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Welcome to the May 2024 edition of the Journal of Vascular Societies Great Britain and Ireland 
(JVSGBI).  

Professor Rob Sayers from Leicester opens this edition with a review of the current management 
of type B aortic dissection in the UK sign posting specifically the associated tool kit, the need for 
improved outcome data and the up coming NIHR EARNEST trial – a randomised study to assess 
endovascular intervention. 

This edition contains two fascinating studies in patients with critical limb ischaemia, linking pre 
existing comorbidities, and particularly frailty, with poorer outcomes following vascular interventions. 
Such studies are crucial to inform patient centred care and personalised management. 

Also included in this edition is a study assessing the safety and efficacy of intravascular lithotripsy 
during endovascular treatment of patients with peripheral arterial disease. This type of study provides 
essential underpinning data for future funding applications and research, a fundamental priority for 
the JVSGBI. 

There are two protocols published in this edition. Both outline studies, which aim to increase the 
engagement of claudicants with exercise. This was a highlighted as a priority in the James Lind 
Alliance research priority setting exercise, and it is fantastic to see this work guiding the direction of 
research focus. 

The four case reports included in this edition not only provide examples of fascinating cases, 
but in addition are written by early career trainees. Finally included are the excellent Rouleaux Club 
prize winning essays. These case reports & essays are often a first foray into academic writing / 
publication and frequently promote academic interest and development. A second fundamental 
priority for the JVSGBI. 

I would like to thank all the editorial staff and reviewers for their continued support and all the 
authors for their submissions. 

 
 

Ian Chetter  
Editor in Chief JVSGBI 
Vice President Elect 
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In April 2021 the acute aortic dissection toolkit 
was launched by NHS England.1 It was designed 
to improve the care of patients with acute aortic 
dissection (AD) by raising awareness of the 
condition and introduced seven key principles of 
management including better governance, 24/7 
rotas and specialist care. Each NHS region in 
England was encouraged to form an AD group, 
benchmark their current service against the 
toolkit principles and then try to improve their 
management of these patients by addressing 
deficiencies. The toolkit provided tools for self-
assessment together with protocols to improve 
deficiencies by sharing best practice. A regular 
series of regional meetings has been held with 
clinicians and managers to advise and help 
progress – engagement with the process and 
feedback has been good. National key 
performance indicators are being developed to 
monitor the overall effect of the toolkit. Although 
the toolkit applies to all dissections, there is 
inevitably a bias towards management of type A 
dissections because many need urgent cardiac 
surgical repair. So where next and what about 
type B dissections?    

The next challenge is to improve the long-
term outlook for all AD patients and this should 
include the large group of type B dissections 
traditionally managed by vascular surgeons – a 
so-called elective care pathway. Some of these 
patients may have had a surgical repair (type A, 
non-A non-B or complicated type B) and others 
may have had only medical management with 
pain relief and blood pressure control 
(uncomplicated type B). However, all require life-
long follow-up with lifestyle advice, blood pressure 
control and monitoring to detect dilation. 

For vascular surgeons there is still uncertainty 
about the acute management of these patients, 

but there are several recent drivers that should 
encourage us all to strive for better. Importantly, 
the scale of the problem is becoming clearer with 
better data and the myth that type A dissection is 
more common than type B is being challenged. 
Recent National Consultant Information 
Programme (NCIP) data on more than 15,000 
admission episodes in AD patients captured by 
Hospital Episode Statistics in England from 2017 
to 2023 suggests that 38% were surgical repairs 
of type A, 8% were surgical repairs of type B and 
53% (over 11,000 admission episodes in nearly 
5000 patients) were type B managed medically.2 
What happens to all these patients with type B 
dissections managed medically? Nobody knows. 
Of further concern is data from the same source 
suggesting that mortality for medically managed 
type B dissections is 26% at 1 year, 32% at 3 
years and 47% at 5 years. The cause of death is 
often uncertain – some may be due to general 
cardiovascular disease but others will be due to 
late aortic complications due to aortic dilation 
(which occurs in 20–50%) and aortic rupture.3  

So the need for better elective follow-up care 
for these patients seems clear, but what should an 
elective pathway look like? Feedback from the 
acute pathway supports the toolkit approach with 
advice and sharing of good practice rather than a 
didactic style. The ability to self-assess and 
benchmark against the toolkit recommendations 
was also popular and allowed units to concentrate 
on areas for improvement. So what areas should 
the elective pathway cover? They should be 
patient-focused and give advice and support on 
various factors such as lifestyle changes, optimal 
blood pressure control, follow-up imaging, genetic 
testing, specialist aortic clinics and dedicated 
nurses. Some of these interventions, such as 
blood pressure control, have a specific evidence 
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base and are included in recent international guidelines.4–6 Others, 
such as lifestyle changes, smoking cessation, increasing exercise 
and reducing obesity, are part of a general strategy to reduce 
cardiovascular deaths and feature in the NHS Long Term Plan.7 

Blood pressure control remains a key factor in preventing death 
from AD. Recent evidence has confirmed the mortality risk of 
hypertension and AD and demonstrated that the risk is dose-
dependent. These findings strongly support aggressive blood 
pressure control (usually with a combination of beta blockers and 
ACE inhibitors) targeting the lower end of normal to reduce late 
vascular events. These patients require lifelong blood pressure 
management, ideally in a specialised multidisciplinary aortic 
dissection or aortopathy clinic. Many units are developing these 
clinics and exploring the role of specialised nurses. Follow-up 
imaging with CT or MRI is recommended to assess complications 
of repair, aortic dilation and state of the false lumen. However, the 
optimal surveillance intervals are not clear. Genetic testing should 
also be considered to identify syndromic causes (Marfan, Loeys–
Dietz, vascular Ehlers–Danlos, Turner’s and bicuspid aortic valve), 
identify risk to other family members and help determine optimal 
timing of any future surgery. 

Finally, it is hoped that AD research and recruitment of patients 
into trials will help to determine best practice. For example, 
indications for intervention in acute type B dissections remain 
uncertain. According to National Vascular Registry data (2022 
annual report), 46 out of 67 UK vascular units (69%) admit and 
manage type B dissections and 34 out of 67 units (51%) perform 
thoracic endovascular repair (TEVAR) to treat these patients. 
However, two-thirds of these centres do <5 cases per year and only 
eight centres could be considered high volume (>25 cases per 
year), with four of these in London. Long-term data also appear to 
be lacking.8 The recently funded NIHR EARNEST trial, a 
randomised study to assess endovascular intervention, should 
provide some answers. It assesses clinical and cost-effectiveness of 
best medical therapy and surveillance versus intervention with 

TEVAR. Importantly, patients were involved in the design of the trial. 
The primary composite end point includes assessment of aortic 
mortality, cardiorespiratory failure and neurological deficit, but we 
will have to wait 5 years for the results.9  
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Abstract  

Background: This study aims to explore the prognostic value of simple frailty and malnutrition 
tools for determining postoperative outcomes at 30 days and one year in patients with chronic 
limb threatening ischaemia (CLTI) undergoing major surgery.  

Methods: This was a single-centre retrospective observational cross-sectional study in a 
tertiary UK Vascular Centre. We applied the Derby Frailty Index (DFI), the Acute Frailty 
Network Criteria (AFNC), the Prognostic Nutritional Index (PNI) and the Geriatric Nutritional 
Risk Index (GNRI) to routinely collect clinical audit data recorded from a combination of 
medical and nursing notes, blood test results and discharge letters.  

Results: We included 73 patients who had undergone amputation (mean age 69 (range 57–77) 
years; 71% male; mean body mass index (BMI) 27 (range 23–31) kg/m2) and 66 patients who 
had undergone bypass surgery (mean age 73 (range 64–81) years; 70% male; BMI 26 (22–
30) kg/m2). The 30-day mortality rate of a frail patient (DFI and AFNC, respectively) was 21% 
(n=8/39) and 23% (n=6/26) compared with 7% (n=7/100) for non-frail patients. Frailty was 
associated with 30-day (DFI: odds ratio (OR) 3.4 (95% CI 1.2 to 10.2), p=0.027; AFNC: OR 
3.4 (95% CI 1.1 to 10.7), p=0.034) and one-year (DFI: OR 7.95 (95% CI 3.4 to 18.6), 
p<0.001; AFNC: OR 5.9 (95% CI 2.4 to 14.7), p<0.001) mortality. Frailty, according to the 
AFNC, was also associated with an increased risk of re-admission. Neither of the malnutrition 
screening tools was associated with 30-day or one-year mortality (p>0.05). 

Plain English Summary 

Why we undertook the work: For patients with severe circulation problems to the legs, surgery is often 
needed. However, these patients can suffer poor outcomes following surgery. If a patient is also frail or 
malnourished, their outcomes are often even worse. Several tools exist to measure frailty and 
malnourishment, but they are sometimes complicated and not always suitable for patients with severe 
circulation problems to the legs, especially if they require walking or physical activity. Other tools, which are 
simpler to apply, may be more suitable. The aim of this study was to see if these simple frailty and 
nourishment tools can be used to identify patients with severe circulation problems to the legs who are 
more likely to have poor outcomes. 

What we did: We looked at patients with severe circulation problems to the legs who had surgery. We used two 
frailty and two nourishment tools to identify which patients were frail and/or malnourished. We then looked at the 
number of patients who had died, had complications, went back to theatre or had to return to hospital after 
discharge. We also looked at how long patients stayed in hospital. We then looked at whether people with frailty 
or malnourishment were more likely to experience these things. 

What we found: We included a total of 139 patients. Those who were frail were more likely to die within a year, 
have complications and return to hospital after discharge. Malnourishment did not increase the risk of dying 
within a year. 

What this means: All patients with severe circulation problems to the legs who are having surgery should be 
assessed for frailty. Those who are frail should have specific plans to minimise their risk of poor outcomes.
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Introduction 
Chronic limb threatening ischaemia (CLTI) is a severe manifestation 
of peripheral arterial disease (PAD), characterised by intractable 
rest pain with or without tissue loss in the form of ulceration and/or 
gangrene or infection.1 Approximately 1% of all PAD cases are due 
to CLTI and first-line treatment includes revascularisation, primary 
amputation or, in some cases, conservative management.1,2 In the 
UK in 2022 there were 9,592 lower limb revascularisations 
(angioplasty or bypass) and 2,233 amputations performed for 
CLTI.3 However, surgery often results in a poor prognosis with high 
3-year mortality (37%), re-intervention (57%) and major amputation 
(12%) rates.4  

Patients with CLTI are often older and present with multiple 
comorbidities.5 This carries an increased risk of morbidity and 
mortality after surgery and makes them more likely to be frail. Frailty 
is a state of vulnerability resulting in a poor recovery of homeostasis 
after a stressor event, triggering disproportionate changes in health 
status.6 Recent evidence has shown that the presence of frailty is 
associated with worse outcomes for patients undergoing vascular 
surgery, including those with CLTI.7 However, some of the applied 
frailty tools may not be suitable for patients with CLTI as they require 
an assessment of mobility and function. The Clinical Frailty Scale, 
which is the most widely adopted tool in vascular surgery,8 does not 
require such assessments. However, the criteria are open to 
interpretation, leading to ambiguity in the frailty assessment. Other 
widely used tools such as the electronic frailty index can be overly 
complex. Therefore, the application of simple, less ambiguous tools 
that only require routinely collected information and no training to 
apply, such as the Derby Frailty Index (DFI) and the Acute Frailty 
Network Criteria (AFNC) may be more appropriate.  

In addition to frailty, the state of malnourishment increases 
surgical risk. In patients with CLTI undergoing endovascular 
therapy, certain characteristics (body mass index (BMI) <18.5 
kg/m2) and/or serum albumin <3.0 g/dL) are associated with poorer 
surgical outcomes.9 The Geriatric Nutritional Risk Index (GNRI) is a 
simple and validated tool which considers these factors in its 
assessment.10 As stature and BMI may not be easily determined in 
some patients with CLTI, the Prognostic Nutritional Index (PNI), 
which has been developed and used in other clinical and surgical 
populations,11,12 may be a good alternative for the CLTI population. 

These frailty and malnutrition tools have not been previously 
applied to patients with CLTI, meaning there is a dearth of 
evidence, despite evidence in the heart failure population.12 

Application of these tools can help to identify the most vulnerable 

patients, facilitating a more rigorous approach to reducing surgical 
risk and anaesthetic management. 

Therefore, the aim of this study was to explore the prognostic 
value of simple frailty and malnutrition tools for determining 
postoperative outcomes at 30 days as well as one-year mortality   
in patients with CLTI undergoing surgery.  

 
Methods 
 
Study design 
A single-centre retrospective observational cross-sectional study 
(January to December 2016) was undertaken in a tertiary 
academic vascular unit in the UK, reported in line with the 
STrengthening the Reporting of OBservational studies in 
Epidemiology (STROBE) guidelines (see Appendix 1 online at 
www.jvsgbi.com).13 The study was registered with the local audit 
governance department (ID: 2018.047) as it did not require full 
ethical approval. 
 
Study participants 
Participants were >18 years of age, had undergone either a bypass 
or amputation procedure for CLTI and were identified via a locally 
maintained database. Patients who had undergone these 
procedures for other indications were excluded. CLTI was defined 
as rest pain, ulceration and/or gangrene as assessed by a vascular 
consultant or registrar. All patients had a full medical history, 
physical examination and blood tests following admission. BMI, 
social situation, mobility, falls risk and risk of malnutrition were 
recorded from data obtained on admission. All data were collated 
from a combination of medical and/or nursing notes, 
haematological results and discharge letters.  
 
