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Lower limb surgery is usually performed under general or regional anaesthesia in normal operating room setting. However, when the surgery need to be performed in situations where there are limited resources and equipment, especially during a pandemic outbreak, in battlefields or area of disaster occurrence, the wide-awake local anaesthesia no tourniquet (WALANT) surgery can be utilised. This study aims to assess the efficacy of performing lower limb surgery using WALANT technique. A randomised cross-sectional study was designed to assess the effectiveness of WALANT in lower limb surgery, particularly in terms of duration of anaesthesia, Hamilton Anxiety Rating Scale (HAM-A), pain visual analogue scale (VAS), duration of surgery, amount of estimated blood loss (EBL) and total length of stay (LOS). A total of 91 patients requiring lower limb surgery were recruited, with only 83 patients completed the VAS pain assessment for all time points of the study. Mean age of patients was 52.1 ± 14.9 years. Mean VAS score were 1.19 ± 1.53 and 1.46 ± 1.86, preoperatively and intraoperatively. Mean VAS score were 0.55 ± 1.52, 0.60 ± 1.41, and 1.06 ± 1.69 at 2, 4, and 6 h post-surgery, respectively. Majority (79; 86.8%) of patient has preoperative anxiety score that was <17. Mean surgery duration was 65.28 ± 39.02 min, mean EBL was 91.34 ± 78.94 cc, whereas mean LOS was 3.35 ± 1.16 days. EBL was a weak predictor of postoperative pain. In conclusion, WALANT technique for lower limb surgery is effective and safe.
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Introduction

Lower limb surgery is commonly done in general orthopaedic setting following various trauma or morbidities such as motor vehicle accident, assaults, fall, foot deformity and others. It is usually performed under general or regional anaesthesia. Apart from the inherent risks and costs associated with these anaesthetic techniques (1), it is usually difficult to perform these types of surgeries when there are limited resources and equipment available, especially during a pandemic outbreak such as COVID-19 where there is a shift of hospital resources to focus on pandemic management. Therefore, an alternative approach should be explored to improve these limitations. One of the surgical approaches which could improve the healthcare service is the wide-awake local anaesthesia no tourniquet (WALANT) surgery. WALANT refers to a type of surgery which involves surgeon-administered mixture of local anaesthetic for pain control and epinephrine for hemostasis and improved anaesthetic effect. Since no tourniquet, sedation or general anaesthesia are used for the surgery, the patient remains fully awake throughout the entire surgical procedure (2).

WALANT has been used in hand surgeries (3, 4) as well as procedures involving foot and ankle (1, 2). This anaesthetic technique has fewer risks and side effects compared to conventional sedation or general anaesthesia technique. For example, preoperative testing is often unnecessary and no anaesthetic staff or equipment are required. Since there is limited equipment needed, the technique can be used for ambulatory clinic where surgeries can be performed in any places. This is beneficial in certain settings such as in the battlefield and areas where disaster occurs. Besides, surgeon can communicate with the sober and coherent patient throughout perioperative period, providing the patient with greater insight into both the procedure and the recovery process (1).

Despite the benefits, the patient’s comfort and well-being have been the main concern for surgeons given the nature of WALANT surgery. As such, several studies had been done to assess patient experience with WALANT technique and the results were rather encouraging. For example, in a 2014 trial for WALANT in the lower limb surgery setting which involved the forefoot, hind foot and lower leg, the patients were assessed for their level of anxiety, pain and satisfaction intraoperatively. Results from the trial showed that peri- and post-operative pain and anxiety were significantly improved in patients who underwent WALANT surgery compared to the general anaesthesia group (1). Another different survey reported that the patients would choose WALANT technique if another operation was necessary and they would recommend the technique to a friend (5).

Although WALANT surgery is widely used in other countries, it is still uncommon in Malaysia. Since there is no available data published for WALANT lower limb surgery in the country, this study aims to assess the efficacy of performing lower limb surgeries (from knee region and distally) using the WALANT technique. The efficacy of the technique is assessed by studying the effectiveness of WALANT anaesthesia over the surgery, duration of action of the anaesthesia, duration of surgery performed, amount of estimated blood loss (EBL) during the surgery as well as the total length of stay (LOS) at the hospital after the surgery for the patients. This study would be the pioneer project in Malaysia and would contribute further in the emerging WALANT technique, especially in lower limb surgery.



Methods


Study design

This is a randomised cross-sectional study performed during the period of July 2020 to June 2021 in the General Operation Theatre (GOT), Emergency Department Operation Theatre (EDOT) of Daycare of Hospital Canselor Tuanku Mukhriz (HCTM), Pusat Perubatan Universiti Kebangsaan Malaysia (PPUKM). The study conformed to the Declaration of Helsinki and followed International Conference on Harmonization (ICH) – Good Clinical Practice (GCP) guidelines. Assessment of efficacy on WALANT surgery would be based on all subjects who completed the study.



