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Observational Study
Bilateral pericapsular end nerve blocks for steroid-induced avascular necrosis following COVID-19 infection requiring bilateral total hip replacement
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Abstract
BACKGROUND
Osteonecrosis or avascular necrosis (AVN) of the hip was one of the dreaded complications of coronavirus disease 2019 (COVID-19), which emerged in patients who received steroid therapy. Corticosteroids have been a mainstay in the treatment protocol of COVID-19 patients. Popular corticosteroid drugs used in patients suffering from COVID-19 were intravenous (IV) or oral dexamethasone, methylprednisolone or hydrocortisone. The use of such high doses of corticosteroids has shown very positive results and has been lifesaving in many cases. Still, long-term consequences were drug-induced diabetes, osteoporosis, Cushing syndrome, muscle wasting, peripheral fat mobilization, AVN, hirsutism, sleep disturbances and poor wound healing. A significant number of young patients were admitted for bilateral total hip replacements (THR) secondary to AVN following steroid use for COVID-19 treatment. 

AIM
To assess the efficacy of bilateral pericapsular end nerve group (PENG) blocks in patients posted for bilateral THR post-steroid therapy after COVID-19 infection and assess the time taken to first ambulate after surgery.

METHODS
This prospective observational study was conducted between January 2023 and August 2023 at Care Hospitals, Hyderabad, India. Twenty young patients 30-35 years of age who underwent bilateral THR were studied after due consent over 8 months. All the patients received spinal anaesthesia for surgery and bilateral PENG blocks for postoperative analgesia.

RESULTS
The duration of surgery was 2.5 h on average. Seventeen out of twenty patients (85%) had a Visual Analog Score (VAS) of less than 2 and did not require any supplementation. One patient was removed from the study, as he required re-exploration. The remaining two patients had a VAS of more than 8 and received IV morphine post-operatively as a rescue analgesic drug. Fifteen out of seventeen patients (88.2%) could be mobilized 12 h after the procedure.

CONCLUSION
Osteonecrosis or AVN of the hip was one of the dreaded complications of COVID-19, which surfaced in patients who received steroid therapy requiring surgical intervention. Bilateral PENG block is an effective technique to provide post-operative analgesia resulting in early mobilization and enhanced recovery after surgery 
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Core Tip: Avascular necrosis (AVN) of the hip was one of the dreaded complications of coronavirus disease 2019 (COVID-19), which emerged in patients who received steroid therapy. Corticosteroids have been a mainstay in the COVID-19 treatment protocol. High doses of corticosteroids have shown positive results and have been lifesaving in many cases. Still, long-term consequences were AVN of the hip, which unfortunately affected young individuals. These patients were posted for bilateral hip replacement surgeries. Our study aimed to study the dynamics of pericapsular end nerve block to provide adequate analgesia to these patients for enhanced postoperative recovery and discharge. While epidural analgesia is the gold standard technique, it has several complications like hypotension, motor blockade and urinary retention.