Frailty indices 
Two frailty indices were used, as applied in the heart failure 
population.12  
1. The DFI (scored as frail or non-frail) identifies frailty based on 

meeting one of the following criteria:  
• Age >65 years and a care home resident; 
• Age >75 years with confusion, falls, reduced mobility or a 

combination of these; or 
• Age >84 years with >4 comorbidities.  

2. The AFNC (scored as frail vs non-frail) identifies frailty as 
meeting one of the following criteria: 
• Age >85 years; or  

Conclusions: Our analysis confirms that both the DFI and AFNC tools identify patients with 
CLTI who are at the greatest risk of poor outcomes following major surgery. Frailty warrants 
further investigation and should be part of the consent and joint decision-making process in 
this patient population, to personalise care and minimise the risk of poorer outcomes.

Key words: chronic limb threatening ischaemia, frailty, malnutrition, mortality, postoperative complications
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• Age 6>5 years with: 
 – cognitive impairment 
 – resident in a care home 
 – history of fragility fractures 
 – Parkinson’s disease 
 – recurrent falls.  
 

Malnutrition scores 
Two malnutrition indices were used:  
1. The GNRI, calculated using the formula: 1.489 x albumin (g/L) 

+ 41.7 x current weight/ideal weight and classified as follows: 
• >98 = not malnourished 
• 92–98 = mild malnourishment 
• 82–91 = moderate malnourishment 
• <82 = severe malnourishment.10 

2. The PNI, calculated using the formula: 10 x serum albumin (g/L) 
+ 0.005 x total lymphocyte count (109 cells/L) and classified as 
follows:  
• >38 = normal 
• 35–38 = moderate malnourishment 
• <35 = severe malnourishment.11 

 
Outcomes 
The primary endpoint was 30-day mortality. Other outcomes 
included one-year mortality, postoperative complications (defined 
as the occurrence of any complication within 30 days), re-
admissions (defined as the requirement to be re-admitted to 
hospital within 30 days), return to theatre rates (defined as the 
requirement to return to theatre within 30 days) and length of 
hospital stay (LoS). 
 
Statistical analysis 
Due to the nature of this study, a formal sample size calculation was 
not performed. All patients undergoing an amputation or bypass 
procedure for CLTI during the study period were eligible. 
Descriptive data are presented as mean and standard deviation, 
median and interquartile range (IQR) or count and percentages as 
appropriate. A χ2 test or Fisher’s exact test was used for exploring 
associations and an independent t-test or Mann–Whitney U test for 
differences between groups, as appropriate. Frailty and malnutrition 
indices were explored using univariate binary logistic regression for 
patients who died (at 30 days or one year), had postoperative 
complications, returned to theatre and/or were re-admitted within 
30 days. The type of operation (bypass or amputation) and 30-day 
mortality, one-year mortality, re-admissions and return to theatre 
rates were not associated (p>0.05), therefore data were 
amalgamated and then modelled for the frailty and malnutrition 
scores with goodness of fit assessed using the area under the 
curve (AUC). Postoperative complications and the type of 
procedure (bypass and amputation) were modelled independently 
(p<0.05). A Kaplan–Meier survival curve with log rank test was 
used to explore mortality at one year for frail versus non-frail 

patients. Finally, agreement between the two frailty tools was 
assessed using Cohen’s kappa statistic. Data were analysed using 
IBM SPSS V24.0; statistical significance was accepted if p<0.05 
and missing data were treated as missing and were not imputed. 

 
Results 
 
Baseline 
A total of 195 patients who had undergone lower limb bypass or 
major lower limb amputation over the study period were identified 
and screened for inclusion. Fifty-six patients undergoing amputation 
or bypass for reasons other than CLTI (including sepsis, intermittent 
claudication, osteomyelitis, pseudoaneurysm or trauma) were 
excluded (Figure 1). The remaining 139 patients (median age 70 
(IQR 61–79) years, 71% male) were confirmed to have CLTI, met 
the inclusion criteria and were therefore included in the analysis, 
with 73 undergoing major amputation and 66 a bypass procedure. 
Baseline characteristics for type of procedure and frailty status are 
shown in Tables 1 and 2, respectively. Patients who underwent a 
bypass procedure were four years older than those who had an 
amputation (p=0.011), whilst patients who had an amputation were 
less mobile (p=0.012) and were more dependent on others for 
activities of daily living (p=0.018). 
Frailty status 
Overall, 28% (n=39/139) of patients were identified as frail using 
the DFI and 19% (n=26/138) using the AFNC (p<0.001). AFNC 

Figure 1 Patient flow chart.  
 

ALI, acute limb ischaemia; Not CLTI, chronic limb threatening ischaemia (sepsis, 
claudication, osteomyelitis, pseudoaneurysm or trauma); DM, diabetes mellitus 
(no history of peripheral arterial disease); IVDU, intravenous drug user.

Total number 
of patients screened 

n=195

Included 
Patients with CLTI 

and having a surgical 
procedure 

n=139 

Excluded patients 
IVDU  n=5 
ALI  n=7 

DM  n=12 
Not CLTI  n=32 

Amputation 
n=73 

Bypass 
n=66 
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data were missing for one patient due to a lack of recording of 
cognitive status. For amputation and bypass procedures, the 
proportion of frail patients was similar for both the DFI (p=0.348) 
and the AFNC (p=0.327). There was moderate agreement between 
the two frailty tools assessed using Cohen’s kappa interrater 
reliability statistic (0.503, p<0.001). For both tools, the proportion 
of patients who were mobile without the use of any aids or were 
independent was significantly lower for frail compared with non-frail 
patients (p<0.001).  
Malnutrition status 
In total, 50% (n=69/137) of patients were considered malnourished 
according to the PNI and 68% (n=79/116) were considered 
malnourished according to the GNRI (p=0.001). Missing data for 
the GNRI were due to no height measurement (n=23), and 
lymphocyte count was not available for the PNI assessment (n=2). 
For amputation and bypass procedures, respectively, the proportion 
of malnourished patients was similar for the GNRI (57% vs 43%; 
p=0.1) but was significantly different for the PNI (75% vs 25%; 
p<0.001).  

Relationship between frailty and malnutrition tools 
The frailty tools demonstrated a concordance of 82%, with both 
classifying 15% (20/138) of the same patients to be frail and 67% 
to be not frail. Overall, the DFI identified 28% (39/139) as frail 
compared with 19% (26/138) using the AFNC tool (p<0.001).  

The nutritional tools demonstrated a concordance of only 66%. 
Overall, the PNI identified 52% (n=59/114) as malnourished 
compared with 68% (n=78/114) with the GNRI (p=0.001). There 
was no association between the DFI and the PNI or GNRI (p=0.534 
and p=0.960, respectively) or the AFNC and the PNI or the GNRI 
(p=0.430 and p=0.110, respectively).  
 
30-Day outcomes  
 
Mortality  
Overall, 30-day mortality was 11% (n=15/139). Causes of death 
included pneumonia (n=4), sepsis (n=5) and myocardial infarction 
(n=6). Of the patients who died, 13 (87%) were either frail (n=4), 
malnourished (n=4) or both (n=5). Although 30-day mortality was 

Table 1 Demographic and co-morbidity data for CLTI patients undergoing either a bypass or amputation procedure 
 
                                                                                                                             Amputation (N=73)                     Bypass (N=66) 
 
Age (years), median (IQR) 

Gender, n (%)                                                          Male 

                                                                             Female 

BMI (kg/m2), median (IQR) 

Smoking status, n (%)                                               Never smoked 

                                                                             Ex-smoker 

                                                                             Current smoker 

Functional status, n (%)                                             Independent 

                                                                             Partly dependent 

                                                                             Dependent 

Mobility, n (%)                                                         Mobile 

                                                                             Partially mobile 

                                                                             Not mobile 

No of comorbidities, median (IQR) 

Hypertension (Y), n (%) 

Renal failure (Y), n (%) 

Diabetes (Y), n (%)                                                   NIDDM 

                                                                             IDDM 

Previous MI (Y), n (%) 

Angina (Y), n (%) 

Atrial fibrillation (Y), n (%) 

Respiratory disease (Y), n (%) 

Carotid disease (Y), n (%) 

Congestive cardiac failure (Y), n (%) 

 

69 (57–77) 

52 (71.2) 

21 (28.8) 

26.5 (23–31) 

14 (19.7) 

34 (47.9) 

23 (32.4) 

49 (72.1) 

11 (16.2) 

8 (11.8) 

19 (27.5) 

30 (43.5) 

20 (29.0) 

3 (1-4) 

47 (64.4) 

5 (6.8) 

18 (24.7) 

23 (31.5) 

18 (24.7) 

20 (27.4) 

14 (19.2) 

14 (19.7) 

16 (22.2) 

11 (15.1)

73 (64–81)* 

46 (69.7) 

20 (30.3) 

26 (22–30) 

9 (13.6) 

34 (51.5) 

23 (34.8) 

55 (91.7)* 

3 (5.0) 

2 (3.3) 

22 (36.7)* 

33 (55.0) 

5 (8.3) 

3 (2-4) 

50 (75.8) 

2 (3.0) 

14 (21.2) 

13 (19.7) 

20 (30.3) 

21 (31.8) 

18 (27.3) 

22 (33.3) 

15 (23.1) 

9 (13.6) 

*p<0.05.   BMI, body mass index; IDDM, insulin-dependent diabetes mellitus; IQR, interquartile range; MI, myocardial infarction; NIDDM, non-insulin-dependent diabetes mellitus; Y, yes.  
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higher in the amputation group (14%, n=10/73) than in the bypass 
group (8%, n=5/66), this difference was not statistically significant 
(p=0.245).  

In the frail group, 30-day mortality ranged from 21% to 23%, 
depending on the tool used. Frailty, regardless of the tool used, was 
associated with 30-day mortality (DFI: OR 3.4 (95% CI 1.2 to 10.2), 
p=0.027; AFNC: OR 3.4 (95% CI 1.1 to 10.7), p=0.034). The 
goodness of fit (AUC) for the frailty tools was 0.642 and 0.619, 
respectively. However, when broken down by procedure, frailty and 
30-day mortality were significantly associated in the bypass group 
(p=0.002) but not in the amputation group (p=0.700). Neither of the 
malnutrition tools was associated with 30-day mortality (PNI: 
p=0.254; GNRI: p=0.730). 

Postoperative complications 
Postoperative complications occurred in 39% of cases (n=54/139; 
Table 3) but were significantly lower following an amputation 
compared with a bypass procedure (30% vs 52%; p=0.027). 
Neither of the frailty indices was significantly associated with 
postoperative complications following an amputation (DFI, p=0.402; 
AFNC, p=0.913). However, frailty identified using the DFI (but not 
the AFNC, p=0.462) was associated with postoperative 
complications following a bypass procedure (OR 8.5 (95% CI 2.4 to 
29.8), p=0.001). The goodness of fit (AUC) for the DFI tool was 
0.869. Neither of the malnutrition tools was associated with 
postoperative complications following amputation (PNI: p=0.214; 
GNRI: p=0.869) or bypass (PNI: p=0.722; GNRI: p=0.506).  

Table 2 Baseline characteristics of Derby Frailty Index (DFI) and the Acute Frailty Network Criteria (AFNC) 
 
Variables                                                     Frail (DFI) (N=39)              Not Frail (DFI) (N=100)        Frail (AFNC) (N=26)            Not Frail (AFNC) (N=112) 
 
Age (years) 

Age >65 (years) 

Male (Y) 

Weight (kg) 

BMI (kg/m2) 

Smoker (Y) 

Co-morbidities 

Hypertension (Y) 

Renal failure (Y) 

Diabetes mellitus (Y) 

Previous MI (Y) 

Angina (Y) 

Atrial fibrillation (Y) 

Respiratory disease (Y) 

Carotid disease (Y) 

Congestive heart failure (Y) 

Falls (Y) 

Cognitive impairment (Y) 

Independent (Y) 

Mobile (Y) 

Medication 

Optimal therapy (Y) 

Laboratory variables 

Albumin  

Lymphocytes 

Haemoglobin 

Sodium 

Potassium 

Creatinine 

 

83 (76–86) 

100% 

46.2% 

65 (54–74) 

24 (21–27) 

26.9% 

 

73.1% 

0% 

46.2% 

15.4% 

23.1% 

42.3% 

23.1% 

32% 

26.9% 

30.8% 

46.2% 

44% 

15.4% 

 

84.6% 

 

22 (19–29) 

1.2 (0.8–2.2) 

104 (90–117) 

134 (131–137) 

4.3 (4.1–4.8) 

77 (61–93.4) 

69 (58–76)* 

58%* 

75.9%* 

79 (68–91)* 

26.5 (22–30) 

35.5% 

 

68.8% 

6.2% 

49.1% 

29.5% 

30.4% 

17.9%* 

27.3% 

20.7% 

11.7%* 

1.9%* 

1%* 

90.3%* 

35.9%* 

 

79.5% 

 

29 (25–36)* 

1.6 (1.3–2.6) 

111 (94–130) 

135 (132–137) 

4.4 (4–4.7) 

84 (61–110) 

82 (78.5–85) 

100% 

64.1% 

69 (58–85) 

25 (22–29) 

25.6% 

 

71.8% 

2.6% 

48.7% 

35.9% 

33.3% 

38.5% 

28.9% 

36.8% 

30.8% 

12.8% 

28.2% 

59% 

2.6% 

 

89.7% 

 

27 (21–33) 

1.5 (1.0–2.6) 

108 (94–124) 

134 (132–137) 

4.4 (4–4.7) 

85 (62–111) 

66 (57–72)* 

53%* 

73% 

79 (68–91)* 

26 (22–31) 

36.7%* 

 

