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Background: Acute upper limb ischemia is an uncommon clinical manifestation of 
thromboembolism seen predominantly in patients with atrial fibrillation. Treatment can 
be by conservative or surgical means but the consensus is that after conservative treat-
ment, symptoms still persist. In this series, an attempt was made at limb preservation and 
return to functional capacity by early surgery in all patients diagnosed with acute limb 
ischemia.
Methods: Patients referred with upper limb ischemia (22) were stratified into non-acute (6) 
treated with anticoagulation alone and those with acute ischemia. Sixteen (16) patients, age 
range 30–92 years (median 62.4 years) comprising mainly females (13), had clinical evi-
dence of severe ischemia and underwent immediate brachial embolectomy with postopera-
tive anticoagulation.
Results: Sixteen patients underwent 20 embolectomies with immediate reperfusion of limbs 
and relief of symptoms. Two patients had two re-operations each due to recurrent symptoms 
but both recovered with good outcome, one going on to have an axillary-radial bypass. There 
was no limb disability nor limb loss, but one postoperative mortality. All other patients were 
seen at their 1-year review and at 5 years, eleven out of 15 patients were still alive with most 
resuming an active lifestyle and some returning to work.
Conclusion: Good outcomes were obtained in this series in both the short and long term. 
Despite one mortality, there was no limb loss nor disability in a mainly elderly population. 
Prompt surgery and meticulous long-term anticoagulation reduced complications and 
improved limb salvage rates ensuring that patients had a good quality of life after surgery.
Keywords: acute-ischemia, prompt-surgery, anticoagulation, limb-salvage

Introduction
The relationship between atrial fibrillation (AF) and thromboembolism has been 
well recognized as far back as 1936 when the presence of increased levels of AF in 
patients with embolism was noted.1 Warren and Linton then observed that of all the 
patients in their study with peripheral embolism, a high percentage (65%) of 
patients had emboli arising from the atrium because of AF.2 In comparison to 
acute lower limb ischemia, acute upper limb ischemia (AULI) is relatively 
uncommon,3,4 but can be associated with significant morbidity including debility, 
limb loss, and mortality. In order to diminish these complications, the authors 
encouraged early identification and referral of patients with severe acute upper 
limb ischemia. This was augmented with prompt surgery, therapeutic levels of 
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postoperative anticoagulation, and close monitoring of 
patients. Herein we present our experience with a small 
series of sixteen (16) patients seen at our institution.

Patients and Materials
Patients
Our patients were selected from a prospectively kept 
database which included patients referred for acutely 
ischemic upper limbs over a period of sixteen (16) 
years. In all, twenty-two (22) patients were identified 
with upper limb ischemia but sixteen (16) were consid-
ered acute, severe, and limb-threatening. The majority of 
patients (14) presented with cold fingers and hands, 
twelve (12) presented with paraesthesia or numbness, 
ten (10) with cyanosis of one or more finger tips, ten 
(10) with pain, and eight (8) with pallor of the fingers or 
hand. Four (4) patients presented with muscular com-
promise, two (2) with paralysis, and two (2) with weak-
ness of the hand [Table 1].

Of the sixteen (16) patients who were referred, thirteen 
(13) were females, three (3) males, with an age range of 32 
to 92 years and median age of 62.4 years. The age, 
ethnicity, and premorbid history of all patients including 
their known risk factors were recorded [Table 1]. Ten (10) 
were of Afro-Caribbean descent and the remaining six (6) 
were of Asian East Indian origin.

The clinical presentation and the duration of symptoms 
of patients were also noted [Table 2], with the commonest 
duration of symptoms being twenty-four (24) hours, seen 
in 50% of patients (8), but three (3) patients presented in 
less than twenty-four (24) hours, two presented after forty- 
eight (48) hours, two longer than this (72 hours and 96 
hours), and one after a week.

Patient Analyses
Of the sixteen (16) patients who presented, ten (10) had 
absent or reduced radial pulses at presentation with seven 
(7) recorded as having atrial fibrillation (AF), four (4) of 
whom had a past history of AF [Table 2]. Almost all the 
patients of this sub-group were elderly females (ages 77, 
79, 89) but the one young female (aged 56) had a history 
of valvular heart disease likely of rheumatic origin. Two 
had pacemakers and one had ECG changes suggestive of 
a very recent myocardial infarct. In all, six (6) patients had 
a cardiac history including three (3) with previous myo-
cardial infarcts but eleven (11) patients were hypertensive, 
three (3) diabetic, and three (3) had previous cerebrovas-
cular accidents (CVA). One of the patients was hyperthyr-
oid, five (5) were being treated for hyperlipidemia, two 
were current smokers, two ex-smokers, and one a known 
end stage renal failure (ESRD) patient. One patient was 
treated for cervical carcinoma, and another had a previous 
deep vein thrombosis (DVT) and a strong family history of 