INTRODUCTION
Avascular necrosis (AVN) is known by various synonyms such as aseptic necrosis of bone, ischemic bone necrosis, osteonecrosis, and osteochondritis desiccants[1]. It is defined as the cellular death of bone components due to the interruption of blood supply to the bone[1]. Compromised blood supply results in collapse, pain, loss of joint function, long-term joint damage, and alteration in bone architecture[2-4]. AVN usually involves the epiphysis (end part of a long bone), such as the femoral and humeral heads and the femoral condyles, but small bones can also be affected. Clinically, most AVN cases are encountered in the hip. AVN can be most commonly due to trauma, which directly disrupts the blood supply. Non-traumatic causes include the use of glucocorticoids, alcohol intake, haematological diseases, metabolic diseases, pregnancy, chronic renal failure, and the use of intravenous (IV) bisphosphonates[5]. AVN of the hip was one of the dreaded complications of coronavirus disease 2019 (COVID-19), which emerged in patients who received steroid therapy. The use of high doses of corticosteroids had shown very positive results and had been lifesaving in many cases, but long-term consequences were drug-induced diabetes, osteoporosis, Cushing syndrome, muscle wasting, peripheral fat mobilization, AVN, hirsutism, sleep disturbances and poor wound healing[6]. Popular corticosteroid drugs used in COVID-19 patients were dexamethasone, methylprednisolone and hydrocortisone with IV or oral administration[7,8]. Management of AVN varies depending upon the patient's age, occupation, stage of AVN and previous treatment received. Surgical treatment during the early stages of AVN includes core decompression, bone grafting, valgus osteotomy, and tantalum rod. Total hip arthroplasty (THR) can be considered in later stages of surgical correction. THR is performed under spinal anaesthesia with numerous regional anaesthesia techniques to alleviate pre-operative and post-operative pain[9]. Femoral nerve block, fascia iliaca plane block, and femoral 3 in 1 block are the options for reducing post-operative pain. However, these blocks also cause motor blockades that can delay mobilization postoperatively[10]. Recent anatomical studies have shown that the anterior hip capsule is supplied by articular branches of both the femoral and obturator nerves, which these techniques may not optimally block. Pericapsular end nerve group (PENG) block is a novel regional anaesthesia technique, which helps to reduce post-operative pain as well as its motor-sparing block[11]. PENG block was first described by Girón-Arango et al[12] in 2018, as a plane block, which involves a single injection of a high volume of local anaesthetic, injected into the musculofascial plane between the psoas tendon anteriorly and the pubic ramus posteriorly. It provides perioperative analgesia in hip fracture patients by blocking the articular branches of the hip: the accessory obturator nerve, obturator nerve, and femoral nerve[12,13].

MATERIALS AND METHODS
Study subjects 
This prospective observational study was conducted in Department of Anaesthesiology at Care Hospital, Hyderabad. American Society of Anaesthesiology (ASA) grade I & II patients with a history of steroid use secondary to COVID-19 infection resulting in avascular necrosis requiring bilateral hip replacement were studied over 8 months. Inclusion criteria: (1) Either sex; (2) Patients between the ages of 30-35 years; (3) ASA grade I or II; (4) Bilateral total hip replacement (THR); and (5) Patients who are hemodynamically stable with all routine investigations within normal limit. Exclusion criteria: (1) Patients below 30 years and over 35 years of age; (2) Unilateral THR; (3) Patients with a pre-existing nerve deficit; (4) Patients with pre-existing peripheral neuropathy; (5) Patients with contraindication to peripheral nerve block (e.g., local anaesthetic allergy, coagulopathy, or infection at the block site); and (6) ASA III or IV patients.

Study methods
After Institutional Ethics and Scientific Committee approval, 20 patients of either sex undergoing bilateral THR under spinal anaesthesia were enrolled on our study. Patients aged 30-35 and the ASA physical status I or II were randomly selected. After admission, a thorough pre-anaesthetic check-up was done, including a detailed history, physical and systemic examination, and relevant investigations. Patients were explained about the plan of anaesthesia and analgesia. Written and informed consent was taken from all the patients. The pre-operative Visual Analog Score (VAS) was assessed and noted.
On the day of surgery, after shifting the patient to the operation theatre, standard ASA monitors like pulse oximeter, electrocardiogram and non-invasive blood pressure were connected. Intravenous access was secured, and IV fluids were started. The patient was then seated, and spinal anaesthesia was performed at L3-L4 intervertebral space with a 27-gauge Whitacre needle using 0.5% Bupivacaine (heavy).
After checking the adequate anaesthesia level, B/L PENG blocks were given. A curvilinear low-frequency (2-5 MHz) ultrasound probe was used to identify the landmarks. The probe was placed caudal and medial to ASIS in a transverse orientation. The anteroinferior iliac spine, the iliopubic eminence, the psoas tendon and the femoral artery were identified (Figures 1 and 2). A 21-gauge 100-mm stimuplex needle was inserted using an in-plane lateral-to-medial approach. The needle was advanced between the psoas tendon and iliopubic eminence, and 20 mL of 0.2% ropivacaine was deposited after negative aspiration for blood (Figure 3). The local anaesthetic spread was observed. The block was repeated on the other side. The average duration of surgery was two and a half hours using a mini-posterior approach for THR (Figure 4).
After the surgery, patients were shifted to the post-surgical care unit. VAS score was assessed after 6 h, 12 h and 24 h. IV morphine 3 mg was administered as rescue analgesia if the patient complained of pain.