69% 

6% 

49% 

24% 

28% 

17%* 

25.3% 

17.2%* 

8.1%* 

5.5% 

2.2%* 

91%* 

44.4%* 

 

77% 

 

29 (23–36) 

1.6 (1.2–2.6) 

111 (92–130) 

135 (132–137) 

4.3 (4.0–4.6) 

82 (61–102) 

*p<0.05.     BMI, body mass index;  Y, yes.  
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Re-admissions 
Re-admission within 30 days occurred in 6% (n=8/139) of patients, 
with no significant difference between patients undergoing 
amputation (7%, n= 5/73) or bypass (5%, n=3/66, p=0.721). Frailty 
established using the AFNC (but not the DFI, p=0.843) was 
significantly associated with re-admission within 30 days (OR 4.9 
(95% CI 1.1 to 21.1), p=0.033) whereas neither of the malnutrition 
tools was significantly associated with re-admission within 30 days 
(PNI: p=0.253; GNRI: p=0.938). The goodness of fit (AUC) for the 
AFNC tool was 0.665. 
Return to theatre rates 
In total, 10% (n=14/139) of patients were required to return to the 
theatre within 30 days. There was no significant difference in return 
to theatre rates between amputation (6%, n=4/73) and bypass 
procedures (15%, n=10/66; p=0.058). Neither of the frailty (DFI: 
p=0.563; AFN: p=0.647) or malnutrition tools (PNI: p=0.792; GNRI: 
p=0.910) was associated with returning to theatre within 30 days. 
Length of stay (LoS) 
The median LoS for all patients was 14 (IQR 9–25) days. Patients 
undergoing amputation procedures (17 (IQR 12–27.5) days) had a 
significantly longer LoS than those undergoing bypass procedures 
(13 (IQR 7–21) days; p=0.010). There were no significant 
differences in LoS between frail and non-frail patients using either 
the DFI (p=0.388) or AFNC (p=0.626) or between malnourished 
and nourished patients using the PNI (p=0.050). However, 
according to the GNRI, malnourished patients had a significantly 
longer LoS (16 (IQR 10–30) days) compared with nourished 

patients (12 (IQR 8–18.5) days; p=0.039). This difference was not 
driven by the difference in LoS between procedures (amputation 
malnourished vs nourished LoS: p=0.369; bypass malnourished vs 
nourished LoS: p=0.126). 
 
One-year mortality  
One-year mortality was 26% (n=36/139) with no significant 
difference between amputation (27%, n=20/73) or bypass 
procedures (23%, n=15/66; p=0.526).  

Patients considered frail by either tool had significantly higher 
mortality at one year, ranging from 56% to 58% (p<0.05; Figures 2 
and 3). Frailty was significantly associated with one-year mortality 
(DFI: OR 7.95 (95% CI 3.4 to 18.6), p<0.001; AFNC: OR 5.9 (95% 
CI 2.4 to 14.7), p<0.001; Figures 2 and 3), whilst malnutrition was 
not (PNI: p=0.884; GNRI: p=0.177). Frailty and one-year mortality 
were significantly associated in the bypass (p<0.001) and 
amputation groups (p=0.002). The goodness of fit (AUC) for the 
frailty tools was 0.723 and 0.654, respectively. 

 
Discussion 
This study aimed to assess how frailty and malnutrition, identified 
using simple to apply, less ambiguous tools, are associated with 
outcomes in patients with CLTI undergoing lower limb vascular 
surgery. We have demonstrated that frailty and malnutrition are 
prevalent in this population and that frailty is strongly associated 
with both 30-day and one-year mortality, especially in patients 
undergoing a bypass procedure. Frailty is also associated with 
postoperative complications and re-admissions. Overall, it appears 
that both tools are able to strongly describe the risk of poorer 
outcomes following surgery. These findings mirror those reported 
previously in that frailty, assessed using more widely adopted tools 
such as the Clinical Frailty Scale and the Modified Frailty Index, is 
associated with mortality and morbidity, but not length of stay, for 
patients with PAD undergoing revascularisation.12,14-16 

This therefore strengthens the need to consider frailty in general 
in patients being considered for major vascular surgery, particularly 
in the joint patient and clinician decision-making process. It also 
provides new evidence for the utility of alternative tools, the DFI and 
AFNC, which hitherto have not been considered in patients with 
CLTI, despite evidence in the heart failure population.12 This 
suggestion that frailty needs to be considered in the joint decision-
making process is furthered when considering the results recently 
reported for a study exploring frailty in patients with CLTI presenting 
to a vascular limb salvage clinic. This study demonstrated that, on 
multivariable analyses, frailty was not independently associated with 
death or amputation.17 However, frail patients were more likely to be 
managed conservatively, suggesting that, for a select group of frail 
patients, conservative management may lead to better outcomes 
than aggressive invasive treatment. This warrants further 
exploration to identify which characteristics contributing to frailty 
make conservative management more appropriate.  

One interesting finding is that frailty was only associated with 

Table 3 Types of complication by procedure. 
 
Complication type                           Total          Amputation      Bypass 
                                                   N (%)              N (%)           N (%) 
 
Cardiac                                              9 (13.4)              2 (8.7)           7 (15.9) 

Respiratory                                          6 (9)                 3 (13)            3 (6.8) 

Cerebral                                             1 (1.5)               1 (4.3)                - 

Haemorrhage/bleeding                       11 (16.4)             2 (8.7)           9 (20.5) 

Infection                                            9 (13.4)             5 (21.7)            4 (9) 

Thrombosis                                         5 (7.5)               1 (4.3)             4 (9) 

Multi-organ failure                               3 (4.5)               2 (8.7)            1 (2.3) 

Renal failure                                        1 (1.5)                   -                1 (2.3) 

Urinary tract infection                           1 (1.5)                   -                1 (2.3) 

Metabolic acidosis                               1 (1.5)               1 (4.3)                - 

Low haemoglobin                               9 (13.4)              2 (8.7)           7 (15.9) 

High potassium                                    2 (3)                2 (8.7)                - 

Hypotension                                         4 (6)                1 (4.3)            3 (6.8) 

Graft failure                                         1 (1.5)                   -                1 (2.3) 

Urinary retention                                 1 (1.5)                   -                1 (2.3) 

Postoperative vomiting                         1 (1.5)                   -                1 (2.3) 

Loose stools and fever                         1 (1.5)                   -                1 (2.3) 

Heparin-induced thrombocytopenia       1 (1.5)               1 (4.3)                - 
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30-day mortality following bypass but not following amputation, and 
this association was stronger when using the DFI, as evidenced by 
the greater AUC. Additionally, frailty established using the DFI was 
associated with postoperative complications, again only in the 
bypass group. This suggests that the DFI is able to identify patients 
who are at an increased risk of complications following bypass 
procedures and these complications may also be contributing to 
the increased risk of 30-day mortality in this group. Therefore, any 
patient with CLTI undergoing a bypass procedure who is identified 
as frail according to the DFI requires appropriate input and 
optimisation across the perioperative pathway to reduce their risk of 
postoperative complications and consequent 30-day mortality. 

When considering the AFCN tool, frailty was associated with an 
increased risk of re-admission. This may be secondary to the fact 
that, according to this tool, patients aged >85 years are considered 
frail, regardless of any other factors. This notion is supported by a 
study in a similar patient cohort which demonstrated that patients 
aged >77 years were at an increased risk of multiple re-
admissions.18 However, although frail patients were significantly 
older than their non-frail counterparts, they also differed in terms of 
the incidence of important co-morbidities and a combination of age 

and co-morbidities is more strongly associated with poorer 
outcomes than chronological age alone.19 This suggests that there 
may be other drivers than age which contribute to the increased 
risk of re-admission. It is therefore important that non-frail elderly 
patients are not denied treatment based on age alone. 

The incidence of malnutrition in our patient cohort significantly 
differed depending on the screening tool used. The proportion of 
patients identified as malnourished using the PNI, which has not 
been previously applied to vascular patients, was similar to that 
demonstrated in heart failure patients.12 Conversely, the proportion 
of patients identified as malnourished using the GNRI differed 
substantially to previous studies.20,21 However, these studies did not 
consider those with mild malnourishment as malnourished. When 
the same criteria are applied to our cohort, the proportion of 
malnourished patients is similar.20,21 Regardless, our findings do 
differ from those in vascular20,21 and other populations,12 as neither 
tool was associated with postoperative outcomes. This suggests 
that, although important, nutritional status may not be as relevant 
as frailty for patients with CLTI undergoing major surgery.  

The finding that these malnourishment tools are not associated 
with postoperative outcomes is, however, more likely to be related 

Figure 2 One-year mortality using the Derby Frailty Index. 
 

Figure 3 One-year mortality using the Acute Frailty Network 
Criteria (AFNC). 
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to the inflammatory process which influences lymphocyte cell count 
and the synthesis of serum albumin. Indeed, the recent ASPEN 
position paper specifically states that serum albumin characterises 
inflammation, rather than describing nutritional status.22 Given that 
CLTI is a systemic inflammatory condition, the application of these 
tools, which are heavily weighted by albumin concentration, may 
not be appropriate. An example of how these tools may be 
influenced by inflammation is provided within our data. The PNI, 
which does not consider other physical patient characteristics in its 
assessment, characterised a significantly greater proportion of 
amputation patients as malnourished compared with bypass 
patients. This is likely to be related to the elevated inflammatory 
state of patients undergoing amputations compared with that of 
those undergoing bypass procedures. 

Clearly, further work considering malnourishment in patients 
with CLTI undergoing surgery is required. Such studies should 
adopt appropriate tools which do not consider serum albumin in 
their assessment, such as those highlighted in the recent ASPEN 
position paper.22 

 
Implications for practice and future directions 
Frailty assessment allows evidence-based quantification of risk 
during the consent process and should become mandatory. These 
simple tools can be applied prior to ward rounds or clinic 
appointments as they use routinely collected data and require no 
additional training. Identifying frailty provides an opportunity to work 
with the multidisciplinary team to optimise the patient and plan 
admission with access to high dependency wards as well as 
appropriate rehabilitation and discharge. However, there is a need 
for consensus on the most appropriate frailty tool for use in patients 
with CLTI. This study suggests that either the DFI or the AFNC may 
be appropriate, although the DFI may be more appropriate in 
patients undergoing bypass, evidenced by its ability to predict 
postoperative complications which may be contributing to 30-day 
mortality. However, before we can recommend their use, these 
tools warrant further investigation to explore their validity, reliability, 
responsiveness, patient acceptability and clinical functionality as 
well as how they compare with more widely adopted tools such as 
the Clinical Frailty Scale.  

Additionally, although factors relating to frailty are often 
unmodifiable, frailty is associated with poor physical function23 and 
depleted physiological reserve, so it may identify a specific group of 
patients who could benefit from ‘prehabilitation’. Evidence suggests 
that prehabilitation combined with rehabilitation improves 
postoperative outcomes in other surgical specialities24,25 and thus 
warrants further investigation in frail patients with CLTI. It is, 
however, important to consider this in the context of the current 
PAD-QIF targets for revascularisation, which are 5 days for 
inpatients and 14 days for outpatients.26 Therefore, prehabilitation, if 
considered in future investigations, will need to be intensive to 
maximise the limited timeframe available. If prehabilitation is not 
feasible, an alternative could be the use of a comprehensive 

vascular geriatric service, with the inclusion of geriatric experts. 
Recent evidence suggests a service such as this can improve 
outcomes and reduce 30-day mortality in frail vascular inpatients.27 

Finally, malnutrition, whilst clearly important, was not associated 
with poorer outcomes in this study. Further work is required to 
determine a reliable malnutrition tool for patients with CLTI.  

 
Limitations 
This study is not without limitations. First, the study is retrospective 
with a limited sample size drawn from a single centre. This limits 
generalisability and increases the possibility of a type II error. In 
addition, confounders, both known and unknown, could not be 
controlled for. Furthermore, the data collection period (2016) is now 
eight years ago and it is possible that the findings presented here 
may not be reflected in current practice with the more recent 
developments in perioperative and ward level care. However, the 
results are still relevant and this study acts as a fundamental 
starting point to stimulate further prospective, appropriately 
designed trials considering the impact of frailty, identified using 
these simple-to-apply tools, and malnutrition, using other 
appropriate tools, in contemporaneous cohorts of patients with 
CLTI. 

One final limitation is the lack of available data on CLTI severity 
in the form of Rutherford classifications, WIfI classifications and 
haemodynamic measures. Due to the nature of this study and its 
retrospective data collection, we were unable to obtain this 
information despite the likelihood of it being recorded. Therefore, it 
is imperative that future prospective studies collect and report these 
data.  

 
Conclusion 
Frailty is associated with an increased risk of worse outcomes for 
patients with CLTI undergoing major surgery. Frailty should be 
considered routinely in this patient cohort to inform the consent and 
joint decision-making processes, to personalise care and to minimise 
the risk of poorer outcomes, although further research is needed. 

• For patients with chronic limb threatening ischaemia, 
there is a high prevalence of frailty. In this cohort, it 
ranged from 19-28% and was assessed using two 
simple to apply tools. 

• In this cohort, the presence of frailty was associated 
with 30-day and 1-year mortality as well as post-
operative complications and hospital re-admissions 
but not length of stay or return to theatre rates. 

• Frailty warrants further investigation and should be part 
of the consent and joint decision-making process in 
patients with chronic limb threatening ischaemia, to 
personalise care and minimise the risk of poorer 
outcomes. 

KEY MESSAGES
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Abstract  

Background: Half of people with chronic limb-threatening ischaemia (CLTI) have frailty. This 
study aimed to describe the associations of frailty with cognition, disability and quality of life 
(QoL) among CLTI patients over 1 year following surgical or endovascular procedures. 

