, and renal failure among other syndromes [1].


      Above knee amputation (AKA) is considered a high-risk surgery. Perioperative mortality rate ranges from 2.8% to 35% for AKA patients, which is even worse compared to below knee amputation (BKA) with a risk of 0.9% to 14.1% [2-5]. Lee, et al. identified six independent predictors of cardiac events for patients undergoing major noncardiac surgeries, which includes diabetes mellitus (DM), history of coronary artery disease, cerebrovascular disease, congestive heart failure (CHF), high-risk surgery, and serum creatinine level of > 2 mg/dl [6].


      Considering that our patient exhibits all of the predictors enumerated neither neuraxial block nor general anesthesia would be the safest anesthetic management plan for the patient. Instead, an alternative technique in the form of peripheral nerve blocks which would provide cardiovascular stability [7] as well as prevent perioperative adverse event from occurring which would be a better choice, was performed. This paper reports the use of peripheral nerve block for a very ill, diabetic patient who was scheduled for above knee amputation.


      Case Report


      A 64-year-old, 73 kg, 154.94 cm, obese, female, patient was initially seen at the emergency department of the University of the Philippines-Philippine General Hospital because of neuroischemic foot ulcer of the 1st and 2nd toes of the left foot. The patient was referred and subsequently admitted to the Orthopedics department for further management.


      While at the wards, referral to internal medicine service was carried out. She was diagnosed to have diabetes mellitus type 2, uncontrolled, insulin requiring with retinopathy and neuropathy. She also had hypertension, chronic kidney disease, and congestive heart failure class II. History also revealed that she had a stroke in 2006, which presented as left sided weakness from which she was able to recover with no residuals.


      Further evaluation revealed sepsis with an elevated white blood cell count of 18.50 × 109/L although bleeding parameters were within normal limits. ECG findings showed an old anteroseptal wall infarct. On auscultation, crackles on both lung bases were observed together with pedal edema on the right foot.


      Since there was no improvement on the wound healing of the neuroischemic foot despite the antibiotics, and with further worsening resulting in septicemia, the surgeons decided to schedule the patient for above knee amputation surgery. A referral to the anesthesiology department was then carried out.


      Based from the pre-operative evaluation, considering the myriad of problems, a peripheral nerve block (PNB) in the form of combined lumbar plexus (LP) and parasacral sciatic nerveblock (PSNB) which would provide a unilateral lower extremity anesthesia, was decided as the anesthetic of choice to prevent any untoward perioperative cardiac morbidity. During the time of the anesthetic referral however, the ultrasound was not working and as such, the traditional technique of nerve stimulator and landmark guided LP and PSNB was planned.


      On arrival at the operating room, a 0.9% Normal Saline Solution was flowing intravenously. Non-invasive monitors were attached (ECG, blood pressure cuff, pulse oximetry). Oxygen at 5 L/min was administered via the Hudson mask. A central line was inserted at the right internal jugular vein to obtain a more reliable venous access and to be able to monitor the hemodynamic status of the patient. The initial blood pressure (BP) was 150/90. A dose of 1 mg of Midazolam and 25 ug of Fentanyl was given intravenously to lessen the discomfort during positioning and during the conduct of the LP and PSNB, which are considered as deep type of PNBs [8]. The patient was then placed in the right lateral decubitus position. Using aseptic precautions, a left LP block was performed (Figure 1). Four cm lateral to the spinous process of L4 at the level of the iliac crest was the point of needle insertion [9]. The plexus was located using an insulated 21 gauge, 100 mm Vygon needle, which was attached to a nerve stimulator. It was advanced perpendicular to the skin until it contacted the L4 transverse process, after which it was slightly withdrawn and redirected cephalad and walked off. Contraction of the quadriceps muscle was elicited at a depth of 7 cm initially at a current of 1.5 mA until it was decreased to 0.5 mA with better localization of the nerve (Figure 2). The local anesthetic was slowly injected at increments of 5 ml, taking the time to aspirate and pause to investigate for any blood before delivery of the local anesthetic. Close monitoring of the heart rate and blood pressure was also exercised.


      The PSNB block which was based from Mansour's technique [10] was subsequently performed. A line was drawn between the posterior superior iliac spine (PSIS) and ischial tuberosity. The same needle was inserted perpendicular to the skin 6 cm from the PSIS (Figure 3). Twitches of the hamstring, calf muscles, and plantar flexion of the foot were elicited at a depth of 7 cm with a current of 1.5 mA until it was lowered down to 0.5 mA with better positioning of the needle near the nerve. The volume of local anesthetic injected was 25 ml each for the LP and PSNB for a total volume of 50 ml which were composed of a mixture of Levobupivacaine (Chirocaine) 0.375% and saline with Adrenaline 1:400,000. Pinprick testing was used to assess sensation. Inability to move the left lower extremity completely transpired 20 mins after the PSNB, the second block, was performed.