Statistical analysis
The statistics described were used to assess the efficacy of bilateral PENG block in patients posted for bilateral THR post-steroid therapy after COVID-19 infection. Quantitative variables are represented in terms of mean and standard deviation; qualitative variables are presented using count and percentages. The statistical analysis was performed in R software version 4.3.1. A paired t-test was used to compare the mean VAS scores.

[bookmark: OLE_LINK8130][bookmark: OLE_LINK8131]RESULTS
This study enrolled 20 patients of either sex who were posted for bilateral THR. A total of 11 male and 9 female patients participated in the study over 8 months. Three patients (two males and one female) were excluded (Table 1).
Pre-operative mean VAS score of these patients was 6.412. After completion of surgery at 30 min, the mean VAS score was 0.471. This low pain score and significant motor block may be attributed to residual effect of the subarachnoid block. VAS score was assessed again 6 h after surgery. Among 20 patients, 17 had no/minimal pain with a mean VAS score of 0.824. Two patients complained of pain 2 h after surgery under spinal anaesthesia with PENG block and required rescue analgesia; they were excluded from the study. The VAS score was 1.765 12 h after surgery and all 17 patients were comfortable. The VAS score of 3.353 suggested significant pain 24 h after surgery (Table 2). All 15 patients were comfortable and could be mobilized after 12 h.
A paired t-test was employed to compare the mean VAS scores preoperatively and postoperatively at 12 h and 24 h. The results revealed a significant difference between the mean VAS scores at these time points, with a P value less than 0.001.
The above suggests that there was a significant pain reduction in patients administered PENG block at 6 h and 12 h after bilateral THR. While comparing 12 h and 24 h timepoints, the mean VAS score suggests significant pain after 24 h as the drug given during PENG block gets metabolized.

DISCUSSION
Sub-arachnoid block is preferred for THR as it shortens the length of hospital stay and reduces post-operative nausea and vomiting (PONV), blood loss and pulmonary complications compared to general anaesthesia[14]. Determining the ideal nerve or fascial plane block for post-operative pain relief is difficult in patients with THR, given its complex innervation. Although the placement of an epidural catheter for bilateral THR is the gold standard, it is associated with side effects like urinary retention and motor block, which may outweigh the beneficial effects[15].
Femoral nerve block, fascia iliaca plane block and femoral 3 1 block are the other blocks that can reduce post-operative pain after bilateral THR.
A femoral nerve block is a simple, superficial, easy-to-perform block that can be given bilaterally. Despite the above advantages, it may result in inadequate pain relief[10] and quadriceps weakness, which can interfere with patient mobilization, predisposing them to deep vein thrombosis. The fascia iliaca compartment block also provides good post-operative analgesia for THR[16]. In a study by Kamal Bansal and team, the suprainguinal fascia iliaca compartment block is superior to the infrainguinal fascia iliaca compartment block[17]. Significant motor blockage was observed with both these blocks, which can delay mobilization and ineffective/ partially adequate analgesia[18,19]. Thybo et al[20] reported no additional analgesia when lateral femoral cutaneous nerve block was given along with a basic analgesic regimen. Huda et al[21] stated in their meta-analysis that quadratus lumborum block (QLB) provides good pain control post-THR surgery and reduces PONV. Limitations in their study were the use of different drugs, dose of local anaesthetics and approaches of QLB[21]. A study by Tayfun et al[22] suggested that the PENG block and QLB were equally effective in reducing post-operative pain after THR surgery, but the PENG block was more motor-protective. Only the articular branches of femoral and obturator nerves are blocked in the PENG block without significantly reducing muscle strength. This motor sparing is consistent with the previous study by Lin et al[24]. Preserving muscle strength makes early ambulation possible, leading to enhanced patient recovery[24-27]. PENG block also provides adequate analgesia for pre-operative analgesia in the emergency room, patient positioning during spinal block and post-operative analgesia for hip surgeries[28,29]. Kukreja et al[30] suggested that the PENG block and multimodal analgesia improve the recovery score. In this study, we chose PENG to block post-operative analgesia for THR in case of AVN. In contrast to the survey done by Aygun et al[29], who performed PENG block before the neuraxial blockade, we performed PENG post-neuraxial block. We observed that VAS scores were significantly lower 30 min post-surgery. This can be attributed to the spinal effect. Pain scores continued to be lower at 6 h and 12 h post-surgery. Two patients had a VAS score of 8 at 30 min, so they have been excluded from the study. One patient was re-explored for surgical reasons and was excluded from our study. A total of 17 patients were studied, among which 15 could mobilize with a VAS score less than 2 at an average of the 13th hour. The remaining two patients were uncooperative. Therefore, we conclude that pericapsular end nerve block is promising for adequate pain relief without major side effects. Comparative and extensive trial studies are required for further validation.