Patient selection

Patients with lower limb surgeries, from knee and distally, who agreed to use the WALANT method, were included in the study. Patients with peripheral vascular disease (ankle brachial systolic index, ABSI <0.9 and >1.2), poorly controlled diabetes mellitus, ischaemic heart disease, polytrauma, injuries involving femur or above knee level were excluded from the study. Patients with lower limb infections or who had surgeries involving intramedullary devise such as nailing were also excluded. Besides, psychiatry patients like those with anxiety were also excluded from the study. Informed consent was obtained from all the patients before participating in the study.



Preparation and administration of WALANT solution

The WALANT solution consisted of 50 ml of lignocaine (1%) with 1:100,000 epinephrine. It was prepared by using 50 ml of normal saline (0.9%) and 50 ml of lignocaine (2%). 1:100,000 epinephrine was prepared by mixing 100 ml of the prepared solution with 1 ml of 1:1,000 epinephrine.

The toxicity of lignocaine is 7 mg/kg (6). Therefore, the maximum amount of WALANT solution to be administered in a patient had to be calculated based on the patient’s weight. For example, a patient weighs 70 kg can tolerate 490 mg of lignocaine (1%) (70 kg × 7 mg/kg). Since 1 ml of WALANT solution consisted of 10 mg of lignocaine (1%) with 1:100,000 epinephrine, the maximum amount of WALANT solution to be administered in the patient is 49 ml.

10 ml of sodium bicarbonate (8.4%) was added along with the WALANT solution to reduce pain during administration before the lower limb surgery begun. The solution was injected subdermally in perpendicular direction into area of surgery.

Other drugs such as phentolamine, terbutaline or phenoxybenzamine, which can reverse epinephrine vasoconstriction in human digits; and intraipid 20% solution, which can reverse lignocaine toxicity, should be prepared in the emergency trolley in case of any complication occur.



Data collection and analysis

Various data including patients’ demographics, Hamilton Anxiety Rating Scale (HAM-A), pain visual analogue scale (VAS), duration of surgery in minutes, EBL during the surgery in cubic centimeters (cc) and total LOS in hospital (days) were recorded. The data were analysed using the Rasch Measurement Analysis Software version 4.4.5. Level of significance was set at p < 0.05 for every analysis. Figure 1 shows the flow chart of the study.
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FIGURE 1
Study flow chart.





Results


Patient demographics

A total of 91 (34 males and 57 females) patients requiring lower limb surgery were recruited in this study. Only 83 (32 males and 51 females) patients completed the VAS pain assessment for all time points of the study with a mean age of 52.1 ± 14.9 years (Figure 1). Race distribution for these patients were 56 (67.5%) Malay, 12 (14.5%) Chinese, 9 (10.8%) Indian, and 6 (7.2%) other races (Figure 2).
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FIGURE 2
Percentage of patient (%) according to ethnicity.


Out of the total 83 patients, 14.5% (12) patients required surgical implant, 43.4% (36) patients required surgical debridement of the wound, 50.6% (42) patients required soft tissue surgery, 13.3% (11) patients required bony tissue procedure and 18.1% (15) patients required removal of implant (Figure 3). In terms of comorbidities, 50.6% (42) patients had hypertension, 53.0% (44) patients had diabetes mellitus, 16.9% (14) patients had dyslipidemia, 8.4% (7) had ischemic heart disease, and 2.4% (2) had bronchial asthma (Figure 4). Additionally, the mean fasting blood sugar (FBS) and ABSI among the patients were known to be 7.5 ± 2.2 and 1.1 ± 0.2, respectively.
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FIGURE 3
Percentage of patient (%) according to surgery type.
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FIGURE 4
Percentage of patient (%) according to comorbidity.




Pain assessment Pre-, intra- and post-surgery

Pain level was assessed before, during, and after WALANT surgery with VAS. The mean VAS score pre-surgery was 1.19 ± 1.53. Reasonably, pain was greater during surgery but remains at low level with the intra-surgery VAS score of 1.46 ± 1.86. The observed low level of pain was maintained after surgery with VAS score of 0.55 ± 1.52, 0.60 ± 1.41, and 1.06 ± 1.69 at 2, 4, and 6 h post-surgery, respectively. No statistically significant difference between the time points were observed.