      With the persistence of the same blood pressure taken upon arrival at the operating room, 5 mg of Nitroglycerin patch was placed on the left anterior chest wall before surgery commenced. The BP was maintained between 120-130/80 mmHg from the start of surgery until it was finished while the CVP pressure remained constant between 9-11 mmHg. The patient was comfortable and did not complain of any pain during the whole duration of the procedure which lasted for 2 hours and 30 minutes (Figure 4).


      Discussion


      Amputation of the lower extremity is a cause of major concern because of its propensity to result in significant perioperative morbidity and mortality. This is often attributed to the presence of associated medical problems namely diabetes mellitus, chronic kidney disease, cardiac co-morbidities (congestive heart failure, arrhythmia, myocardial infarction), hypertension, pneumonia, sepsis, and cerebrovascular disease [3,6]. A retrospective review of 959 major amputations reported a cardiac complication rate of 10.2 percent. Complications included heart failure (4.2 percent), arrhythmias (2.6 percent), and myocardial infarction (3.4 percent) [3]. Operative mortality rate is even higher in AKA patients as compared to BKA patients [2-5]. Therefore, in order to limit the complications and to prevent untoward outcomes, the constitution of preventive strategies is important to reduce the morbidity and mortality associated with the surgical procedure.


      Regional anesthesia (RA) in the form of neuraxial blocks, namely spinal and epidural anesthesia, are too often the preferred choice for AKA. Based on the meta-analysis done by Rodgers, et al., which included 141 trials covering 9559 patients, neuraxial block reduces peri-operative mortality by about one third [11]. Compared to general anesthesia (GA), regional anesthesia results in a lower incidence of deep vein thrombosis, pulmonary embolism, blood loss, pneumonia, respiratory depression, myocardial infarction, and renal failure [11,12]. RA allows the patient to be awake during the procedure reducing the incidence of postoperative confusion [13]. Furthermore, it can suppress the stress response to surgery during periods of intense stimulation, such as during intubation and extubation, avoiding fluctuations in blood pressure preventing perioperative complications [14].


      Despite the advantages of neuraxial block, this technique can cause profound hypotension secondary to sympathetic blockade and autonomic neuropathy in a diabetic patient, which may further aggravate the co-existing coronary, cerebrovascular, and renal problems [15]. Considering all the mentioned complications, PNB, which is another form of RA, was the preferred type of anesthetic that was conducted for the patient. PNB is a useful, safe, and effective technique for lower limb amputation in older and diabetic patients with poor general conditions who are classified as high-risk [16,17]. These blocks result in a lower incidence of intra-operative hypotension and post-operative admission to the ICU as compared to GA or neuraxial block [16,18,19]. Inaddition, PNB minimizes blood loss, decreases post-operative opioid requirements, inhibits nausea and vomiting, prohibits urinary retention, prevents spinal headache, and offers excellent post-operative analgesia [20,21]. However, since the performance of a successful PNB requires training, experience and adequate skill, it remains under-utilized [22].


      For this case, the PNBs that have been utilized were lumbar plexus and parasacral sciatic nerve block which are the recommended blocks for such types of surgeries [22-24]. A clear understanding of the anatomy of the nerve innervation of the lower limb and the technical aspects in the performance of PNB is of utmost importance to attain success. The nerve supply of the lower limb is derived from the lumbar plexus (LP) and the sacral plexus (SP). In order to provide a satisfactory unilateral anesthesia in the lower extremity, both of these two plexuses should be blocked.


      The LP includes the ventral divisions from L1-4. The main nerves that have to be considered when performing a LP block are the femoral, lateral femoral cutaneous and the obturator nerves, which are derived from the roots of L2-L4. They are the nerves that provide muscular and cutaneous branches to the anterior, lateral, and medial portion of the thigh [9,21]. All of these nerves are embedded in an anatomical space in the psoas major muscle called the psoas compartment [25]. Thus, the most consistent approach for the entire LP to be blocked with a single injection is through the posterior approach LP block, which is also known as the Psoas compartment block [26]. Karmakar described a technique of ultrasound-guided LP block that was successfully used in conjunction with PSNB for anesthesia in a series of patients undergoing emergency lower limb surgery [27]. A few years later, Sauter introduced the Shamrock technique as a new LP approach where ultrasound scanning which is performed at the patient's flank in a transverse plane gives an improved view of the lumbar plexus and the surrounding anatomy [28].


      On the other hand, the sacral plexus are derived from the L4 through S3 nerve roots. The branches that are relevant for anesthesia of the lower extremity are the sciatic nerve and the posterior femoral cutaneous nerve of the thigh. These nerves provide motor and sensory innervations to the posterior thigh respectively. Compared with other more distal approaches to the sciatic nerve, the PSNB technique consistently anesthetizes both of the two branches [26,29]. This block provides excellent surgical anesthesia and is coupled with a high success rate [30-32]. Thus, LP block combined with PSNB provides complete anesthesia of the ipsilateral lower limb which is effective for above knee amputation [7,17,21,26,27,33,34].