Table 1 Patient Demographics, Risk Factors, Antiplatelet/Anticoagulant Medication, Compliance and Medical History

Patient Age Gender Pulse H/o AF Cardiac Dis HTN Smoker A/P A/C Compliance Current/Past 
History

1. 79 F AF Yes – Yes Ex —- Warfarin Poor Previous Embolectomy

2. 79 F ↓ Pacemaker IHD, BBB Yes – Aspirin Warfarin Stopped** Complete heart block

3. 89 F AF Yes – Yes – —- —- —- Intestinal Obstruction

4. 56 F AF Yes Mitral stenosis Yes – —- —- —- Rheumatic disease

5. 47 F – – Murmur Yes – —- —- —- BMI > 30

6. 58 F AF – – – – —- —- —- Active Malignancy

7. 77 M – – – Yes Yes —- —- —- Stroke, ↑Lipids, Diabetic

8. 43 F – – – Yes – —- —- —- BMI=28, ↑Lipids

9. 55 F – Pacemaker IHD Yes – —- —- —- MI, Stroke, Diabetic

10. 32 M – – – – Yes —- —- —- Hyperthyroid-no Rx

11. 57 M – – IHD Yes – Aspirin — —- ESRD on dialysis

12. 48 F – – – – – Aspirin — —- ↑Lipids, DVT

13 39 F – – IHD Yes – Aspirin — —- ↑Lipids, OCP

14. 92 F AF – – – – —- — —- ↑Lipid, Hypothyroid

15 81 F AF Yes – Yes – —- Warfarin Low AF

16. 77 F AF – – Yes – —- —- —- Stroke

Note: **Stopped due to gastrointestinal bleeding. 
Abbreviations: AF, atrial fibrillation; ↓, bradycardia; H/o, History of; Cardiac Dis, cardiac disease; IHD, ischemic heart disease; BBB, bundle branch block; HTN, 
hypertensive; A/P, antiplatelet drug; A/C, anticoagulant drugs; BMI, body mass index; ↑Lipids, hyperlipidemia; MI, myocardial infarct; ESRD, end stage renal disease; DVT, 
deep vein thrombosis; OCP, oral contraceptive pill.
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atherosclerosis (mother had a femoral to plantar bypass) 
but no other risks factors. Another young patient (thirty- 
nine) had hyperlipidemia, was on the oral contraceptive 
pill (OCP), and had a previous history of a myocardial 
infarct.

This population was primarily an elderly one with eight 
(8) out of the sixteen (16) being 70 and over, six (6) 
between the ages of 40 and 60 years, and only 2 below 
the age of 40. Cardiac disease made up the major risk 
factors with hypertension, ischemic heart disease, and 
valvular heart disease being major contributors but smo-
kers and those with a history of diabetes were also at risk 
of thromboembolism. Patients with previous cerebrovas-
cular attacks (CVAs), myocardial infarcts, and malignan-
cies also appeared to be at risk of arterial embolism. Four 
patients with ischemic heart disease were on aspirin at the 
time of thromboembolism whilst three were placed on 
warfarin due to AF. One stopped taking the medication 
because of a moderate gastrointestinal bleed, one was non- 
compliant, and the other weakly compliant.

Imaging
All patients, after clinical examination, were initially 
investigated using a Hand-Held Doppler (HHD), and 
absent pulses on the affected side was taken as a hard 
sign of acute limb ischemia with further investigation by 
color duplex interrogation. One patient who had an 

inconclusive duplex scan had imaging by a Magnetic 
Resonance Angiogram (MRA) which demonstrated an 
acute occlusive embolus.

Patients had a 12-lead ECG and echocardiography but 
one pitfall was the inability to access an echocardiogram 
as an emergency investigation, prior to surgery. This was 
done the following day by the in-service cardiology team.

Decision to Treat
Twenty-two (22) patients with ischemic upper limbs were 
referred for further management. Sixteen (16) of these were 
considered to be severe and limb threatening due to acute 
presentation with loss of arterial perfusion, sensory loss, or 
muscular involvement. Prolonged ischemia can lead to 
severe debility, limb loss, and mortality however there is 
evidence that surgery is superior to anticoagulation alone,3 

especially in patients presenting within the first 12 hours.3 

Early surgery was our treatment of choice with postoperative 
anticoagulation to decrease risk of further embolization.