CONCLUSION
Osteonecrosis or AVN of the hip was one of the dreaded complications of COVID-19, which surfaced in patients who received steroid therapy requiring surgical intervention. Bilateral PENG Block is an effective technique to provide post-operative analgesia resulting in early mobilization and enhanced recovery after surgery. 

ARTICLE HIGHLIGHTS
Research background
Avascular necrosis of the hip emerged as a significant complication of steroid use during coronavirus disease 2019 (COVID-19) treatment requiring surgical intervention in the form of bilateral total hip replacements (THR). Pericapsular end nerve block (PENG) has been reported to provide good analgesia after THR. The study aimed to study the efficacy of the block and also add to the present limited knowledge.

Research motivation
The main motivation behind the study was to find an efficient and safe technique to provide analgesia to patients who have undergone bilateral THR surgery. Adequate analgesia will aid in early mobilization, prevent bed sores and deep vein thrombosis, which are important aspects of enhanced recovery after surgery.

Research objectives
The main objective was to evaluate the efficacy of PENG block in patients who underwent bilateral THR. We were able to conclude that the pain scores in patients were significantly low in patients who received PENG block. However, larger comparative studies are required to validate the use of this block.

Research methods
Statistical analysis was performed in R software version 4.3.1. A paired t-test was employed to compare the mean Visual Analog Score (VAS).

Research results
A total of 17 patients were eligible for the study. The mean VAS score was 6.4 pre-operatively and 1.7 12 h after the procedure (P < 0.001). Two patients complained of pain after the PENG block and were therefore excluded from the study. All 15 patients were comfortable and could be mobilized 12 h after surgery.

Research conclusions
This study proposes the use of PENG block for effective analgesia after total hip replacement.

Research perspectives
This is a small study done on patients requiring total hip replacement following steroid use for COVID-19 treatment. We recommend further large comparative studies to test the efficacy of this block.
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Figure Legends
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Figure 1 Pericapsular nerve group block. AIIS: Anteroinferior iliac spine; FA: Femoral artery; IPE: Iliopubic eminence; IPT: Iliopsoas tendon; SP: Symphysis pubis.
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Figure 2 Colour Doppler showing femoral artery during pericapsular end nerve group block.
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Figure 3 Image with needle placement during pericapsular end nerve group block In-plane approach. AIIS: Anteroinferior iliac spine; FA: Femoral artery; IPE: Iliopubic eminence; IPT: Iliopsoas tendon; SP: Symphysis pubis.
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Figure 4 Image of the incision, mini-posterior approach for total hip replacement.

Table 1 Distribution of sex in this study
	Number of patients 
	 Female, n (%)
	Male, n (%)
	Age in yr, mean ± SD

	17
	8 (47.1%)
	9 (52.9%)
	32.647 ± 1.618



Table 2 Visual Analog Score
	VAS
	mean ± SD
	Mean difference
	95%CI
	P value

	Mean VAS preoperative 
	6.412 ± 0.870
	4.67
	4.0457-5.2483
	< 0.001a0011

	Mean VAS at 12 h
	1.765 ± 0.752
	1.59
	1.0721-2.1042
	< 0.001b0012

	Mean VAS at 24 h
	3.353 ± 1.169
	3.06
	2.2165-3.9011
	< 0.001c0013


aCompared 1Compared with mean Visual Analog Score (VAS) at 12 h; 
bCompared 2Compared with mean VAS at 24 h; 
cCompared 3Compared with mean VAS preoperative.
VAS: Visual Analog Score.
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