Methods: A single-centre prospective cohort study was undertaken. Patients undergoing a 
procedure for CLTI between May 2019 and May 2021 were eligible (minimum age >65 initially; 
>50 from November 2019). Participants underwent preoperative assessments for frailty, 
physical and cognitive function, disability, mood, disease-specific QoL (Vascular QoL 
questionnaire (VascuQoL)) and generic health-related QoL (EuroQoL EQ-5D-5L). Follow-up 
was at 3 months (clinic or telephone) and 12 months (telephone). Baseline frailty was assessed 
using both the Edmonton frail scale (EFS) and the clinical frailty scale (CFS). Frailty during 

Plain English Summary 

Why we undertook the work: We studied the effects of frailty in people with severe artery disease in the 
legs who had surgery. Frailty is the decline in the body’s systems due to getting older. People with frailty get 
better more slowly after illness or surgery. They are more likely to need care and have a shorter life than 
those who don’t have frailty. About half of people with severe artery disease in the legs also have frailty. 
Their symptoms can limit their walking, causing disability. Long-term foot pain, ulcer or gangrene can also 
impact other body systems. We know that people with both severe artery disease of the legs and frailty 
have a shorter life and more problems after surgery. But, many still need surgery to save their leg. We 
compared people with and without frailty who had surgery for severe artery disease of the legs. We looked 
at quality of life, mood and disability over 1 year after surgery. We felt this work was important for helping 
patients and their doctors with severe artery disease in the legs make decisions about their care. 

What we did: Ninety-nine people with severe artery disease in the legs agreed to take part. They had tests of 
frailty, their memory and thinking, and their physical function. They also answered surveys about quality of life, 
disability and mood. Eighty-seven people had a procedure. These people also took surveys 3 months and 1 year 
after their surgery. 

What we found: Our results show that people with frailty had worse quality of life, mood and disability before and 
1 year after their surgery. However, both people with and without frailty had an average improvement in mood 
and quality of life. On average, all patients became slightly more disabled over 1 year. About one in 10 people 
with frailty improved so much after surgery that they were not frail at 1 year. These people were younger. But, 
nearly a quarter of the people without frailty before their surgery became frail over 1 year. These people were 
slightly older. 

What this means: Most people in this study had a better quality of life at 1 year, even those with frailty before 
their procedure. This means even people with frailty may benefit from a procedure for severe artery disease in 
the legs. These results may help people thinking about a procedure for severe artery disease in the legs to 
predict what their likely outcomes might be and manage expectations. These results will also help their clinicians 
provide crucial information for shared decision making.
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Introduction 
Frailty is a complex, dynamic, multi-system health state 
characterised by susceptibility to significant homeostatic 
dysregulation from even minor physiological stressors, leading to 
poor health-related outcomes such as loss of independence and 
death.1,2 Frailty is present in around half of all individuals with 
chronic limb-threatening ischaemia (CLTI) and is related to severity 
of disease.3–5 Among vascular surgery patients, including those with 
CLTI, frailty is related to worse perioperative outcomes and long-
term survival.3–7  

Frailty is closely interrelated to disability and cognitive 
impairment.2,8 There is a high prevalence of cognitive impairment 
among vascular surgery patients, but it is unknown among those 
with CLTI specifically.9 CLTI causes lower limb dysfunction and 
associated disability; however, their interactions with frailty in those 
with CLTI have not been described.3,10,11 Furthermore, whilst 
transition in frailty states has been detailed among vascular surgery 
patients in general, there has been little investigation of frailty 
trajectories following intervention for CLTI.12 

The aim of this study was to describe the associations of frailty 
with cognition, disability, physical function, mood and quality of life 
(QoL) among individuals with CLTI at initial presentation and over a 
1-year period following intervention. 

 
Methods 
The Leg Ischaemia Management collaboration (LIMb) study is a 
single-centre, prospective cohort study of individuals with CLTI 
(NCT04027244). The full LIMb study protocol has been published 
elsewhere.13 Adults with CLTI presenting to the Leicester Vascular 
Institute (Glenfield Hospital, University Hospitals of Leicester NHS 
Trust) were eligible for inclusion. CLTI was defined as a minimum   
2-week ischaemic night or rest pain and/or ulceration or gangrene 

in the affected leg(s) attributable to confirmed peripheral artery 
disease.14,15 Recruitment opened in May 2019 and continued until 
March 2022. Written informed individual patient consent was 
gained prior to completion of any study procedures. Patients 
lacking mental capacity to consent were eligible for inclusion with 
agreement from a suitable personal consultee. The LIMb study 
received ethical approval from the UK National Research Ethics 
Service (19/LO/0132). 
 
Frailty and cognitive additional assessments 
Those recruited to the LIMb study aged >65 years who planned to 
undergo a procedure for CLTI were eligible to consent to additional 
frailty and cognitive assessments prior to their intervention and at 
3 and 12 months post-procedure. Minimum age for inclusion was 
lowered to >50 years following a protocol amendment in November 
2019 after identification, early in the study, of several individuals 
recruited to the LIMb primary cohort who were living with frailty 
(clinical frailty scale (CFS) score >5) but aged 50–64 and therefore 
initially ineligible to participate in the frailty and cognitive additional 
assessments. 

Baseline demographics, comorbidities, preoperative blood test 
results and wound, ischaemia, and foot infection (WIfI) scores were 
collected for all patients recruited to the LIMb study. WIfI scores 
were converted to clinical stage based on risk of major 
amputation.16 Charlson Comorbidity Index (CCI) scores were 
calculated using an updated weighting.17 CFS, Barthel index of 
activities of daily living, Hospital Anxiety and Depression Scale 
(HADS) and the Vascular Quality of Life (VascuQoL) 25-item 
questionnaire were also collected at baseline.18–21 The EuroQoL 
EQ-5D-5L tool was added to the study schedule after a protocol 
amendment in May 2020.22 EQ-5D-5L scores were converted to 
validated values for UK patients prior to analysis.23 Individuals 

follow-up was re-assessed at 3 and 12 months using the CFS as it can be performed via 
telephone. Associations of baseline frailty with disability, QoL and mood scores during follow-
up were investigated using repeated measures mixed models.  

Results: Ninety-nine patients completed the baseline assessments. Forty-five (45%) were 
classified as frail by the EFS. Frailty was associated with a higher prevalence of cognitive 
impairment based on the Montreal cognitive assessment (52% vs 17%; p<0.001). Eighty-
seven patients were eligible for follow-up. Baseline frailty (EFS) was associated with worse QoL 
scores at all timepoints (VascuQoL p=0.001; EQ-5D-5L p<0.001). Both those with and without 
frailty at baseline (EFS) had modest improvement in QoL scores at 12 months (VascuQoL 
p<0.001; EQ-5D-5L p=0.001). Barthel index (disability) scores were lower for those with frailty 
at baseline (EFS) (p<0.001) and decreased slightly over 12 months for both groups (p=0.007). 
Five patients (12%) transitioned from frailty to non-frailty at 12 months based on the CFS. 
However, 10 patients (23%) transitioned from non-frailty to frailty. 

Conclusions: CLTI patients with frailty have worse QoL and greater disability both pre- and 
post-intervention. However, they demonstrate similar QoL benefit to those without frailty at 
1 year following intervention. Baseline frailty assessment is important to inform prognostic 
discussions, expectations and shared decision making in CLTI.

Key words: frailty, cognitive dysfunction, quality of life, peripheral artery disease, chronic limb-threatening 
ischaemia
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lacking mental capacity to consent were supported in completion of 
QoL questionnaires by their personal consultee if required. 

Those consenting for additional frailty and cognitive 
assessments undertook the Edmonton frail scale (EFS), Montreal 
cognitive assessment (MoCA), Short Physical Performance Battery 
(SPPB) and standardised bilateral seated hand grip strength (Jamar 
Plus+ digital hand dynamometer). The original study protocol 
scheduled follow-up clinic visits at 3 and 12 months where frailty 
and cognitive assessments were repeated. A summary of 
assessments is shown in Table 1. Baseline frailty and cognitive 
assessments used in this study are not part of routine clinical 
practice (except for the CFS) and were not used by the clinical 
team in decision making. 

Outcome data were collected from written and/or electronic 
medical records. Study data were collected and managed using 
REDCap (Research Electronic Data Capture).24  
 
Protocol amendments due to COVID-19 
The LIMb study was paused in March 2020 at the beginning of the 
first UK wave of the coronavirus disease 2019 (COVID-19) 
pandemic. Recruitment to the frailty and cognitive additional 
assessments reopened in October 2020 but was again suspended 
throughout January 2021 during a further UK wave of COVID-19. 
Whilst recruitment to the primary cohort of the LIMb study was 
extended until March 2022, it was not possible to extend 
recruitment to the frailty and cognitive additional assessments 
beyond the original planned study end date of May 2021. 

Because of COVID-19 related restrictions, all 3-month and 
12-month follow-ups were undertaken via telephone from March 
2020. Patients recruited to the study from February 2021 were 
offered the option of clinic follow-up at 3 months post-procedure. 
All 12-month follow-up was switched to telephone only. The 
MoCA-BLIND was used to assess cognitive function via telephone, 
but it is not possible to perform the EFS, SPPB or hand grip 
strength via telephone (Table 1).25 
 
Statistical analysis 
As EFS is a multi-domain clinical assessment of frailty, the baseline 
EFS score was used to define frailty in the analyses.26 Variables 
were presented in tables with data for frail (EFS >8) and non-frail 
(EFS <8) patients separately. Categorical variables were presented 
as frequencies (%). Histograms were assessed for normality of 
continuous variables. Normally distributed data were presented as 
means (standard deviation (SD)) and skewed data as medians 
(interquartile range (IQR)). Associations of baseline variables with 
frailty were investigated using a χ2 test for categorical data, t-test for 
normally distributed continuous data, and Kruskal–Wallis test for 
skewed continuous data. Cohen’s κ was calculated to assess 
agreement between EFS and CFS. 

The change in SPPB and grip strength at 3 months was 
investigated using analysis of covariance. Changes in 12-month 
assessment scores were investigated using repeated measures 
mixed models (restricted maximum likelihood) and adjusted 
predictions presented graphically by frailty status with 95% CI. 

Table 1 Study procedures and assessment schedule 
 
Assessment             Description                                                                                                  Cut-off point       Baseline      3 months      12 months 
 
CFS 

EFS 

MoCA* 

VascuQoL 

EQ-5D-5L† 

HADS 

 
Barthel index 

SPPB 

 
Grip strength 

 

9-point scale based on self-reported function (1 least frail; 9 most frail) 
 
Multi-domain 14-point assessment (1 least frail; 14 most frail) 
 
Multi-domain assessment: max score = 30 (higher score = better cognitive function) 
 
PAD-specific 25-item questionnaire (max score = 7; higher = better QoL) 
 
Generic 5-item questionnaire & VAS (0–100) (higher score = better QoL) 
 
14-item questionnaire (7 anxiety; 7 depression) (max score = 21 each; 
higher score = worse mood) 
 
10-item ADLs questionnaire (max score = 20; higher score = less disability) 
 
3-domain physical assessment of lower limb function (max score = 12; 
higher scores = better function) 
 
Bilateral hand grip strength (kg) using dynamometer (5 repeats each hand; 
max grip strength calculated) 

>5 

>8 

<24 

N/A 

N/A 

>11 

 
N/A 

N/A 

 
N/A 

● 

● 

● 

● 

● 

● 

 

● 

● 

 

● 

● 

○ 

● 

● 

● 

● 

 

● 

○ 

 

○ 

● 

○ 

● 

● 

● 

● 

 

● 

○ 

 

○ 

*MoCA-BLIND utilised during telephone follow-up and where patient had visual impairment.  
†Added after protocol amendment in May 2020. 
● Performed in all patients/at both face-to-face and telephone follow-up. 
○ Only performed during face-to-face follow-up. 

ADLs, activities of daily living; CFS, clinical frailty scale; EFS, Edmonton frail scale, HADS, Hospital Anxiety and Depression Scale; MoCA, Montreal cognitive assessment; N/A, not applicable; 
PAD, peripheral artery disease; QoL, quality of life; SPPB, Short Physical Performance Battery; VAS, visual analogue scale; VascuQoL, Vascular Quality of Life Questionnaire.  
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Sensitivity analyses were performed by excluding those with 
missing data (complete case analysis). 

Association of frailty with 1-year survival was presented 
using Kaplan–Meier survival curves, using the log-rank test 
to test differences between groups. Independent 
associations of frailty, cognitive impairment, age and CCI 
score with 1-year mortality (pre-selected variables) were 
investigated using Cox regression and reported as hazard 
ratios (HR) with 95% CI. Independent associations of frailty, 
cognitive impairment, age, CCI score and WIfI stage 
(pre-selected variables) with major amputation were tested 
using Fine-Gray competing risk analysis (death as the 
competing risk) and reported as sub-distribution hazard 
ratios (SHR) with 95% CI. 

All statistical analyses were performed in Stata (version 
17 for Windows, StataCorp. College Station, Texas, USA). 
A p value of <0.05 was considered statistically significant. 

 
Results 
 
Baseline associations with frailty 
In total, 99 (63%) of the 158 eligible patients recruited to the 
LIMb study completed additional frailty and cognitive 
assessments at baseline (Figure 1). Four of these patients 
(4%) were included via personal consultee assent (lacked 
mental capacity). Forty-five patients (45%) were classified as 
frail by the EFS and 49 (49%) by the CFS with moderate 
agreement (78%; κ=0.56). Breakdown of severity of frailty 
was similar for both EFS and CFS; however, only 16% of 
patients were classified as vulnerable by the EFS compared 
with 42% by the CFS (Table 2). Overall, 32 patients (33%) 
were deemed to have cognitive impairment. Cognitive 
impairment (MoCA <24) was strongly associated with frailty 
(52% vs 17%; p<0.001). 

