Outcomes of surgical revascularisation of acute upper limb ischaemia

Outcomes of surgical revascularisation for acute upper limb ischemia- a single-center retrospective analysis

[bookmark: _GoBack]Ayman El-Sayed FRCS1, Navanith Murali MBBS MRes1,2, Angela Lee MBBS1 Ishtiaq Aziz FRCS1, Adel Abdallah MD1, Philip Stather MBChB, MD, FRCS1,2
1 – Department of Vascular Surgery, Norfolk and Norwich University Hospital, Colney Lane, Norwich, NR4 7UY
2 – Norwich Medical School, University of East Anglia
Corresponding author- Navanith Murali 
Email- Navanith.murali@nnuh.nhs.uk 
Address- Norfolk and Norwich University Hospitals NHS Foundation Trust Colney Lane Norwich Norfolk NR4 7UY. 
Contact number- +44 7887389972
Declarations of interest: none.
Contribution of Authors:
Ayman El-Sayed: Conceptualization, Methodology, Writing- Original Draft, Formal analysis Navanith Murali: Formal analysis, Writing- Review & Editing Angela Lee: Visualization Ishtiaq Aziz: , Methodology, Writing- Original Draft, Formal analysis    Adel Abdallah: Methodology, Writing- Original Draft, Formal analysis Philip Stather: conceptualization, methodology, project administration, supervision, Writing- Review & Editing






                       




Abstract
Objectives:
Acute upper limb ischaemia (AULI) is a medical emergency with high perioperative complication rates however these are poorly reported. The aim of this study is to report the complication rates following surgical revascularisation in AULI.
Methods:
[bookmark: _Hlk129857337]Retrospective analysis of all patients undergoing brachial embolectomy for AULI from January 2010 to October 2021 were included. Data for baseline demographic characteristics, site of arterial occlusion, cancer status, and the potential underlying aetiology were included. Outcomes included technical success, early re-intervention, local and systemic complications, functional limb outcome at follow-up, and amputation. 
Results: 
96 patients were identified. CT angiography was the first line diagnostic imaging modality, with the brachial bifurcation as the most common location for obstruction. The initial technical success rate was 76.4% (n=73). Major adverse events occurred in 11.5% patients (n=11); 8.3% had perioperative stroke and 7.3% resulted in in-hospital death (4.2% had both). Local complications occurred in 24%; 7.3% had site haematoma, 11.5% early thrombosis and 4.2% 30 day thrombosis. 2.1% resulted in amputation.  No variables were identified as having significant association with local surgical complications. 
Conclusion:
AULI is often associated with underlying systemic and cardiac disorders. An evidence based approach to guide the non-operative management of AULI is lacking. In appropriately selected patients, Fogarty thrombectomy has a reasonable technical success rate, however the associated perioperative complication rate is high, both locally and systemically. Further studies of larger sample size are needed to identify negative predictors and reduce perioperative complications in this challenging cohort.
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Introduction: 
Acute upper limb ischemia (AULI) represents a medical emergency that requires prompt diagnosis and treatment to preserve the viability of the affected tissue. Thromboembolic disease accounts for around 75% of cases of AULI, with majority of the remainder due to trauma (including iatrogenic trauma). Atrial fibrillation (AF) is the most important single risk factor for upper limb ischemia. Many patients can be managed with non-surgical therapy i.e. anticoagulation. For those who do need an operative intervention, the most commonly employed surgical procedure for revascularisation remains brachial artery embolectomy. Although this is not a technically challenging procedure, which can often be undertaken under local anaesthetic, it does have inherent risks associated with it.
 In a previous single center study, almost all deaths in AULI patients occurred after upper limb embolectomy.[endnoteRef:1] Upper limb embolism may be best regarded as an indicator of overall poor prognosis rather than as a cause of death as such. This is the case in another study where cause of death in AULI patients in the follow-up period were mainly cardiovascular/cerebrovascular.[endnoteRef:2] [1:  Deguara J, Ali T, Modarai B, Burnand KG. Upper Limb Ischemia: 20 Years Experience from a Single Center. Vascular. 2005;13(2):84-91. doi:10.1258/rsmvasc.13.2.84
]  [2:  Licht PB, Balezantis T, Wolff B et al. Long-term outcome following thrombembolectomy in the upper extremity. Eur J Vasc Endovasc Surg. 2004 Nov;28(5):508-12. doi: 10.1016/j.ejvs.2004.08.007. 
] 