      At present, ultrasound guidance is the most widely used nerve localization technique of choice for PNB [35]. Its popularity is attributed to its ability to provide direct visualization of the needle, the nerves, and the spread of the local anesthetic [36-38]. The use of ultrasound in lower extremity blocks had shown to decrease the block performance time, shorten the block onset, prevent inadvertent vascular puncture and multiple needle passes and it can improve the success rate [26,36-38]. Moreover, since there is improved accuracy in the placement of the local anesthetic relative to the nerve structures, lower volumes are needed to achieve a successful block which would help in preventing local anesthetic systemic toxicity (LAST) [36,38].


      For our patient, the landmark based approach with the guidance of the nerve stimulator was conducted since the ultrasound machine at the hospital during the time this block was carried out was not working. In the past, nerve stimulation was considered as the standard tool for anesthesiologists to locate the nerve structures for peripheral nerve blocks. This instrument which was introduced by Perthes in 1912 [39] provided an objective means for identifying needle-nerve proximity which was an integral step towards transforming regional anesthesia into "science" [40].


      In comparison to the ultrasound guided technique, neurostimulation relies on anatomical surface landmark identification and physiological responses of neural structure to electrical stimulation which can be highly influenced by injectates and physiologic solutions limiting its functions and reducing its level of efficacy [40]. Although ultrasound has become the main tool in the performance of RA techniques, anesthesiologists nevertheless must be adequately trained in nerve stimulator guided RA [41].


      Complications secondary to LP block have been reported, which include total spinal anesthesia [42], epidural spread of the local anesthetic [43], retroperitoneal hematoma [44], renal subcapsular hematoma [45], and inadvertent intravascular injection of cardiotoxic local anaesthetics [46]. These issues, combined with unfamiliarity with the technique, could be reasons for reluctance in the use of the LP block leading to its underutilization. These complications however can be prevented with adequate knowledge of anatomy, avoidance of high injection pressure, slow fractionated injection of local anesthetic and frequent aspiration prior to injection to ensure that no blood is drawn during the performance of the block while epinephrine should be incorporated as an intravascular marker [26,39,47]. Most importantly, vigilance should always be maintained. On the other hand, PSNB may cause paresthesia, pain at the injection site as well as LAST [48].


      Despite its usefulness, combined LP and PSNB have several disadvantages. Compared to neuraxial block, it is also technically more difficult to perform. Furthermore, a larger volume of local anesthetic is required to anesthetize the entire lower extremity predisposing patients to a greater risk of local anesthetic toxicity. The study of Vanterpool showed that large doses of local anesthetic can be used safely for LP block either alone or when combined with sciatic nerve block for the maximum plasma concentration they obtained is below the threshold for toxicity [49]. They also recommended that the dose should be adjusted in patients with co-morbidities. In the same manner, Simon, et al. demonstrated that high doses of Mepivacaine for combined LP and sciatic nerve block displayed a low plasma concentration but they suggested that the addition of epinephrine to the local anesthetic solution considerably lowered the plasma concentration [50]. Since a rapid rise in plasma concentration after injection appears to occur when the two blocks were combined [49], a slow, gentle injection must be practiced since a forceful, rapid injection of the local anesthetic may carry a much higher probably of LAST [2].


      With the numerous co-morbidities of our patient, Levobupivacaine (Chirocaine), the pure S enantiomer of racemic Bupivacaine which is less cardiotoxic and neurotoxic, was the local anesthetic that was injected to the patient for both blocks [51,52]. To further prevent local anesthetic toxicity, the concentration of Levobupivacaine was decreased to 0.375% which is still adequate for surgical anesthesia [33].


      Conclusion


      In summary, combined lumbar plexus and parasacral sciatic nerve block is an effective technique that can be utilized when confronted with a high-risk patient for above knee amputation. This case report also shows that nerve stimulator guided peripheral nerve blocks can be safely and successfully performed for such type of a procedure. Despite the significant benefits of ultrasound over nerve stimulation, trainees must not abandon and should remain experts in neurostimulation.


      In situations where the performance of peripheral nerve blocks is vital to the life of the patient and the ultrasound machine is not available, the well rounded regional anesthesiologists will still be able to execute with confidence the desired nerve blocks with the use of the nerve stimulator.


      
        Figure 1: Lumbar plexus block. View Figure 1

      


      
        Figure 2: Lumbar plexus block (axial view). Line is drawn 4 cm from the L4 spinous process. The needle is inserted perpendicularly to the skin after which it is redirected cephalad after contacting the transverse process. Copyright 2009, Anita Impagliazzo [20]. View Figure 2

      


      
        Figure 3: Parasacral nerve block of Mansour. The injection site is 6 cm from the posterior superior iliac spine. (a) Injection site; (b) Ischial tuberosity. View Figure 3

      


      
        Figure 4: Patient after the above knee amputation. View Figure 4
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