Associations of baseline patient characteristics with 
frailty are presented in Table 3. Frailty was associated with a 
higher CCI score, greater number of medications and lower 
haemoglobin concentration. A greater proportion of those 
with frailty were female (31% vs 15%), but this difference did 
not reach statistical significance (p=0.052). The mean ages 
of those with and without frailty were similar. Individuals with 
frailty had an almost 4-point worse SPPB score and 8.4 kg 
lower mean maximum grip strength. 

 
Associations of frailty with trends in assessment scores over time 
Twelve patients had their procedure cancelled or delayed after 
undergoing baseline frailty assessments and were subsequently 
excluded from further analysis. A higher proportion of those with 
frailty had their procedure delayed or cancelled, but there was no 
significant difference in the overall management strategy (Table 3). 
Seventy-one patients completed the 3-month follow-up and 61 
patients completed the 12-month follow-up (Figure 1). Six patients 

not followed up at 3 months were successfully followed up at 12 
months, meaning 55 patients completed all additional frailty and 
cognitive assessments per protocol.  

Thirty-one patients received face-to-face clinic follow-up at 
3 months. Frailty at baseline was not associated with change  
in median MoCA score (+1 (IQR –3 – +3) vs 0 (IQR –2 – +1); 
p=0.856) nor change in mean maximum grip strength (+0.1 (SD 
3.1) kg vs –0.6 (SD 4.8) kg; p=0.870). Those with frailty at baseline 
had a greater improvement in mean (SD) SPPB score (+1.6 (3.6)) 
than those without frailty (–0.6 (2.5)), although this difference did 

Figure 1 Patient recruitment flowchart for the periods when recruitment 
was open to the frailty and cognitive additional assessments. 
 

• Ineligible (n=182) 
• Patient declined (n=93) 
• Consultee declined (n=5) 
• Other (n=28) 

Screened for eligibility 

(n=544)

Recruited to LIMb study 

(n=236) 

Recruited to frailty and 
cognitive impairment 

additional assessments 

(n=114) 

Completed baseline frailty 
and cognitive assessments 

(n=99) 

Eligible for follow-up 

(n=87) 

Completed 3-month 
follow-up (n=71) 

(30-Clinic; 41-Telephone) 

Completed 12-month 
telephone follow-up 

(n=61) 

• Ineligible (n=78) 
- Age (n=27) 
- Conservative Mx (n=31) 
- Other (n=20) 

• Patient declined (n=42) 
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not reach statistical significance (p=0.087). Caution is required in 
interpreting these results as fewer patients with frailty attended 
face-to-face clinic follow-up at 3 months (8 frail (21%) vs 23 non-
frail (47%)). 

Frailty was associated with consistently worse disability, 
mood, QoL and cognitive function assessment scores at baseline, 
3-month and 12-month follow-up (Figure 2 and Table 4). Barthel 
index scores worsened slightly over 12 months for both frailty and 
non-frailty groups (p<0.001). Individuals without frailty had a greater 
improvement in both VascuQoL and EQ-5D-5L scores at 3 months 
but little further change at 12 months, whilst those with frailty saw 
further improvement in QoL scores at 12 months. The time trends 
for the improvement in VascuQoL scores (p<0.001), EQ-5D-5L 
values (p=0.001) and EQ visual analogue scale (p=0.001) were 
statistically significant, but there was no difference in time trends by 
frailty status. Individuals without frailty had an improvement in 
HADS anxiety scores at 3 months that was lost by 12 months, 
whilst those with frailty demonstrated little change at 3 months but 
an improvement at 12 months. This difference in trends in HADS 
anxiety scores over 12 months was the only statistically significant 
interaction of frailty status and time (p=0.014). Sensitivity analyses 
showed no difference in results. 

Investigation of frailty trajectory was only possible using the 
CFS, as the EFS cannot be completed via telephone. Forty-four 
patients were classified as non-frail (CFS <4) at baseline. Of these, 
two had died and 10 (23%) had transitioned to frail (CFS >5) at 12 
months (missing data for eight patients) (Table 5). Conversely, of 43 
patients classified as frail (CFS >5) at baseline, eight had died and 
five (12%) had transitioned to non-frailty (CFS <4) at 12 months 
(missing data for nine patients). Mean (SD) age at baseline was 
older in those classified as frail by the CFS at 12 months (74.7 
(10.0) years vs 67.2 (9.0) years; p=0.003). Those transitioning from 
non-frailty to frailty were older than those who remained non-frail at 
12 months (mean (SD) age 76.7 (8.1) years vs 67.8 (9.4) years) 
whilst those transitioning from frailty to non-frailty were younger 
than those who remained frail at 12 months (mean (SD) age 64.3 
(7.2) years vs 73.7 (10.9) years). 

Table 2 Breakdown of frailty scores at baseline by both Edmonton frail scale and clinical frailty scale 
 
Edmonton frail scale                                                                                     Clinical frailty scale 
 
No frailty*                      38 (38)                 No frailty                                                  No frailty*                            8 (8)                       No frailty 

Vulnerable†                    16 (16)                 (EFS 0–7)               
54 (55)

                       Vulnerable†                         42 (42)                   (CFS 1–4)               
50 (51)

 
                                                                                                                                                                                                      
Mild frailty‡                    23 (23)                 

Frailty
                                                      Mild frailty‡                         32 (32) 

Moderate frailty§             13 (13)                 (EFS 8–17)             45 (45)                        Moderate frailty§                  15 (15)                   
Frailty

                    49 (49) 

Severe frailty‖                 9 (9)                                                                                    Severe frailty‖                      2 (2)                       
(CFS 5–9)

               
                                                                                                                                                                                 
                                                                                                                                                                                 
 

 

Data are presented as n (%). 
*No frailty: EFS score 0–5; CFS score 1–3.   †Vulnerable: EFS score 6–7; CFS score 4.   ‡Mild frailty: EFS score 8–9; CFS score 5.  
§Moderate frailty: EFS score 10–11; CFS score 6.   ‖Severe frailty: EFS score 12–17; CFS score 7–9. 

CFS, clinical frailty scale; EFS, Edmonton frail scale. 

Table 3 Baseline characteristics of patients by frailty status 
 
                                                 No frailty         Frailty             P value† 
                                                 (EFS 1–7)        (EFS 8–14) 
                                                 (N=54)            (N=45)             

Age                                                 72.1±9.9            72.6±10.9          0.844 

Female                                            8 (15)                14 (31)              0.052 

Diabetes                                          30 (56)              20 (44)              0.271 

CCI score*                                       1 (0–2)              2 (1–4)              <0.001 

Hb (g/dL)                                         137.3±17.0         124.4±19.8        <0.001 

Smoking history                                                                                 
    Never                                          5 (9)                  11 (25)               
    Stopped                                       36 (67)              25 (56)              

0.108
      

    Current                                        13 (24)              8 (18)                

No of medications                             7.2±3.1              9.1±3.1             0.003 

Bilateral CLTI                                    5 (9)                  5 (11)               0.092 

WIfI stage                                                                                          
    1                                                 6 (14)                3 (9)                  
    2                                                 13 (30)              11 (33)              0.824 
    3                                                 16 (36)              11 (32)               
    4                                                 9 (20)                9 (26)                

MoCA score*                                   26 (25–28)         23 (16–27)        <0.001 

SPPB score                                      6.8±3.6              2.9±2.4             <0.001 

Max grip strength (kg)                       33.8±10.5          25.4±11.6          <0.001 

Initial procedure                                                                                 
    Endovascular                                31 (57)              17 (38)               
    Hybrid/open surgery                     17 (31)              18 (40)               
    Major amputation                          2 (4)                  2 (4)                 0.393 
    Minor amputation/debridement       1 (2)                  1 (2)                  
    Procedure delayed/cancelled          3 (6)                  7 (16)                
 
Data are presented as n (%) or mean±SD unless otherwise stated.  
P values in bold are statistically significant. 
*Data presented as median (IQR).  
† χ2 test for categorical data, t-test for normally distributed continuous data, or Kruskal–Wallis 
test for skewed continuous data. 

CCI, Charlson comorbidity index; CLTI, chronic limb-threatening ischaemia;                          
EFS, Edmonton frail scale; Hb, haemoglobin; MoCA, Montreal cognitive assessment;              
No, number; SPPB, Short Physical Performance Battery; WIfI, Wound, Ischaemia, and             
Foot Infection. 
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Figure 2 Time trends in assessment score by frailty status (adjusted predictions of the interaction of frailty and time from repeated 
measures mixed models with 95% confidence intervals). 
 

Table 4 Assessment scores at each study visit by frailty status 
 
                                         No frailty (EFS 1–7)                                             Frailty (EFS 8–14)                                                   P values 
                            Baseline        3 months       12 months               Baseline        3 months        12 months               Frailty†        Time‡         Interaction§  

Barthel index* 
 

HADS 
  Anxiety 
  Depression 

VascuQoL 

EQ-5D-5L 

EQ VAS 

MoCA-BLIND* 

 
Data are presented as mean±SD unless otherwise stated.  
P values in bold are statistically significant. 
*Data presented as median (interquartile range). Results from repeated measures mixed models (restricted maximum likelihood): †association of frailty with assessment score across all time points; 
‡association of change in assessment score over time among all patients; §association of interaction of frailty and time with assessment scores (change in assessment score over time by frailty status). 

EFS, Edmonton frail scale; HADS, Hospital Anxiety and Depression Scale; MoCA, Montreal cognitive assessment; VAS, visual analogue scale; VascuQoL, Vascular Quality of Life Questionnaire.  
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Associations of frailty with survival and major amputation at one-year 
At 12 months, 10 patients (11%; 7 frail, 3 non-frail) had died and 11 patients 
(13%; 5 frail, 6 non-frail) had undergone a major amputation. There was a trend 
towards worse survival among those with frailty (Figure 3), but this was not 
statistically significant (p=0.086). Increasing age (HR 1.13, 95% CI 1.04 to 1.24; 
p=0.007) was independently associated with 12-month mortality on multivariable 
analysis, whilst frailty was not  (HR 4.04, 95% CI 0.80 to 20.40; p=0.090). There 
was no association of frailty with major amputation at 12 months (SHR 0.62, 95% 
CI 0.16 to 2.46; p=0.498) on multivariable analysis. 
 
Discussion 
This study represents a detailed investigation of frailty in patients with CLTI. 
Around half had frailty at baseline, consistent with previous research.27 Frailty was 
strongly associated with comorbidity, polypharmacy, cognitive impairment, 

Table 5 Transitions in frailty state by CFS 
 
Baseline        3 months                              12 months 
 
 
 
 
 
 
 
 
                                                                                                                                                                                 
                                                                                                                                                                                 
 

 

Data are numbers of patients.  CFS, clinical frailty scale. 

No frailty (CFS 1–4)       27 
                                    
                                    

Frailty (CFS 5–9)           10 
                                    

Unknown                      5 
                                    

Died                             2 

 

No frailty (CFS 1–4)        19 
Frailty                            2 
Unknown                       6 

No frailty (CFS 1–4)        2 
Frailty                            8 

No frailty (CFS 1–4)        3 
Unknown                       2 

–                                  – 

 

Figure 3 Kaplan–Meier curves for overall survival over 1-year follow-up 
stratified by frailty status. 
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–                                  – 
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Frailty  
(CFS 5–9) 
n=43 

disability and lower limb dysfunction, as well as worse 
mood and QoL. This is anticipated given their 
contribution to both the phenotype and cumulative 
deficit models of frailty, and the EFS includes direct 
assessment of these domains.1,2,8,26 The results 
demonstrate the interrelatedness of frailty with both 
disability and comorbidity in the context of CLTI, as 
reported in other populations of older adults.8 The 
EFS (which includes timed up-and-go test) had 
reasonable agreement with the CFS in identifying 
frailty but classified a higher proportion of patients as 
‘no frailty’ than ‘vulnerable’ (Table 2). Those with frailty 
(by EFS) also had significantly lower grip strength. 
These findings suggest that the EFS score is not 
unduly influenced by CLTI-related lower limb 
dysfunction and support its validity as a frailty 
assessment in those with CLTI. This is an important 
finding given concerns regarding overestimation of 
frailty in CLTI patients by measures (such as the EFS) 
that include assessment of mobility.28 

Importantly, this study is novel in describing the 
interactions of frailty status, disability and QoL over 
time following intervention for CLTI. There were 
modest improvements in QoL scores at 12 months 
among those with and without frailty. A recent meta-
analysis also showed a small to moderate 
improvement in QoL over time in those with CLTI.29 
Patients with frailty had significantly worse anxiety and 
depression scores at baseline but showed modest 
improvement over 12 months, whilst those without 
frailty showed little change. These findings 
demonstrate that those with frailty still have a QoL 
benefit from revascularisation despite worse QoL at 
baseline. There was also an overall trend of worsening 
disability scores across all patients, and nearly a third 

O
ve

ra
ll 

su
rv

iv
al

 (%
)

0

25

50

75

100

Months post intervention
0 3 6 9 12

49 
38

Number at risk

No frailty Frailty

47 
36

46 
32

46 
32

46 
31

No frailty 
Frailty

Log-rank p=.086

No frailty 
(CFS 1–4) 
n=44

JVSGB-101 Houghton.qxp_Layout 1  23/05/2024  09:55  Page 7





















































www.jvsgbi.com

J.Vasc.Soc.G.B.Irel. 2024;3(3):163-165 
http://doi.org/10.54522/jvsgbi.2024.122

CASE REPORT  
 

A case of classic Kaposi’s sarcoma masquerading as 
a vascular malformation  
Howroyd LR,1 Milroy C,2 Ray S,3 Morgan R,1 Ratnam LA1 

GREAT BRITAIN & IRELAND

Journal of 

VASCULAR SOCIETIES

1. Department of Radiology, 
St George’s University 
Hospital NHS Foundation 
Trust, London, UK 

2. Department of Plastic 
Surgery, St George’s 
University Hospital NHS 
Foundation Trust, London, UK 

3. Department of Vascular 
Surgery, Kingston Hospital 
NHS Foundation Trust, 
Galsworthy Road, Kingston 
upon Thames, UK 

 

Corresponding author: 
Lucy-Rose Howroyd   
Department of Radiology, 
St George’s University Hospital 
NHS Foundation Trust, 
London SW17 0QT, UK  
Email: rose.howroyd@ 
stgeorges.nhs.uk  
 
 
Received: 29th January 2024 
Accepted: 15th April 2024 
Online: 1st May 2024 

 

Abstract 
A 45-year-old man presented with painful lumps 
on his right foot. Imaging suggested a vascular 
malformation and the patient was referred first 
to a vascular surgeon, then to a specialist 
vascular malformation centre. MRA and catheter 
angiography confirmed a high flow lesion. 
However, there was clinical and radiological 
suspicion that an alternative diagnosis was 
possible. Biopsy confirmed the lesions to be 
Kaposi’s sarcoma. Arteriovenous malformations 
and Kaposi’s sarcoma can appear almost 
identical clinically and radiologically, so 
histological analysis is important if there are any 
doubts about the diagnosis.  
 