There is a paucity of evidence concerning the optimal management of AULI, with no published randomized studies or guidelines in this area. The amputation rates are lower than those for lower limb ischaemia, however it is associated with high perioperative morbidity and mortality and has the potential to result in significant long-term disability[endnoteRef:3].  [3:  Stonebridge PA, Clason AE, Duncan AJ, Nolan B, Jenkins AM, Ruckley CV. Acute ischaemia of the upper limb compared with acute lower limb ischaemia; a 5-year review. Br J Surg. 1989 May;76(5):515-6. doi: 10.1002/bjs.1800760527. ] 

Debate remains concerning whether surgical intervention is mandated in all patients with AULI, particularly in cases where the arm remains ischaemic, but viable. Current ESVS guidelines state that for those with AULI, conservative treatment is not recommended if the limb is threatened, or if limb function is important to quality of life.[endnoteRef:4]4 The aim of this study was to review our surgical outcomes for AULI over a 10-year period, including evaluation of management, reintervention, and complications, as well as identifying any predictors for complications.  [4: 4 Björck M, Earnshaw JJ, Acosta S et al. Editor's Choice - European Society for Vascular Surgery (ESVS) 2020 Clinical Practice Guidelines on the Management of Acute Limb Ischaemia. Eur J Vasc Endovasc Surg. 2020 Feb;59(2):173-218. doi: 10.1016/j.ejvs.2019.09.006. 
] 

Methods 
The study was conducted according to STROBE Guidelines.[endnoteRef:5]5 [5: 5 STROBE. https://www.strobe-statement.org/ (Accessed: 01 May 2024).
] 

A retrospective analysis of prospectively collected data from the department of vascular surgery, Norfolk & Norwich University Hospital (NNUH) was undertaken. Only patients undergoing brachial embolectomy from January 2010 to October 2021 were included. This database was validated against a data acquisition from the hospital theatre system (Orsos) to ensure all patients and reintervention data had been captured. 
A standardised template was used to collect demographic data including age, gender, comorbidities (diabetes, hypertension, cardiovascular disease, cerebrovascular event, chronic obstructive pulmonary disease), and the type of anaesthetic used. The underlying aetiology, site of occlusion and any additional ancillary procedures were added. Initial technical success was defined as restoration of the distal pulse. Return to theatre for early thrombosis was documented. Local and systemic perioperative adverse outcomes along with the functional limb status on follow-up, and amputation were collected and added to the analysis as primary and secondary outcome points of interest. 
Study size was determined by the number of participants who underwent the procedure over the 12-year period. All patients with embolic/thrombotic causes of acute upper limb ischaemia undergoing brachial embolectomy were included. Thrombus was defined as locally formed clot within the affected vessel whereas embolus was defined as a clot that had travelled from a distance source. CTA was used to determine this for example existence of underlying atherosclerotic disease.  Rutherford classification was used to grade degree of ischaemia; grades I-IIb were considered for surgery. Grade III was excluded given there has been irreversible damage to the limb. The decision to treat surgically was decided by the responsible consultant, depending on the patient’s comorbidities, patient’s clinical presentation, general functional status, and hand dominance. Decision to operate was also discussed with each affected patient, taking into account their preferences as well.  Those treated conservatively were not included as we were unable to identify those patients. Patients without diagnostic CTA were also excluded from the study as both aetiology and site of occlusion was difficult to determine in such cases.  Information including presence of calcification and aneurysm was extracted from diagnostic CTAs.  
Surgery was undertaken using either a lazy S or transverse antecubital incision controlling the brachial artery proximally and distally followed by transverse arteriotomy and embolectomy both proximally and distally. Both radial and ulnar dissection was carried out if necessary to ensure both arteries were patent wherever possible at the end of the procedure.  Patients were commenced on antithrombotic therapy post-operatively. Choice of therapy was based on clinical preference, as well as if the patient was on existing anticoagulation prior the ischaemic event. This typically involves initial treatment with intravenous heparin followed by long-term direct oral anticoagulant (DOAC) therapy.  Patients were monitored for early thrombosis- if this was suspected, this would be confirmed with either CTA or ultrasound Doppler and some cases taken straight to theatre without diagnostic imaging if there was strong suspicion of re-thrombosis. The choice of imaging or not to image in these cases was dependent on imaging capacity (i.e. which imaging modality would be quicker to achieve/ultrasound department being typically unavailable on weekends) as well as clinician preference. 
Postoperative follow-up and complications were identified through discharge and clinic letters, with returns to theatre identified through Orsos. All patients were discharged on antiplatelet or anticoagulant therapy. Patients had routine follow-up in the outpatient clinic 6-8 weeks post discharge. 
The primary outcome was the rate of perioperative adverse events in terms of stroke, death, and local complications including early return to theatre. Perioperative stroke was defined as a stroke within a 48 hour window either side of embolectomy that also occurred on the same side as the operation.  If a stroke occurred on the same side as operation and within 48 hours, it was deemed likely related to the procedure. Early thrombosis was defined as new thrombosis within the same hospital admission. 30 day thrombosis was defined as new thrombosis within 30 days of hospital discharge.  The secondary outcome was functional limb sequelae, including motor/sensory deficit, claudication, tissue loss on follow-up as well as amputation. Functional status of the limb on follow-up was determined by comparing to the functional status of the limb prior the ischaemic event and operation. This was done during routine clinical assessment at follow-up appointments by clinicians.  
Technical success was defined as restoration of the distal pulse at the end of the index procedure. Clinical success was defined as improvement of symptoms (i.e. returning to baseline function), limb salvage, and good distal tissue perfusion (measured using capillary refill). Functional status included symptoms related to claudication, sensory deficit, and arm weakness. Amputation was defined as either terminalisation, above wrist, or above elbow amputation. Perioperative adverse events included any adverse event that occurred during the same admission either systemic including stroke, death or local including early return to theatre or haematoma.
Binary logistic regression analysis was used to identify significant variables that may as act as predictors in determining local surgical complications (amputation, early and 30-day thrombosis).  We considered the following as variance factors and outcome predictors: cancer status, atrial fibrillation, ischaemic heart disease, diabetes, perioperative stroke, site of occlusion and pulse status at the index procedure. Statistical analysis was undertaken using SPSS VERSION 27.

