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Abstract

Background

Major surgery is associated with a post-operative stress response, changes in
cardiopulmonary reserve and increased metabolic demand. Here recovery after
abdominal aortic aneurysm is investigated using cardiopulmonary exercise testing and
patient reported health and activity questionnaires.

Methods

Patients undergoing open (n=30) or endovascular (n=30) aortic repair undertook a
cardiopulmonary exercise test, Duke activity score index and patient reported health
score questionnaires pre-operatively and at 8 and 16 weeks post-operatively.
Anaerobic threshold, peak oxygen uptake and ventilatory equivalents were measured
and haemoglobin concentration and renal function was recorded.

Results

Post-operatively patients showed impaired cardiopulmonary function characterised by
a fall in anaerobic threshold, peak oxygen uptake and oxygen pulse at 8 weeks which
normalised by 16 weeks. Certain changes seemed to be associated with operative

severity; the 8 week fall in peak oxygen uptake was greater following open versus



endovascular repair (3.5 vs. 1.6 ml/kg/min) and AT showed a similar tendency (3.1
vs. 1.7 ml/kg/min) . Reported health and activity scores did not show similar changes.
Conclusions

Open or endovascular aortic repair is associated falls in anaerobic threshold, peak
oxygen uptake and oxygen pulse at 8 weeks post-operative. The magnitude of the
changes may be linked to operative severity and resolve by 16 weeks. Thus at 8 weeks
post-operative there is a 15-20% reduction in these cardiopulmonary parameters
normalising by 16 weeks. During this post-operative period patients are at higher risk
and less able to cope with further metabolic demands such as a cardiac event,
chemotherapy, infection, or further surgery.
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Introduction

Major surgery is associated with a post-operative systemic reaction to surgical trauma
which is characterised by the activation of a range of endocrine, immune and
haematological responses [!l. The magnitude of the ensuing catabolic state induced by
surgery tends to be proportional to the severity of surgery and is accompanied by an

oxygen deficit which needs to be overcome to achieve recovery >/,

Recovery from surgery is a complex interplay of physiological, psychological and
socioeconomic processes which are active through a staged process which starts with
an energy dependent catabolic state and culminates in a return of control and normal
activity, and to the return of pre-operative wellbeing and fitness 4!, Patients tend to
define recovery as a return to normal functioning which is somewhat simpler, and
patients appear to be concerned more with the return to pre-operative physical fitness
and returning to work, rather than the length of their hospital stay and other

“clinically” related parameters [67),



Here we focus on the return to physical fitness during recovery from major surgery
using cardiopulmonary exercise testing (CPET). CPET provides an objective

[8-101 and is now established as a

assessment of cardiopulmonary fitness or reserve
useful tool in the determination of peri-operative risk such that patients with a poor
CPET result are at much higher risk of peri-operative cardiac morbidity and death®!.
The anaerobic threshold (AT) is important, this the point at which aerobic respiration

(9191 when measuring

is supplemented by anaerobic respiration to produce energy
oxygen uptake (VO.) during exercise, and it has the great advantage of objectivity!”.
Thus, patients with a low AT (<11 ml/kg/min) appear to be at high risk of
complications and death. Other CPET values also seem to be important and predictive

1151 "in particular the peak VO, and

of post-operative complications and mortality!
ventilatory equivalent for carbon dioxide (VE/VCO2) which gives a measure of lung
efficiency!'?l. The reason patients with poor cardiopulmonary reserve are at greater
risk appears to be associated with the systemic inflammatory response following
major surgery which markedly increases peri-operative oxygen demand by some 40-
50%!2!. Myocardial infarction and death are thought to arise from the inability of
patients with low cardiopulmonary reserve to meet this additional demand®3. Risk
stratification using CPET variables has been used to determine levels of care

following major surgery, successfully reducing peri-operative mortality in high risk

patients!'®],

The present study aimed to capitalise on the ability of CPET to provide an objective
measurement of physiological status, rather than its utility in risk prediction, to
characterise cardiopulmonary reserve pre- and post-operatively and thereby
characterise physiological recovery following aortic repair. As previously described
(17} CPET was combined with patient reported health status (PRHS) & Duke Activity
Scale Index (DASI) to characterise recovery following aortic aneurysm repair using

an endovascular or open approach.

Methods

Patients and Recruitment

Sixty patients undergoing abdominal aortic aneurysm (AAA) repair were recruited in
the vascular outpatient’s clinic or during pre-operative assessment between 2010 and

2015. Eighteen patients did not return to complete the study and forty two patients



went on to undergo endovascular aortic repair (EVAR, n=21) or open AAA repair
(n=21). The reasons for patients not returning at 8 weeks included refusal (EVAR
n=5; Open AAA n=5), infective complication (EVAR n=2; Open AAA n=3), bowel
obstruction (Open AAA n=1) and cardiovascular complication (EVAR n=1; Open
AAA n=1). The patients that left the study were not different from their respective
cohort in their pre-operative demographics, blood tests (haemoglobin (Hb), estimated
glomerular filtration rate (¢eGFR)), CPET parameters (AT, VO peak, VE/VCO) or
outcome measures (PRHS and DASI, independent t-test, data not shown).