Pre-surgical anxiety scale, duration of surgery, blood loss and length of stay at hospital

Other surgical outcome parameters measured to evaluate the effectiveness of WALANT surgery include preoperative anxiety, duration of surgery, blood loss, and LOS at hospital. Majority of 91.6% (76) of the patients scored less than 17 on the HAM-A scale depicting an overall low anxiety before the WALANT surgery. The mean time for the WALANT surgery from the incision to the wound closure was 65.28 ± 39.02 min. The mean estimated blood loss following WALANT surgery was 91.34 ± 78.94 cc. Finally, the mean LOS following WALANT surgery was 3.35 ± 1.16 days.



Predictors of post-surgical pain

Linear regression analysis was performed to determine the independent predictors associated with pain after 6 h of WALANT surgery. Table 1 describes the association of each risk factor to the surgical pain outcome. Estimated blood loss was found to be correlated with the surgical pain outcome (p < 0.05). However, the multivariate regression analysis revealed that blood loss is not a strong predictor of surgical pain.


TABLE 1 Correlation between risk factors and post-surgical pain.
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Discussion

Wide local anasthesia no torniquet technique has been extensively incorporated in upper limb surgery with a number of studies being published especially in the last decade. Compared to that, the usage of WALANT in lower limb operation requires more studies particularly in Malaysia. The surge of COVID-19 infection seems to be timely for the evaluation of WALANT effectiveness in lower limb surgeries due to the shift of resources towards pandemic management.

In various hand surgeries that applied WALANT technique (6–8), it was found that WALANT provides numerous practical benefits as compared to conventional anaesthesia techniques. It is with confidence stemming from the success of these surgeries that this study is conducted to look for equivalent advantages in lower limb operations.

In this study, the results showed a higher intra-surgery pain VAS score of 1.46 ± 1.86 than that of pre-surgery (1.19 ± 1.53). These scores, however, contradict with a previous WALANT study on foot and ankle surgery by MacNeill and Mayich, which reported a lower intra-surgery pain score of 0.75 ± 0.85 compared to preoperative score of 5.00 ± 3.11 (1). But, the pain scores remained stable and low before, during and even several hours after the surgery, as opposed to those recorded in MacNeill and Mayich, which was considerably higher before (5.00 ± 3.11) and after (5.21 ± 2.90) the surgery (1). The stable scores were in line with another WALANT study involving forefoot surgery by Wright et al., which also reported fairly stable scores ranging from 1.65 ± 1.99 (preoperative), 0.17 ± 0.32 (intraoperative) to 0.45 ± 1.10 (postoperative) (2).

Several studies have shown low anxiety in patients undergoing different types of lower limb surgeries. For example, Bilgetekin et al. reported a median VAS anxiety (VAS-A) score of 1 for the use of WALANT foot and ankle surgery resulting from medial malleolus fracture, lateral malleolus fracture, Achilles tendon rupture, proximal phalangeal fracture, Lisfranc injury, syndesmotic injury, deltoid ligament injury and fifth metatarsal fracture (7). Another study reported significantly lower anxiety for patients who received WALANT forefoot surgery (3.20 ± 3.02) compared to patients who received general anaesthesia treatment (2.98 ± 3.21). For the group that received WALANT treatment, the anxiety score decreased considerably from pre-surgery period (3.20 ± 3.02) to post-surgery period (0.08 ± 0.34) (2). Consistent with previous studies, results from this study also reported an overall low anxiety (<17 on HAM-A scale) in the patients before WALANT surgery.

An open reduction and internal fixation surgery of ankle fractures using WALANT technique reported a mean operation time of 59.72 ± 7.19 min (8), which is approximately the same as the duration recorded in this current study (65.28 ± 39.02 min). Another similar study involving ankle operation reported a shorter mean surgery duration of 36.6 ± 7 min (7). The shorter operation time may be due to the simplicity of the ankle surgical procedures performed as opposed to the more complicated procedures performed in this study, including soft tissue surgery, surgical debridement of wound, surgical implantation and removal of implant.

The mean EBL recorded in the current study was 91.34 ± 78.94 cc, which is higher compared to the average amount of blood loss recorded (29.40 ± 7.38 ml) in an ankle fracture fixation surgery using the same WALANT technique (8). This is probably due to the majority of patients (50.6%) in this study underwent soft tissue surgery, which may lead to more blood loss compared to procedures involving ankle fracture fixation. Although the mean amount of blood loss recorded in this study is rather high, it is significantly lower when compared to other lower limb surgery using conventional anaesthesia techniques. For example, transtibial amputation using tourniquet was reported to have caused a median intraoperative blood loss of 200 ml (interquartile range = 100–300 ml) and a median total blood loss of 737 ml (interquartile range = 331–1218) from Day 0 to Day 4 after the surgery (9). Even a less complicated surgery like total knee replacement would cause a mean total blood loss of about 1.0–1.5 liter when general anaesthesia with tourniquet is used (10).