Results
A total of 96 patients (mean age 73.1 years) underwent brachial embolectomy over the twelve-year study period. 21 patients were lost prior to discharge from vascular services during the follow-up period. 70 patients (72.9%) had the procedure under general anaesthetic, while the remaining 26 patients had either local anaesthetic or regional block. 67 patients were seen in follow-up appointments. 
13.5% had diabetes mellitus, 58.3% hypertension, 27.1% ischaemic heart disease, 22.9% cerebrovascular event and 5.2% had COPD. Over 50% of the patients were not on prior cardiovascular risk reduction therapy of either antiplatelet, anticoagulant or lipid-lowering agent on admission. 28.1% of patients had either known cancer or identification of cancer during the same admission [table 1]. 
CT angiography was the main pre-operative diagnostic modality for most cases, unless eFGR was less than 30 or if the patient had contrast allergy, in which case ultrasound Doppler would be indicated. The left upper limb vasculature was affected in 49% of the studied sample [table 1]. The brachial bifurcation was the most common site of arterial obstruction (46.98%) followed by the distal axillary artery in 17.7%. [table 2].  The most common underlying aetiology was embolic/cardiac origin in 53.1% [table 2]. 
85 patients underwent surgical embolectomy only, with only 3 having a hybrid approach with on table diagnostic angiogram. 11 patients had additional procedures including vein patch and repair of radial artery [table 2]. 
The composite endpoint of perioperative stroke and death was 15.6% [Table 2]. 8 patients had perioperative cerebrovascular stroke. 6 of these patients were confirmed to have stroke post-operatively with CT head imaging and 2 had stroke confirmed just prior to surgery as they were admitted with symptoms of confusion/focal neurological deficit. 1 of the post-operative strokes was unrelated to the procedure as the stroke occurred 4 days later and was attributed to the patient’s active malignant melanoma. 4 of those who suffered a perioperative stroke died shortly after the procedure. An additional 3 patients died perioperatively, related to cardiovascular and respiratory complications (heart failure, myocardial infarction, heart block, SARS-CoV-2 and type II respiratory failure).  Mean length of survival post-op was 6.1 days.
Initial technical success was achieved in 76.4% (73 patients) with further initial clinical success without technical success in 14.6% [table 2].  3 cases reported calcification of vessel/thrombus on diagnostic CTA and 1 reported aneurysmal dilatation of affected vessel. Only 1 of these cases (calcified thrombus) reported early thrombosis, which may be explained by difficulty advancing the Fogarty catheter. 
A total of 11 patients had early thrombosis; 6 had a wrist pulse at the end of the procedure, whereas the remaining 5 achieved clinical success without a wrist pulse. 7 out of the 11 patients had to return to theatre for another attempt of revascularisation, with 2 requiring amputation and the other 5 achieving technical or clinical success on further attempt. The remaining 4 patients did not return to theatre as it was deemed there was not likely to be further benefit of surgical intervention. 2 of these cases symptoms gradually improved with time and reported no functional limb deficit at follow-up, 1 developed some dry gangrene on the index finger which remained at follow up and 1 patient was transferred to another hospital and lost in follow-up.  4 (4.2%) patients were readmitted for thrombosis within 30 days. 3 of the 4 were managed conservatively with anticoagulation whereas 1 needed a further brachial embolectomy. There was no functional limb deficit on follow-up for any of these 4 patients.
A total of 2 patients (2.1%) had an amputation, 1 above the elbow and 1 had finger terminalisation. 9% of the 67 patients successfully followed-up had residual functional limb impairment [table 2]. 
7 patients developed hematoma at the operation site necessitating return to theatre in 3 cases for exploration and control of bleeding [table 2]. The procedure was abandoned in one case due to variant anatomy with high bifurcation of radial artery, though the patient improved thereafter with medical management. 
Logistic regression analysis did not find any significant variables as predictors for determining local surgical complications (table 4). 