Case report  
A 45-year-old man presented with a painful lump 
on his right foot, which had been slowly increasing 
in size over approximately 9 months and was 
interfering with his daily activities. He was a 

marathon runner and had stopped running due to 
the pain. There was no past medical or family 
history of note and he had never smoked. He was 
born in Tunisia and emigrated to the UK.     

An ultrasound requested by the primary care 
doctor described an arteriovenous malformation 
(AVM) and he was referred to a vascular surgeon 
at a district general hospital, who found a 
lobulated subcutaneous mass including soft and 
fibrotic areas and attributed the pain to repeated 
thrombosis (Figure 1). He was recommended 
daily aspirin, an MRA of his foot was requested 
and he was referred to a specialised unit dealing 
in vascular malformations for consideration of 
sclerotherapy.  

The MRA (Figure 2) showed distinct but 
communicating lesions with arterial supply and 
early venous drainage, suggestive of an 
arteriovenous lesion. A specialist multidisciplinary 
team (MDT), consisting of dermatology, vascular, 
diagnostic and interventional radiology experts, 
considered the lesions too high flow (ie, arterial) 
for sclerotherapy and recommended a diagnostic 
angiogram with a view to possible endovascular 
embolisation.  

Key words:  Kaposi’s sarcoma, arteriovenous 
malformation, Bluefarb syndrome

Figure 1 Photograph of right foot showing painful growing lumps on the medial aspect of the foot.  
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The diagnostic angiogram (Figure 3) showed abnormal feeding 
arteries and early venous pooling. Embolisation was not felt to be 
appropriate due to the high risk of resultant tissue loss and the case 
was rediscussed in the specialist MDT. Concerns were raised 
regarding the diagnosis as the lesions had multiplied and were felt 
to be disproportionally painful since the initial presentation. The 
decision was made to perform a biopsy prior to any further 
treatment. Microscopy showed spindle cells with mild atypia, 
scattered lymphocytes and extravasation of red blood cells. 
Staining with human herpes virus 8 (HHV8) was strongly positive. 
The biopsy was diagnostic of Kaposi’s sarcoma. 

The patient was seen in an oncology clinic, now with multiple 
lumps on his foot and one on his shin. A viral panel showed he was 
HHV8 positive and HIV negative. A CT scan of his thorax, abdomen 
and pelvis showed no concerning lymph nodes or visceral lesions. 
Radiotherapy was not considered to be appropriate due to the 
number of lesions and the patient was commenced on a course of 
chemotherapy (pegylated liposomal doxorubicin). The patient 
completed eight cycles of chemotherapy but, unfortunately, he 
presented again 6 months later with new lesions in his foot for 
which he is currently being restaged.  

   
Discussion 
Vascular malformations encompass a wide spectrum of lesions. 
A fundamental radiological classification is whether the lesion is 
high or low flow,1 which can be further expanded based on flow 
dynamics and cellular features.2    

AVMs are vascular malformations resulting from developmental 
defects of the arterial and venous vasculature. They affect any 
organ, most commonly the head and neck (specifically the most 
frequent are intracranial AVMs) followed by the extremities. The 

exact aetiology is unclear. To our knowledge, there are no published 
data regarding the incidence of peripheral AVMs. The incidence of 
intracranial AVMs is around 1–10/100,000.3–5 

Although AVMs are thought to be present at birth, if they are 
deep or slow growing the patient may not present until adulthood. 
AVMs can be solitary or multifocal, and usually are slow growing but 
can grow rapidly. They often present with pain and swelling and can 
be red/blue/purple in colour.  

Kaposi’s sarcoma is a low-grade vasoformative/ 
angioproliferative neoplasm (sarcoma is a misnomer) associated 
with HHV8, also known as Kaposi’s sarcoma-associated herpes 
virus (KSHV).6–8 There are four main subtypes of Kaposi’s sarcoma: 
classic, endemic (observed in sub-Saharan Africa), epidemic (AIDS 
related), and iatrogenic (transplant related).  

Classic Kaposi’s sarcoma is what was originally described by 
Kaposi in 1872,9 a cutaneous tumour affecting primarily the skin 
over the lower legs and feet in a multifocal and classically 
symmetrical distribution. Kaposi’s sarcoma often occurs in older 
males of Mediterranean (such as Tunisian) or Central/Eastern 
European ancestry. It is likely multifactorial with one factor being 
that HHV8 infection rates are substantially higher in these parts of 
the world.10–12 Additionally, it is thought that people with classic 
Kaposi’s sarcoma are born with a genetic/immunological 
vulnerability to the HHV8 virus.6,7,13,14 Transmission routes of HHV8 
are not fully understood, but both vertical and horizontal 

Figure 2 MRA of right foot. Lateral ankle view showing several 
lesions with arterial supply and early venous drainage.   
 

Figure 3 Right lower limb angiogram. Lateral ankle view showing 
several arteriovenous connections in the right foot arising from 
the plantar arch with rapid venous drainage. 
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transmission are established and it is thought to be via bodily fluids 
including saliva.8,15  

The incidence rate of classic Kaposi’s sarcoma in the UK is 
thought to be around 0.014/100,000 person-years.16 However, in 
Sardinia the incidence rate was estimated at 1.58/100000 person-
years.17  

Classic Kaposi’s sarcoma is characterised by the appearance of 
purplish, reddish blue or dark brown/black macules, plaques and 
nodules on the skin. The lesions vary from very small to several 
centimetres in diameter. They can remain unchanged for months to 
years or may grow rapidly and can be accompanied by 
contemporaneous mucous membrane and visceral lesions.  

It is well established that the cutaneous manifestation of 
Kaposi’s sarcoma and an AVM can be similar.18–22 Most cases 
reported in the literature are of ‘pseudo-Kaposi's sarcoma’, also 
eponymously called Stewart–Bluefarb syndrome, where the patient 
is initially thought to have classic Kaposi’s sarcoma and it is 
discovered to be an AVM. Indeed, to our knowledge there is only 
one case report describing a case of Kaposi’s sarcoma which was 
initially thought to represent an AVM.21 It is unusual for these cases 
to be presented in vascular journals and therefore vascular 
clinicians may not be aware of this diagnostic pitfall.  

This case report serves to highlight to those involved in the 
patient’s journey that these two conditions can be almost 
indistinguishable both clinically and radiologically. If there is any 
uncertainty in the history, examination or imaging, then a biopsy 
and histopathological analysis should be obtained prior to any 
definitive treatment. The treatment of the two conditions is very 
different and diagnostic delay can have detrimental consequences 
for the patient.  
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• Kaposi’s sarcoma occurs in patients other than 
immunosuppressed/HIV positive patients.  

• Arteriovenous malformations and classic Kaposi’s 
sarcoma can be clinically and radiologically 
indistinguishable.  

• Biopsy and histopathological assessment are crucial to 
differentiating between the two if there is any 
diagnostic uncertainty.  
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Abstract 
Ectopic thyroid tissue is a rare developmental 
abnormality, typically presenting with midline 
ectopia due to incomplete embryological 
migration via the thyroglossal duct. The 
presence of ectopic thyroid tissue lateral to the 
midline is very rare, accounting for 1–3% of all 
ectopic thyroid tissue. Clinically, these lesions 
are often mistaken for other diagnoses including 
enlarged lymph nodes or metastatic tumours. 
We present a case of lateral ectopic thyroid 
tissue presenting as a presumed carotid body 
paraganglioma in a middle-aged woman. The 
patient presented with a slow-growing lateral 
neck mass which was clinically and 
radiologically consistent with a carotid body 
paraganglioma. She subsequently underwent 
tumour excision after which histological analysis 
identified ectopic thyroid tissue with no 
evidence of malignancy.  
 
Background 
Embryologically, the thyroid gland begins 
development at the third week of gestation.1 It is 
derived from the fusion of a large median anlage 
and two lateral anlages. The median anlage, 
which produces the follicular cells (making up the 
majority of the thyroid parenchyma), arises first as 
an endodermal growth from the second 
pharyngeal arch.2 This growth is known as the 
thyroid diverticulum. The thyroid diverticulum then 
descends caudally down the midline until the 
eighth gestational week when it reaches its final 
destination, sitting anterior to the trachea and 
larynx.3 This line of migration is known as the 
thyroglossal duct. The two lateral anlages, which 
produce the parafollicular C cells, are derived 

from the fourth pharyngeal pouch. They migrate 
to fuse with the posterior surface of the median 
anlage during its descent in the fifth week of 
gestation.2,4     

In contrast, the carotid body, which sits within 
the adventitial layer of the carotid bifurcation, is 
derived from the mesoderm of the third 
pharyngeal arch and the neural crest ectoderm. 
Tumours of the carotid body arise from the 
paraganglioma cells. There is no known 
relationship between the carotid body and the 
thyroid gland.5 

Ectopic thyroid tissue (ETT), defined as 
thyroid tissue not located anterolaterally to the 
second to fourth tracheal cartilages,6 was first 
described by Hickman in 1869 when a newborn 
suffocated as a result of a lingual thyroid causing 
upper airway obstruction.7 Since then, multiple 
cases of ETT have been reported. Typically, as 
with Hickman’s case, the ETT is found in the 
midline due to incomplete descent of the median 
anlage. The presence of ETT lateral to the midline 
is rare, likely due to dysembryogenesis in the 
migration of the lateral anlage.4 Due to their rarity, 
these are often clinically misdiagnosed as 
enlarged lymph nodes, metastatic tumours8 or, as 
in our case, carotid body paragangliomas. Even 
with modern imaging it can be difficult to 
differentiate ETT from other pathology such as 
carotid body paraganglioma and therefore many 
are only diagnosed after surgical excision and 
histological analysis.9 

   
Case presentation 
A woman in her 50s presented with a right-sided 
lateral neck mass which had been present for a 
few months and was associated with mild 
discomfort, but no disturbance to speech or 
swallowing and no symptoms of thyrotoxicosis. 
Examination revealed a solitary firm mass in the 
right anterior triangle with no overlying skin 

Key words:  ectopic thyroid, carotid body tumor, 
paraganglioma
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changes and no lymphadenopathy, consistent with a provisional 
clinical diagnosis of carotid body paraganglioma. An ultrasound 
scan (Figure 1) of the neck identified a well-defined hyperechoic 
mass at the right carotid bifurcation, and a subsequent CT scan 
(Figures 2 and 3) revealed a 51 mm hyper-enhancing mass 
straddling the carotid bifurcation, sitting 17 mm inferior to the skull 
base, described as consistent with a carotid body tumour. There 
was no evidence of any pathological lymphadenopathy and the 
upper aerodigestive tract appeared normal. The presence of a 
thyroid gland in the normal orthotopic position was also noted. 
Based on these findings, the mass was initially diagnosed as a 
carotid body paraganglioma and the patient was scheduled for 
endovascular embolisation followed by surgical resection. All pre-
procedure haematological and biochemical investigations were 
normal. Previous thyroid function tests were within normal ranges. 

During the endovascular embolisation the angiogram showed 
modest hypervascularity relating to the mass. The three largest 
feeder vessels were embolised and this resulted in a 70–80% 
reduction in the lesion’s ‘blush’. 

Intraoperatively, the tumour was encountered at the level of the 
carotid bifurcation and complete excision was performed. The 
tumour encased the carotid arteries but was easily resectable, with 
no invasion of the adventitia. An enlarged jugulodigastric lymph 
node lying superficial to the tumour was also excised. 

Histological analysis showed lobulated thyroid with marked 
necrosis and haemorrhage, in keeping with embolisation. There 
were no features to suggest malignancy from the primary lesion or 
lymph node. The final diagnosis of ETT was made.  

During the initial postoperative period the patient developed left 
arm weakness. This was initially investigated and treated as a 
potential cerebrovascular accident; however, a CT and MRI showed 

no evidence of any infarct. There were no further concerns from the 
vascular team prior to discharge. The total length of stay was 10 
days. 

Follow-up at four weeks confirmed the patient was recovering 
well, with no further neurological symptoms and recovery of most of 
her arm function. The wound had healed well and there were no 
symptoms of hypothyroidism and thyroid function tests were 
normal. 
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Figure 1 Ultrasound scan of the neck (right) showing a mass at 
the level of the carotid bifurcation. 
 