The mean LOS following WALANT surgery recorded in this study was 3.35 ± 1.16 days. This value is longer compared to other studies using the similar WALANT technique. For instance, a study indicated that patients who underwent ankle fracture surgery only spent an average LOS of 8.3 ± 6.1 h at the hospital on the day of surgery before they were discharged (7). Another similar study involving forefoot surgery reported a shorter LOS (3.60 ± 1.23 h) at the hospital (2). This, again, may be due to the simplicity of the surgeries performed in the two studies, unlike those complicated ones performed in the current study that may require longer time for the wounds to heal. Nonetheless, the mean LOS for the current study is considerably shorter in comparison with lower extremity amputation using conventional anaesthesia, which may lead to months of hospitalization because of serious postoperative complications.

Meanwhile, the association of independent predictors with postoperative pain was determined through linear regression analysis. Results published by multiple studies indicated that age, gender, comorbidities such as diabetes mellitus (11, 12) and duration of surgery (13) are risk factors for higher incidence of post-surgical pain. However, results from this study showed that age, gender, surgery duration and comorbidities including hypertension, diabetes mellitus, dyslipidemia, ischemic heart disease and bronchial asthma did not correlate with post-surgical pain. Blood sugar level (14) and ABSI (15) were found to be associated with several postoperative complications such as poor wound healing and post-surgical cardiovascular events. But, linear regression analysis did not show any relation between the two variables and postoperative pain. Next, longer hospital stay is often associated with a higher incidence of postoperative complications including pain and delayed wound healing, especially in lower extremity amputation. However, in this study, the p-value from linear regression analysis showed no correlation between LOS and post-surgical pain. Although EBL was the only variable found to be correlated with post-surgical pain, it was not a strong predictor as indicated through multivariate regression analysis. Therefore, it cannot be used as a reliable predictor of postoperative pain in patients undergoing lower limb surgery.

The experiment yields an overall satisfying result in regards to the safety and effectiveness of WALANT technique application in lower limb surgery, as demonstrated by previous studies (16–18). The low and stable pain VAS score, especially hours after the surgery, proves the effectiveness of WALANT anaesthesia solution in pain management during and after the lower limb surgery. Besides, the overall low anxiety score before WALANT surgery also shows that the patients are generally quite tolerant of this type of wide-awake surgery. This enables WALANT surgery to be practised more widely in different lower limb surgical procedures.

Furthermore, the short duration of surgery, low amount of blood loss and LOS in hospital enable WALANT surgery to be carried out in places where there are limited healthcare resources and equipment. Short duration of surgery is an important criterion for the application of WALANT technique in battlefields or area of disaster occurence, where certain surgery needed to perform over a short period of time with limited resources in order to save lives. Next, low amount of blood loss during operation means no or limited blood transfusion is required. This is favourable when surgeries are performed outside of operating rooms without appropriate equipment or resources. Finally, short LOS poses another added advantage for WALANT surgery, especially during times of limited intensive care unit or operating room resources when there is a pandemic like COVID-19. More beds and ventilators can therefore be allocated to patients who are truly in need.

Nonetheless, this study has several limitations. One of which is small sample size. Only 39 patients completed the VAS pain assessment for all time points despite a total of 81 patients recruited in this study. According to the sample size and item calibration or person measure stability of Rasch Model, a minimum of 50 subjects are needed to achieve a 99% confidence interval (CI) in an experiment (19). Hence, it is recommended for the experiment to be conducted on a larger sample size so that a 99% of CI can be achieved on each parameter, thus validating the data. Perhaps, with the increase of sample size and data, predictors of post-surgical pain can be determined. The next limitation is lack of pain and anxiety assessment. Pain assessment should be done during anaesthesia injection and over the period of days after the surgery to allow investigation of the efficacy of WALANT technique over a longer period of time. Anxiety assessment should also be conducted intra- and post-operatively to better monitor the emotional changes in patients.



Conclusion

WALANT technique for lower limb surgery is as effective as for upper limb surgery, as indicated by low and stable pain VAS score, low preoperative anxiety score on HAM-A, short surgery duration, low amount of estimated blood loss and short LOS at hospital. Age, gender, comorbidities (hypertension, diabetes mellitus, dyslipidemia, ischemic heart disease and bronchial asthma), FBS, ABSI, surgery duration and LOS are not predictors of post-surgical pain while EBL is a weak predictor. Further studies with larger sample size and more parameters included should be conducted to evaluate the safety and efficacy of WALANT technique application in lower limb surgery.
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