Discussion 
This study has highlighted the risks of brachial embolectomy for acute upper limb ischaemia, alongside technical and functional outcomes. Despite brachial embolectomy being a relatively uncomplicated surgical procedure, this highlights the risks involved in this cohort of patients, which can inform decision making in patients with AULI, many of whom may have the option of conservative management.
Given the lack of evidence-based guidelines, the evaluation and management of AULI remain largely based on expert opinion, surgeon training, and institutional resources.4 The majority of AULI cases are due to thromboembolic disease that often localizes to proximal arm vessels and are amenable to embolectomy techniques. 

 In our series, surgical thrombo-embolectomy was performed on approximately 1 patient per month. Though limb salvage rate was high, the perioperative adverse events and the long-term functional outcome remains a concern. The Danish national vascular registry published their results in 2010 for 1327 embolectomy patients, they concluded that upper limb thrombo-embolectomy is associated with increased risk of amputation, stroke, and death.[endnoteRef:6]6 Amputation rates in this study was similar to those reported at our center, highlighting a lack of advancement in these techniques over the past decade. [6: 6 Andersen LV, Mortensen LS, Lindholt JS, Faergeman O et al. Upper-limb thrombo-embolectomy: national cohort study in Denmark. Eur J Vasc Endovasc Surg. 2010 Nov;40(5):628-34. doi: 10.1016/j.ejvs.2010.06.009. Epub 2010 Jul 8.
] 

Perioperative stroke was a challenging factor in this cohort, given its association with mortality as well as difficulty determining if the stroke is related to a cardio-embolic event or a direct consequence of the revascularisation procedure itself.  Risk of stroke in this cohort is multiplied by atrial fibrillation and malignancy, though it is difficult to ascertain the risk of stroke for each of these factors in our small cohort.  Generally, those with active malignancy are less likely to be operated on and are more likely to rethrombose, though it is difficult to quantify this without a larger sample size.  
Our study also highlights the importance of using clinical success, as well as technical success, as measures of operative success. Many patients in this cohort may have had chronic, asymptomatic occluded wrist pulses, thus an absence of a pulse post-operatively may not correlate to ineffective revascularisation. This is highlighted in our results, with over half of the patients who reported early clinical deterioration and one of the two patients requiring amputation having initial technical success.  This reinforces not to rely on technical success alone as marker of successful revascularisation.  

We didn’t add the time since the presentation to the intervention as variance for outcome, as this was dependent on grade of ischaemia and transfer from other hospitals.  The majority of Rutherford I and IIa cases were trialled conservatively initially with IV heparin and response was monitored for 12-24 hours typically before deciding for surgery. Rutherford IIb were typically taken straight to theatre. Since our center is a major tertiary center, a proportion of our cases were also transferred from smaller surrounding centers. Time from onset of symptoms at the small centers to transfer and operation at our center was difficult to establish. Ender Topal A et al. concluded that embolectomy is beneficial in non-traumatic acute limb ischaemia even after 1 week in the absence of clinical tissue necrosis, as it provides partial limb salvage.[endnoteRef:7]7 This reinforces the general management of trialling with initial medical management in patients with Rutherford IIa AULI, with conversion to surgical intervention in those that fail to improve. [7: 7 Ender Topal A, Nesimi Eren M, Celik Y. Management of non-traumatic acute limb ischemia and predictors of outcome in 270 thrombembolectomy cases. Int Angiol. 2011 Apr;30(2):172-80. 
] 