Figure 2 CT neck image (axial view) showing a mass at the level 
of the right carotid bifurcation. 

Figure 3 CT neck image (sagittal view) showing a mass at the 
level of the right carotid bifurcation.   
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Discussion 
ETT is a rare embryological abnormality with a prevalence of 
1/100,000–300,000.1 Typically, it occurs along the median path of 
migration as a lingual thyroid (80–90% of cases) or thyroglossal 
cyst (5–15% of cases) secondary to incomplete descent or 
obliteration of the thyroglossal duct.4 Ectopic tissue lateral to the 
midline is rare, accounting for only 1–3% of all ETT. The most 
accepted hypothesis for its development is failure of the lateral 
anlage to fuse with the medial anlage and non-migration of the 
gland.4,5,10 Mutations in a number of transcription factors (NKX2-1, 
PAX8, FOXE1 and TSHR) associated with definition and migration 
of the developing thyroid are recognised causes of thyroid 
dysgenesis.11 These are often tested for in patients with congenital 
hypothyroidism, which is associated with thyroid dysgenesis and 
ectopy. However, previous biochemistry showed our patient to be 
euthyroid and therefore this was not examined.    

Where reported, 70% of lateral ETT are located in the 
submandibular region or, less commonly, near the carotid sheath.4 
There have been only six previously reported cases of ETT at the 
carotid bifurcation.5,9,12–15 Other unusual locations of ETT include 
the mediastinum, chest and abdomen.12 

The clinical presentation of our patient was similar to those in 
previously reported cases – namely, a slow-growing asymptomatic 
mass. However, on retrospective review it was noted that our 
patient’s preoperative CT scan identified a thyroid gland located in 
the normal orthotopic position. In cases of lateral ETT, only 41% 
have also had a thyroid gland in the normal orthotopic position. 
However, it is noteworthy that a further 24% had another site of 
thyroid tissue located elsewhere such as a lingual thyroid. In 
comparison, a second site of thyroid tissue was seen in only 25%  
of those with ectopic lingual thyroids.4 

Given this, it is important to consider the functional effects when 
excising ETT. It has been reported that, in 70–80% of cases, ETT 
may be the only functional tissue5 and therefore excision can lead to 
irreversible hypothyroidism. This was not the case in this instance. 
The simultaneous finding of lateral ETT and a normally located 
functional thyroid gland is extremely rare.5,16 

Even with modern imaging techniques it can be difficult to 
discriminate lateral ETT from other diagnoses including carotid 
body tumours, and therefore management is often via first-line 
excision biopsy. Consequently, ETT is often only diagnosed after 
histological analysis.4,9 When ETT is suspected, technetium-99 or 
iodine-131 scintigraphy are not only important diagnostic 
investigations but may also demonstrate the presence or absence 
of normally located or other functional thyroid tissue.4,16 
Somatostatin receptor scintigraphy such as octreotide scans or 
68Ga-DOTATATE PET scans are often used to diagnose 
neuroendocrine tumours, including paragangliomas. However, 
uptake of octreotide and 68Ga-DOTATATE within thyroid goitres, 
and in a case of ETT, has also been reported.12,17 

Albeit rare, ETT is an important differential to consider given the 
risk of irreversible hypothyroidism. Others have highlighted the 

importance of combined investigations such as CT, MRI, 
scintigraphy (somatostatin receptor, technetium-99 or iodine-131) 
and fine needle aspiration cytology to give a higher sensitivity and 
specificity when investigating a lateral anterior triangle neck 
mass.4,12,16  
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Abstract 
Capnocytophaga canimorsus is a rare cause of 
bacteraemia, occurring usually after dog bites, 
and can have devastating consequences for 
patients. This report describes the case of a 
65-year-old woman who presented acutely 
unwell 6 days after being bitten on the hand by 
a dog. She suffered consequences of 
overwhelming sepsis, disseminated 
intravascular coagulation and bilateral acute 
limb ischaemia requiring bilateral major lower 
limb amputations. C. canimorsus-associated 
sepsis is extremely rare, but early (prophylactic) 
antibiotic treatment after a dog or cat bite could 
prevent serious complications associated with 
this bacterium.  
 
Introduction 
Capnocytophaga canimorsus is a Gram-negative 
bacterium that is part of the normal gingival flora 
of both dogs and cats. When humans are 
infected, C. canimorsus can lead to fulminant 
sepsis. The most common cause of human 
infection with C. canimorsus is from a dog or cat 
bite. Patients most susceptible to this infection 
are immunocompromised patients, those who 
have had a splenectomy or those with a history of 
heavy alcohol use.1 With doubling of dog bite-
related admissions between 1998 and 2018, 
more patients are likely to be admitted with this 
bacterial infection.2 A case of fulminant C. 
canimorsus sepsis from a dog bite leading to 
disseminated intravascular coagulation (DIC) and 
eventual bilateral major limb amputation and 
ultimately death is described.      

Case report 
A 65-year-old woman was admitted via 
ambulance with confusion and reduced 
consciousness on a background of being bitten 
by a dog on the left hand 6 days prior. The patient 
had known small sub-threshold abdominal aortic 
and iliac aneurysms with a past history of two 
caesarian sections and a hysterectomy. She was 
a current smoker of 30–40 cigarettes per day, but 
did not have a history of alcohol excess and lived 
independently. On initial assessment she was 
hypoxic with an 8 L oxygen requirement and a 
Glasgow Coma Scale score of 12/15. Her initial 
blood results showed a platelet count of 17,000 
per μL (normal range 150,000–400,000 per μL), 
lactate 3.3 mmol/L (normal range 0.5–2.2 
mmol/L), C-reactive protein 254 mg/L (normal 
range <5 mg/L), a high D-dimer (greater than 
measurable) and a prolonged clotting time. A dog 
bite was noted on the left wrist which was small 
but deep and, although the wound showed signs 
of healing, there was surrounding erythema. 
During her initial assessment there were no issues 
noted with her limb perfusion. Following blood 
cultures, she was started on treatment for sepsis 
(presumed secondary to community acquired 
pneumonia) and transfused with platelets for 
thrombocytopenia, considered due to sepsis-
related DIC.  

Twenty-four hours into her admission there 
were concerns about her feet becoming 
ischaemic. She was assessed overnight; no foot 
pulses were clinically palpable, hand-held doppler 
signals were absent on the left but audible over 
the right dorsalis pedis and posterior tibial 
arteries. A heparin infusion was initiated for acute 
limb ischaemia after discussion with a 
haematology consultant, due to risks of 
complicating her coagulopathy. An urgent CT 

Key words:  Capnocytophaga canimorsus, 
disseminated intravascular coagulation, 
amputation

170 VOLUME 3 ISSUE 3 MAY 2024

106 Jones.qxp_Layout 1  23/05/2024  10:14  Page 1



A rare case of a dog bite leading to bilateral lower limb amputations. Jones AE et alCASE REPORT

angiogram showed no arterial flow in the lower limb crural 
circulation below the left mid-calf or right ankle. A vascular 
consultant review documented bilateral insensate feet with fixed 
mottling and no ankle/foot movement in the ankles, concluding that 
the left leg and possibly the right leg were unsalvageable. At this 
stage her initial blood culture result flagged positive and, although 
no organisms were cultured, the presence of possible intracellular 
organisms in the blood film were noted. Later analysis of the culture 
by 16S rRNA polymerase chain reaction (PCR) confirmed the 
organism as likely to be Capnocytophaga canimorsus (there was 
no growth on direct or enrichment culture) (Figure 1-4). 
Microbiological opinion was sought and the antibiotic treatment was 
escalated to meropenem, linezolid, clarithromycin and gentamicin. 
Due to the risk of operating given concurrent thrombocytopenia, a 
multidisciplinary discussion between the vascular surgeon, 
haematologist and intensivist was arranged. She underwent left 
above-knee amputation and right below-knee amputation 3 days 
into admission.  

The patient was stepped down to the ward from the intensive 
care unit 3 days postoperatively and was deemed medically fit for 
discharge 7 days postoperatively. The patient was finally discharged 
to a community rehabilitation hospital nearer to her next of kin 2.5 
weeks postoperatively. Unfortunately, the patient became unwell 
9 days after discharge (<4 weeks postoperatively) and was re-
admitted to hospital where she died on the day of admission. A 
post mortem found the cause of death to be (1a) pulmonary 
embolism and (1b) deep vein thrombosis of the right leg.  

 
Discussion 
Infection with C. canimorsus is rare. A national surveillance study in 
the Netherlands in 2011 showed an incidence of 0.67 cases per 
million per year,3 with only one of the 32 bacteraemic patients 
requiring bilateral lower limb amputation. A 2022 review described 
207 cases of C. canimorsus infection, 22 of which included 
irreversible digit or limb ischaemia as a complication.4 Furthermore, 
a retrospective review of patients in a Helsinki ICU cohort between 
2005 and 2014 found 65 patients with C. canimorsus 
bacteraemia,5 all of whom were in contact with dogs but only 37% 

had a history of a dog bite, suggesting that patients can become 
infected from close contact as well as a physical break in the skin. 
This study also found that the most commonly affected body 
system was coagulation (94%), with three of the 65 patients 
requiring lower limb amputation for tissue necrosis. A review of 484 
laboratory-confirmed cases found that patients can present with 
severe sepsis/septic shock, gangrene of digits or extremities, 
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Figure 1 Blood film from patient. 
 

Figure 2 Capnocytophaga blood agar 2 days (from Gloucester 
Royal Hospital Microbiology Library). 

Figure 3 Capnocytophaga sp blood agar (from Gloucester Royal 
Hospital Microbiology Library). 
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meningitis and endocarditis and found a fatality rate of 26%. Major 
lower limb amputation secondary to acute limb ischaemia is 
therefore a relatively rare consequence of this infection, but septic 
shock and DIC have a high mortality rate.6,7     

C. canimorsus is a highly virulent bacterium due to its catalase 
and sialidase production, as well as gliding mobility, cytotoxin 
production and unique lipopolysaccharide.7  

On review of the patient notes, the dog bite was mentioned in 
the initial clerking but it was not documented as the presumed 
source of sepsis until the blood culture result was known. The 
patient had already been initiated on piperacillin-tazobactam and 
clarithromycin from the start of the admission, which are acceptable 
treatments for C. canimorsus, therefore it is difficult to know 
whether earlier recognition of the source of the sepsis would have 
improved the outcome in this case. However, had the patient been 
initiated on a penicillin-based antibiotic at the time of the dog bite, 
this might have prevented her presentation to hospital in a severely 
unwell state 6 days after the dog bite. Furthermore, this case 
highlights the importance of further analysis of blood cultures using 
16S rRNA PCR when there is a clinical suspicion of C. canimorsus 
without growth on initial direct or enrichment culture.   

 

Conclusion  
C. canimorsus is a rare cause of sepsis in humans, occurring 
usually after bites or licks to the skin from dogs or cats. It has 
severe complications as demonstrated by this case, therefore early 
treatment with antibiotics for dog or cat bites as a prophylactic 
measure could prevent life-changing or even fatal consequences.   
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• Capnocytophaga canimorsus is a rare cause of sepsis 
in humans which is usually caused by dog or cat bites. 

• C. canimorsus can lead to sepsis and disseminated 
intravascular coagulation that can cause acute limb 
ischaemia. 

• Early recognition and treatment with appropriate 
antibiotics after dog or cat bites can prevent serious 
consequences of this infection.

KEY MESSAGESFigure 4 Capnocytophaga carbol fuchsin (from Gloucester Royal 
Hospital Microbiology Library). 
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A National Study of Peri-operative Smoking Cessation in Vascular Surgery 
Suzanne Harrogate,1, 2 Jonathan Barnes,3 Josie Watts,4 Ava Lorenc,4 Leila Rooshenas,4 Robert Hinchliffe,4,5 Ronelle Mouton2,4 
1Elizabeth Blackwell Institute, University of Bristol, Bristol, UK; 2 Department of Anaesthesia, North Bristol NHS Trust, Bristol, UK; 
3 Department of Anaesthesia, University Hospitals Bristol and Weston NHS Foundation Trust, Bristol, UK; 4 Department of Population 
Health Sciences, Bristol Medical School, University of Bristol, Bristol, UK; 5 Department of Vascular Services, North Bristol NHS Trust, 
Bristol, UK 

Background  
Smoking is the biggest cause of preventable illness worldwide1 and 
is associated with increased peri-operative morbidity.2 Over 30% 
of patients awaiting vascular surgery smoke, far higher than the 
general population.3  
Aims 
To explore smoking-cessation strategies currently offered to 
vascular surgery patients and to identify barriers and facilitators 
to the provision of peri-operative smoking-cessation practices. 
Method 
We designed a survey exploring anaesthetists’ knowledge, beliefs, 
and practice regarding smoking cessation in patients awaiting 
vascular surgery. The survey was piloted with 9 participants from 
2 centres. After refinements, it was distributed to Vascular 
Anaesthesia Society of Great Britain and Ireland (VASGBI) 
members by email. Inductive thematic analysis of free text 
responses was used to identify codes, which were subsequently 
grouped into themes.  
Results 
We received 93 responses from anaesthetists representing 46 out 
of 67 vascular networks. Although most vascular anaesthetists 
(84%) ask patients about smoking, only 53% regularly recommend 
smoking-cessation, and only 12% regularly provide specific 
smoking-cessation interventions. Most anaesthetists (57%) have 
no formal training in smoking-cessation interventions while 77% 
are not familiar with the current NICE smoking-cessation guidance. 
Anaesthetists who had been formally trained had mostly 
undertaken self-directed learning in Very Brief Advice (34%).  