Technique
Surgery was done mainly under local anesthesia, but regio-
nal and general anesthesia were used for two (2) cases 
each [Table 2]. The surgical approach was to access the 
brachial bifurcation. A longitudinal arteriotomy was initi-
ally used on the brachial artery but this was refined first to 
a transverse incision then to an oblique arteriotomy, from 

Table 2 Clinical Presentation, Arteriotomy, Anesthesia, and Immediate Outcome

Patient Clinical Presentation Surgical Intervention

Pain Paraesthesia Cyanosis Cold Duration Arteriotomy Anesthesia Outcome

1 – √ – √ 24 hrs Longitudinal GA Good flow-pulses

2 √ √ – – 24 hrs Longitudinal LA Good flow-pulses
3 – √ √ √ 12 hrs Longitudinal LA Good flow-pulses

4 √ – – √ 12–24 hrs Transverse BB Good flow-pulses

5 – √ – √ 48 hrs Transverse LA Good flow-pulses
6 – √ √ √ 48 hrs Transverse LA* 2 re-explorations

7 √ √ √ √ 24 hrs Transverse LA Good flow-pulses

8 √ √ √ √ 96 hrs Oblique LA* 2 re-explorations
9 √ – √ √ 72 hrs Oblique LA Good flow-fasciotomy

10 √ √ √ – 24 hrs Oblique LA Flow-pulses

11 √ √ √ √ 8 hrs Oblique LA* Flow-pulses
12 – √ √ √ 120 hrs Oblique LA Good flow-pulses

13 √ √ √ – 24 hrs Oblique LA Good flow-pulses

14 – √ √ – 24 hrs Oblique LA Good flow-pulses
15 √ – – √ 24 hrs Oblique LA Good flow-pulses

16 √ √ – – 24 hrs Oblique GA Good flow-pulses

T 10/16 13/16 10/16 11/16

Abbreviations:  LA, local anesthesia; LA*, local anesthesia with sedation; BB, brachial block.
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medial inferiorly to lateral superiorly which is believed to 
reduce the chance of vessel stenosis [Table 2]. This was 
positioned at the bifurcation to give access to both end 
arteries [Figure 1- Brachial artery, devoid of blood flow 
prior to embolectomy].

A size #2 embolectomy catheter was gently used to 
remove thrombus by passing it up the brachial artery and 
down both the radial and ulnar arteries to retrieve embolic 
material which was not always sent for microbiologic and 
histological confirmation. The endpoint was a well per-
fused hand with palpable radial and ulnar pulses 
[Figure 2-Filling of the brachial artery, pre-arteriotomy 
site (yellow arrow) and post-arteriotomy site (blue arrow) 
after embolectomy]. A vein patch was used if the proce-
dure was a repeat surgical procedure or where stenosis at 
arteriotomy site was envisaged. Fasciotomies were used in 
two cases, one at time of surgery and one postoperatively 
after development of a hematoma.

Results and Outcomes
Twenty (20) emergency procedures were done on 16 
patients, 18 were done by a vascular surgeon, and two 
(2) by surgeons with vascular experience. All patients who 
had surgery immediately benefitted from the thrombus 
removal with revascularization of the hand including the 
digits. Two patients had re-operations (two) for recurrence 
of ischemia whilst still at hospital, one resolved and one 
needed an arterial bypass from axillary to proximal radial 
artery to reverse the ischemia. In addition to these there 
was one wound hematoma, one delayed wound closure but 
no wound infections.

Functional outcome stratified by time of presentation 
was analyzed. Most patients presented within 24 hours 
(11) but 5 presented after this time (48 hours, 48 hours, 
72 hours, 96 hours and 1 week). The two patients who 
had reoperations presented late (48 hours and 96 hours) 
as well as the patient with delayed fasciotomy (72 hours), 
whilst the other presenting at 48 hours had difficulty with 
achieving anticoagulation initially taking several days to 
achieve a good endpoint. The other case presenting at 1 
week was a young patient with mild symptoms with 
a reasonable perfusion but had no major complications. 
In general, the later the presentation, the greater the 
complication.

There was one postoperative (1) mortality in an elderly 
patient who had a laparotomy for intestinal obstruction and 
who was noted to have an ischemic hand following lapar-
otomy. She was treated surgically since the ischemic 
changes were advanced and these were reversed by bra-
chial embolectomy. This patient initially recovered follow-
ing surgery but developed acute renal failure and never 
recovered, surviving only five (5) days post-surgery.Figure 1 Brachial artery, devoid of blood flow prior to embolectomy.

Figure 2 Filling of the brachial artery showing pre-arteriotomy site (yellow arrow), 
post-arteriotomy site (blue arrow) and oblique arteriotomy in between, after 
embolectomy.
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Fifteen (15) of the sixteen (16) patients were alive 
one year after surgery with eleven out of fifteen being 
followed-up in clinic five (5) years later. Beyond five (5) 
years, five more passed away, so sixteen (16) years after 
the study started, six (6) patients were alive, four actively 
working, with two mobile pensioners.