Multi-center studies with a larger sample size may well aid in identifying significant factors that may be associated with worse outcomes. This may reinforce the option of non-operative management for a highly selected group of patients. The literature is limited in this regard; we found only two reports highlighting the role of conservative management for acute upper limb ischemia. Woong et al. concluded that conservative management can be applied for selective elderly patients unfit for surgery, despite uncertain long-term functional outcome.[endnoteRef:8]8 However, only 9 small case series on medical management were included in this systemic review with only one study since the turn of the century. Turner et al. concluded that conservative management in AULI is underreported, owing to reserving medical management to the terminally ill and frail patient deemed surgically unfit.[endnoteRef:9]9 With the current advances of the antithrombotic therapy, medical care and multidisciplinary approach, we believe that conservative management might have the potential to improve outcomes for AULI while minimizing surgical morbidity in a selected group of patients. That could only be confirmed with RCTs comparing the outcome of the different management modalities focusing on the long-term outcome of each approach.  [8: 8 Wong VW, Major MR, Higgins JP. Nonoperative Management of Acute Upper Limb Ischemia. Hand (N Y). 2016 Jun;11(2):131-43. doi: 10.1177/1558944716628499. Epub 2016 Mar 8.

]  [9: 9 Turner EJ, Loh A, Howard A. Systematic review of the operative and non-operative management of acute upper limb ischemia. J Vasc Nurs. 2012 Sep;30(3):71-6. doi: 10.1016/j.jvn.2012.03.002. 
] 


Selective intra-arterial thrombolysis and mechanical thrombectomy have gained increasingly widespread acceptance as first-line therapies for acute lower limb ischemia. However, reports on its use in treatment of acute upper limb arterial occlusion have been limited. Baguneid et al. reported complete lysis of in half of patients with acute upper limb ischemia by streptokinase, however this is a small single centre experience.[endnoteRef:10]10 [10: 10 Baguneid M, Dodd D, Fulford P, Hadjilucas Y, Bukhari M, Griffiths G, Chalmers N, Walker M. Management of acute nontraumatic upper limb ischemia. Angiology. 1999 Sep;50(9):715-20. doi: 10.1177/000331979905000904.] 

The main message from our series is to highlight the importance of creating an evidence-based management algorithm, and to draw an outcome predictor for surgical intervention in AULI. Which patient is going to benefit from early revascularisation, and which cohort would do better with a non-operative approach remain inconclusive with limited evidence in the literature. Regression analyses in our study also remains inconclusive in determining predictive factors and this is likely largely contributed by a small sample size. 
The limitations of this study should be acknowledged. A relatively small sample size was the main limitation of this study, though given the rarity of AULI, this was expected for a single-center study, and remains one of the largest cohorts published. Secondly, it is not always possible to quantify the degree of ischemia at presentation due to incomplete documentation of ischemia severity. The majority of our patients have been operated on the same or next day, implying that most cases were Rutherford grade II. Nevertheless, it is only an assumption, raising concern about the quality of documentation and reporting standards in vascular surgery as recommended by the Society of Vascular Surgery. 
Additionally, decision to operate was solely based on clinical preference, after discussion with the patient. Though this introduces selection bias, it reinforces the purpose of this study to help form a foundation and need for guidelines surrounding surgical management of AULI. Also, most of our patients undergo surgical intervention for AULI under general anaesthetic. This could not be always explained by for example, need for additional adjunctive procedures. It reflects the surgeon, anaesthetist’s and patient’s preference rather than a pure clinical indication. Rationalising the choice of anaesthesia could offer intervention to more patients under local anaesthetic, especially for frail patients or those with multiple co-morbidities. 
Finally, a total of twenty-one patients have been lost during the follow up. We believe that effect on outcome is likely minimal given all patients had technical or clinical success on discharge and only 1 (stroke) had a major adverse outcome. Due to the size of our vascular network, any readmission at the 3 sites for further surgical intervention would have returned to our department, and we were able to obtain CT scan reports from the network hospitals to ensure no additional strokes or upper limb ischaemia events in those sites had been missed. 
Conclusion: 
Acute upper limb ischemia is a vascular surgical emergency, with serious drawbacks related to the underlying co-morbidity status which might reflect a terminal life event in some patients. The evidence regarding treatment outcomes is limited with little published, and no level I evidence for management even for traditional surgical embolectomy. Thus far we have no outcome predictors to guide which patients would benefit from early revascularisation. Prospective and, preferably, multicentre studies are needed in order to further evaluate outcomes and the clinical usefulness of different treatment options of AULI
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