In keeping with research evidence and institutional guidance, 
most anaesthetists surveyed believe that any degree of 
preoperative smoking-cessation is beneficial (82%). However, belief 
in the detrimental impact of smoking-cessation before surgery 
persists: 15% agreed with the statement that smoking cessation 
“too close” to surgery is harmful, while 7% felt that perioperative 
use of nicotine replacement therapy could cause harm. 

Respondents described barriers they felt prevented them from 
implementing smoking-cessation interventions periopertively, and 
facilitators of good smoking-cessation practice. Themes identified 
from these responses are listed in table 1, alongside exemplar 
codes. Themes for barriers were system barriers, lack of patient 
motivation, patient circumstances, addiction, and barriers to the 
patient-doctor discusson. System barriers, such as lack of time and 
resources, was the most commonly coded theme. Themes for 
facilitators were threat and risk, family and environment, nicotine 
replacement therapy (NRT), and “who and how”.  
Conclusion 
Despite a high smoking prevalence in patients awaiting vascular 
surgery, there is a variation in smoking-cessation practice between 
anaesthetists across the vascular networks. Only half of vascular 
anaesthetists regularly recommend smoking-cessation to their 
patients. Most are not familiar with NICE smoking-cessaiton 
guidance, and few have any formal training in the delivery of 
smoking-cessation interventions. Where it exists, training is 
predominantly self-directed. Organisational factors and lack of 
patient willingness are significant barriers to the provision of 
effective smoking cessation support, while access to NRT and a 
clear, protocolised approach (the “who and how”) were facilitators 
of good practice.   
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Table 1 Inductive thematic analysis of facilitators and barriers to good peri-operative smoking-cessation practice described by vascular 
anaesthetists 
 

Themes 

Who and how 
 
 
 
 
 
 

Nicotine replacement and            
pharmacotherapy 
 

Threat and risk 
 
 

Family and environment 

Codes 

Long term support from clinicians 
Whole team approach 
Clinician knowledge 
Clinician attitude e.g. relatable and non-judgemental  
approach, compassion 
Protocols 
Follow up support as necessary 

Nicotine replacement therapy 
Vaping/e-cigarettes 
Accessibility of pharmacological interventions 

Use risk to motivate 
Patient knowledge and education of risk 
Make smoking cessation compulsory 

Involve family/carers 
Hospital as a place where smoking cessation is 
likely/enforced 

Quotes 

“easy…dedicated referral process” 
“standard protocol” 
“Engage yourself. These are your patients” 
“GP buy in” 
 
 
 

“explain that nicotine is not as harmful as tobacco” 
“easily available NRT” 
 

“quantify personal risk for that particular patient” 
“making pt understand they can influence their outcome” 
“make it a requirement for surgery” 

“family support and input” 
“peer group” 
“Barriers to leaving the hospital to smoke” 

Facilitators

Themes 

System barriers 
 
 
 
 

Lack of patient motivation 
 
 

Addiction 
 
 

Barriers to patient-doctor             
discussion 
 

Patient circumstance 
 

Codes 

Lack of time 
Lack of resources 
Timeliness 
No chance for follow-up  
Stop people smoking on hospital grounds 

Neutral e.g. motivation, willing 
Negatively frames e.g. patient refusal, unwillingness, 
entitlement, apathy 

Addiction/habit 
Nicotine replacement therapy and alternatives 
Patient knowledge of alternatives 

Clinician reluctance e.g. worried about losing rapport 
Clinician lack of knowledge of interventions 
Psychological concerns for patient 

Family 
Poverty 
Environment 
Patient knowledge 
 

Quotes 

“It’s too late”  
“apathy – patients allowed to smoke outside the front 
doors” 
“funding…has vanished” 
“no ownership of the problem” 

“patients don’t want to quit” 
 
 

“breaking a lifelong habit is tough” 
 
 

“too few professionals risk the discussion” 
“patients are very anxious about surgery” 
 

“the patient then goes home…the cues haven’t changed” 
“smoking is the one luxury that many of my patients have” 
 

Barriers

The development of a Vascular Post Anaesthesia Care Unit (PACU) in the Royal Victoria Hospital, Belfast -  
Our experiences and outcomes to date 
Colin Munn,1 Sinead McGuirk2  
1 ST7 Anaesthetist, RVH Belfast, Northern Ireland; 2 Consultant Anaesthetist, RVH Belfast, Northern Ireland 

Background  
High risk non-cardiac surgery represents 12.5% of all surgical 
procedures, however it accounts for a disproportionate rate of peri-
operative morbidity and mortality.1,2 Vascular surgical patients in 
particular represent a complex patient cohort undergoing high risk 
surgery. Belfast is one of the busiest tertiary vascular units in the 
UK, performing over 50 elective open AAA repairs in 2021 despite 
the COVID pandemic. Our traditional model of care has been to 
admit these patients to our regional intensive care unit (RICU) post 
operatively which has ultimately led to patient cancellations and 

reduced theatre efficiency due to lack of elective capacity. 
Following on from the Bengoa Report, the Review of Surgery in 
Northern Ireland report was published in 2022. One key 
recommendation was the development of enhanced post 
anaesthesia care for our high risk patients in order to reduce 
complication and cancellation rates and to minimise the existing 
burden on services through improved theatre efficiency, reduced 
length of hospital stay and reduced burden on critical care, which 
currently operates at a greater than 95% bed occupancy rate.3  
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Observational analysis of the affect of national lockdown on the cardiopulmonary fitness of patients being 
assessed for aortic surgery 
Ian JB Young,1 Mysoon Alabdah,1 Anna Dickson,2 Euan McGregor1  
1 Department of Anaesthesia, Critical Care and Pain Medicine, Royal Infirmary of Edinburgh, Edinburgh, UK.  
2 The University of Edinburgh. 

Background  
Since 2010, all patients assessed for open or endovascular aortic 
surgery at the Royal Infirmary of Edinburgh undergo 
cardiopulmonary exercise testing (CPET) as part of their 
preoperative assessment. The role of CPET in preoperative 
assessment is built on three premises. First, that training         
improves cardiopulmonary fitness.1 Second, that improved 
cardiopulmonary fitness is reflected in better CPET performance. 
Third that better CPET performance is reflected in better operative 
outcome.2 

That training improves cardiopulmonary fitness is well 
demonstrated in athletic training. Broadly however, the patients we 
see do not do a lot of regular training. They are reliant on activities 
of daily living for the majority of their daily exercise.  

With this in mind, we thought the period of national lockdown 
associated with the SARS-CoV-2 pandemic might provide an 

interesting observational window into whether, if you legislate to 
curtail activities of daily living, do our patients perform less well in 
CPET.  
Aims 
We wished to observe the impact of national lockdown on the 
cardiopulmonary fitness of those assessed for aortic surgery at the 
Royal Infirmary of Edinburgh (RIE). We hypothesised that 
behavioural changes during this time might negatively affect 
cardiopulmonary exercise testing (CPET) results. 
Method 
We performed a retrospective observational analysis on 714 
patients undertaking CPET in the vascular pre assessment clinic at 
the RIE. 486 patients assessed before lockdown between January 
2010 and December 2015, 110 assessed closely following 
lockdown between July 2021 and August 2022, and 118 assessed 
after lockdown between August 2022 and May 2023. We 

VASGBI 2023 Brighton oral presentation abstractsABSTRACTS

Aims 
We set about establishing PACU by defining our key goals, which 
were to ensure the new unit provided time limited, enhanced, 
intermediate level care within our pre-existing recovery unit for 
elective patients.  
Methods 
A local steering group was formed including management, medical 
and nursing teams. We put in place governance structures and 
commenced a pilot scheme where one vascular surgical patient per 
week was identified for admission into PACU. Alongside our pilot we 
developed a standard operating procedure, drafted a successful 
business case for submission to the Department of Health NI, 
devised a user friendly booking system and data collection 
procedures. Following a hugely successful pilot scheme and release 
of funding we have now expanded to facilitate four PACU beds per 
day across all surgical specialties, with multidisciplinary input.   
Results 
Our results have demonstrated a positive impact across numerous 
quality indicators. Vascular theatre efficiency has improved, 
particularly for those undergoing open AAA repair or aorto-
bifemoral bypass surgery where there has been a 66% reduction in 
delays prior to surgery commencing due to lack of ICU bed 
capacity, and a subsequent 50% reduction in vascular theatre 
session over-runs, thus increasing capacity for other vascular 
procedures. There has also been a 50% reduction in patient 
cancellations due to lack of ICU capacity for those undergoing 

open AAA or ABF repair. Our impact on critical care has also been 
noted with a significant reduction in planned vascular admissions, 
translating into reduced bed pressures through an estimated saving 
of 3 critical care beds per week. We have also demonstrated a 
reduction in high dependency outliers within our recovery ward 
which has further improved theatre and recovery flow. We are 
providing safe care to our PACU patients, with an escalation rate to 
critical care of only 2% and no reported adverse incidents to date. 
This has been achieved in a cost effective manner, with a PACU 
bed costing approximately 10% of a critical care bed per 24 hour 
period. Feedback from patients and staff alike has been very 
positive.  
Conclusion 
In summary, we have shown that our PACU service is delivering 
safe, quality care to a complex surgical cohort whilst improving 
theatre efficiency, reducing cancellations and the burden on our 
critical care department.    
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compared maximal oxygen consumption ml/kg/min (VO2), oxygen 
consumption at anaerobic threshold ml/kg/min (AT), and ventilatory 
efficiency at anaerobic threshold (VE/VCO2). These values are all 
associated with postoperative survival after aortic surgery.3 Analysis 
was performed in R version 4.2.2. Values are mean (SD).   
Results 
Pre, affected by, and post lockdown groups were similar at baseline. 
Mean group age (68-70), BMI (27-28), Resting heart rate (77-81), 
Resting blood pressure (124/74-130/79). The group affected by 
lockdown showed evidence of a statistically significant reduction in 
VO2 (14.7(4.3) vs 16.3(4.2) p < 0.001), AT (10.4(2.3) vs 11.7(2.5) 
p < 0.001), and increase in VE/VCO2 (38.0(7.6) vs (34.0(5.6) p < 
0.001) compared to the pre lockdown group (figure 1). When 
compared to average CPET results for patients attending vascular 
pre assessment at the RIE, these differences represented a 12 
centile shift in VO2, 17 centile shift in AT, and 21 centile shift in 
VE/VCO2 (figure 2). These differences had dissipated in the group 
assessed at least one year post lockdown.  

Conclusion 
This retrospective observational cohort shows a significant reduction 
in key markers of cardiopulmonary fitness following the period of 
national lockdown. While absolute differences may appear small, 
they represent a 10-20 centile shift when compared to the 
population of patients who attend the RIE in the context of 
assessment for aortic surgery. In these data the observed difference 
did not persist more than one year after national lockdown. Fitness is 
maintained by activities of daily life. When these are constrained by 
public health measures, we should be cognisant of the impact on 
patients preparing for surgery and continue to encourage 
prehabilitation where possible.    
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Figure 1 Bar and scatter plots showing the observed change in cardiopulmonary exercise testing values seen in association with the 
national lockdown, in patients being assessed for aortic surgery. 
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Annual Specialist Registrar  
Educational Programme  

(ASPIRE Digital)

The Annual Specialist Registrar Educational Programme (ASPIRE) supports the education and  
development of trainee vascular surgeons throughout their eight years of training, which in turn 
compliments the national curriculum. The Vascular Society Education and Training Committee  
develops, manages and delivers the ASPIRE programme. 

The Vascular Society GB&I continue to deliver education via the ASPIRE Digital platform. This has 
resulted in an overwhelming response, and provided a growing resource of education for vascular 
surgeons.

Each of the recorded sessions are included on the Vascular Society members’ website. 
Here’s a list of sessions that are readily available for members of the VS website:   

ALL YOU NEED TO KNOW  
To access the above resources, visit the Education section on the  
Vascular Society members’ website www.vascularsociety.org.uk

• Management of the Diabetic Foot Attack  

• Surgical management of CLTI  

• Battle for claudication - exercise vs 
angioplasty  

• Current Management of Acute Aortic 
Syndrome  

• Principles of major lower limb amputation 

• How to write a paper  

• Strategies for Vascular Trauma  

• EVAR planning  

• Concept of angiosomes  

• Tips and tricks for safe open AAA repair  

• Renal Access  

• Mesenteric ischaemia  

• Carotid Disease Management - Symptomatic 
and Asymptomatic  

• Upper limb ischaemia  

• Management of the infected groin  

• Managing the rupture AAA - building a team 
approach  

• TOCS  

• Why should I consider a career in academic 
vascular surgery?  

• Management of acute / chronic deep venous 
disease  

• Open management of complex AAA  

• Options for treating superficial venous reflux  

• Endovascular management of complex 
aortic disease v2  

• Iliac intervention - How I do it 

• NOTS in vascular surgery  

• Radiation Safety in the Hybrid Suite  

• New assessments for a new curriculum: 
The multi-consultant report  

• A renal access MDT  

• Optimisation of older vascular surgery 
patients  

• Key aspects from the new European Venous 
Guidelines  

• Paediatric Vascular Surgery 

• Aortic MDT 

• Through – knee amputation 

• Thoracic Aortic Disease 

• Everything you need to know about to 
manage AAA except how to fix them 

• ASPIRE Digital Fellowships - How to get one, 
what to get out of it 

• Management of the left subclavian artery in 
complex aortic interventions 

• The foot in diabetic foot disease - 
biomechanics and operative approaches 
to manage clinical problems 

• New Developments in Vascular Access 

• Thoracic Aortic Disease 

• Through Knee Amputation 
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