Discussion
The most common cause of upper limb embolism is of 
cardiac origin and the brachial artery is the most common 
site at which the embolus lodges.5 Acute upper limb 
ischemia (AULI) is less common than the lower limb, 
accounting for approximately 10–15% of all peripheral 
emboli.3 The relative risk of thromboembolectomy 
among patients with AF (compared to the baseline popula-
tion) was 7.5 for men and 9.3 for women.6

When patients with AF are analyzed, the risk of throm-
boembolism is increased in those with hypertension, myo-
cardial infarct, heart failure, and stroke.6 Other factors 
include protruding fixed aortic plaques which if >5 mm 
thickness7 constituted a significant risk of embolization. 
Disrupted mobile aortic plaques were also a major risk factor 
for systemic embolism in the elderly, as well as intra-cardiac 
lesions, malignant tumors, proximal aneurysms of upper 
limb arteries, external compression from cervical ribs, arter-
itis, fibromuscular dysplasia and hypercoagulable states.1

The patients with AULI typically present with para-
esthesia, pain, pallor or cyanosis and cold fingers and hand 
but may progress to ischemia of the fingers, hand, and the 
forearm. Absence or reduction of the radial and ulnar 
pulses are common findings but in many cases there is 
also an absent brachial pulse.8 Although the diagnosis is 
clinical, it can be confirmed by duplex scan, but routine 
arteriography is usually not warranted unless presentation 
is atypical and signs are equivocal.9

Patients who present late tend to have poorer 
outcomes3,10 and there is an increased risk of amputation 
in patients with a delayed diagnosis and treatment.11,12 

The success of treatment and good outcomes depend on 
prompt early surgery13 and good postoperative 
anticoagulation14 both associated with increased salvage 
of the upper limb.15 Functional problems were more likely 
in patients with a longer duration of symptoms.16

Conservative management can be considered since it 
avoids surgery and may have good outcomes.17 However, 
there is a lack of good quality evidence for non-surgical 
treatment and poor functional outcomes were more often 
seen after conservative treatment.18 Thrombolysis is also 

an option for treatment of upper limb vascular occlusions 
being locally effective,19 but up to 33% of treated patients 
have complications with the risk of hemorrhage, cerebro-
vascular events, and even death with its usage.20

Once the diagnosis has been made, early surgery is the 
best option available.11 Brachial embolectomy is the treat-
ment of choice for patients with AULI due to 
thromboembolism.21 Embolectomy has good outcomes, 
as in our series, with rapid revascularization,22 good func-
tional results,23 and low complication rates.15 Reoperation 
rates for occlusion vary from 5–9%5 and can be due to 
technical failures,24 re-embolization,25 injury to the intima 
during the initial surgery26 and poor anticoagulation 
postoperatively.27 Surgery under local anesthesia is safe, 
poses little threat to the patient’s life, and results are better 
than conservative treatment with even those patients hav-
ing repeat embolectomies getting good outcomes.24,28

Complications reflect the condition of the patient at the 
time of surgery. The risk of a stroke after surgery is sig-
nificant, with a large percentage of patients (19.1%) having 
a first stroke after embolectomy,1 ten percent (10%) of these 
having the stroke on the date of admission.1 The cumulative 
risk of a stroke at 30 days was 4.7% for men and 6.0% for 
women.1 Upper limb amputation varied from 2.2% 29 to 
18%15,with women having the higher risk of amputation.

The overall risk of mortality is higher than in the general 
population with the risk of death being three to eleven (3–11) 
times higher.29 In this population, patients are elderly with 
significant co-existing disease,30 so even though the long- 
term outcome appears to be poor31 many patients die from 
unrelated causes.5,9 However the 1-year survival is good28,32 

as in our series where the 1-year survival was over 90%, the 
5-year survival 73%, with no limb-loss nor disability and 
return to near-normal activities with a good quality of life.

Conclusion
Surgery without delay should be considered in cases of 
acute upper limb ischemia once there are signs of severe, 
progressive ischemia. There are surgical risks in this popu-
lation but the possibility of debilitation, limb-loss, and 
mortality seen with delayed or conservative treatment 
usually tilts the balance in favor of surgery.

The overall results of surgery are better than conserva-
tive treatment, with prompt intervention and meticulous 
anticoagulation, the short- and long-term outcomes in our 
series were good. Patients had no hospital readmissions, 
no limb loss, and an acceptable quality of life following 
surgery.
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Consent
Informed consent was obtained from all the patients 
involved in this series.

Institutional Review was conducted and approval 
granted by the Hospital/Health Authority’s Bioethics 
Committee. This study was conducted in accordance with 
The Declaration of Helsinki.

Author Contributions
All authors contributed to data analysis, drafting or revis-
ing the article, have agreed on the journal to which the 
article will be submitted, gave final approval of the version 
to be published, and agree to be accountable for all aspects 
of the work.
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