Informed consent was obtained by a consultant or clinical research fellow trained in
Good Medical Practice. All patients received consultant delivered surgical and
anaesthetic care. The study received local ethical approval from our local Health
Research Authority, Bristol NRES Southwest, with restrictions that limited the study
design such that it was not possible to recruit consecutive patients. Patients over the
age of 18 years were considered for the study, with the following exclusions; Patients
that suffered post-operative complications or were considered inoperable, those
patients unable or unwilling to perform a CPET test or participate in the study, and
patients from outside the Bristol area for whom participation would represent a
significant burden. Approval also stipulated that patients not be re-tested within 4
weeks of surgery. The study incorporated patient safety pathways to identify patients
with potentially reversible cardiac or pulmonary morbidity; in such cases the surgeon
was informed and the patient referred to the appropriate specialty.
Cardiopulmonary exercise testing

Each patient underwent a CPET test between 3 days and 28 days pre-operatively
(median 8 days) conducted by a trained Consultant Anaesthetist and technician in
accordance with the American Thoracic Society and American College of Chest
Physician Guidelines '*]. Eighty nine percent of patients had a pre-operative CPET
within 2 weeks of the operative date. Thereafter, patients were invited to attend repeat
CPET test and routine blood tests in the 6-8 weeks post-operative (median 8 weeks,
range 7-9 weeks), to coincide with surgical follow-up and again 6-8 weeks later
(median 16 weeks; range 15-17 weeks) post-operatively. Of the forty two patients,
twenty one patients undergoing EVAR returned at 8 weeks and eleven patients at 16
weeks post-operative, whereas those undergoing open AAA repair twenty one
returned at 8 weeks and twelve patients at 16 weeks post-operative. Reasons for those

that did not return at 16 weeks included refusal (n=9), loss to follow-up (n=5),



exacerbation of prior medical condition (n=3), infection (n=1) and further unrelated
surgery (n=1).

Pre-operatively and at 8 weeks post-operative, routine blood tests of a full blood count
and renal function tests including estimated glomerular filtration rate (¢GFR) were
performed. Prior to each test patients were weighed such that CPET data was weight-
adjusted and each patient completed PRHS and DASI questionnaire. The following
demographic data was collected; age, sex, height, weight, smoking status, chronic
disease status (diabetes, hypertension, heart failure, ischaemic heart disease,
peripheral vascular disease, lung disease, cerebrovascular and other endocrine

disease).

CPET tests were conducted on a cycle ergometer (Ergoline P10) with continuous side
stream gas exchange analysis (nSpire Health, UK), as previously described ['°!. Each
patient was seated on the cycle ergometer connected to a 12 lead ECG, oxygen
saturation monitor and continuous non-invasive blood pressure cuff. Respiratory gas
exchange was measured from a tight-fitting facemask. An initial 2 minute period of
baseline data was collected at rest prior to a 90 second period of unloaded cycling. A
ramp protocol was then applied and the patient was instructed to aim to continue
cycling at a constant cadence of between 60-65 rpm. Patients were positively
encouraged to perform to their best prior to and during all of the exercise tests
performed. The test was terminated if the patient indicated that they could not
continue, if cadence fell below 55 rpm due to fatigue or dyspnoea, or they developed
abnormal cardiac signs or symptoms such as ischaemia or arrhythmia. The patients
were continually monitored for a recovery period of 2 minutes unloaded cycling
before finishing the test. Patients were kept under observation for a further 10 minutes

after the test prior to being discharged.

AT was determined following each test using the V-plot technique and confirmed by
ventilatory equivalents [°. VO, peak was measured as the highest VO, attained over a
30 second period at peak exercise. V-plots and ventilatory equivalents at AT were
calculated using the Zan 600 software (nSpire Health, UK). All CPET variables were
determined on the day of the test and then independently verified by two researchers

with CPET expertise and who were blinded to the operative intervention, PRHS and



DASI analysis. The researchers performing the tests were not blinded to the proposed

surgical group.

DASI and PRHS

The DASI is a self-reported questionnaire which scores daily activities and estimates
peak VO, 2% whereas the PRHS is a visual analogue scale from 0 to 100% health
status; here patients were asked to mark on the scale how well they felt on the day of
CPET testing, 100% being in the best health state and 0% being the worst health they
could imagine, as described 7],

Surgery

The majority (n=53) patients underwent infrarenal aneurysm repair, a small number
had juxta-renal AAA repair (Open AAA group, n=4; EVAR group n=1) and one
patient in each group had a suprarenal AAA repair (n=2). All patients received a
general anaesthetic, arterial and intravenous lines, those for open repair also had a
central line and an epidural for peri-operative analgesia. Peri-operative analgesia for
patients undergoing EVAR was achieved using intravenous opiate in recovery as
required and subsequently opiate and non-opiate oral analgesics. Non-steroidal anti-
inflammatories were avoided in both groups. Patients could eat and drink and were
supplemented with intravenous maintenance fluid. Patients were considered for
discharge once they were cardiovascular stable, voiding consistently (>0.5ml/kg/min)
with stable urea and electrolytes, tolerating food and fluids, and their pain was well

controlled. They were routinely followed approximately 8 weeks post-operatively.

Statistical analyses

Statistical analysis was performed independently by the Applied Statistics Group of
the University of the West of England. For an effect size of 0.67, or larger, (i.e. mid-
point medium effect size), a sample size of n=20 would have in excess of 80% power
to detect changes in AT (paired samples t-test, two sided, alpha = 0.05). Group
comparisons were analysed using the independent t-test. Paired analyses were made
using the paired sample t-test. Data is presented as mean + standard deviation (+ SD)
or median (range). Two sided tests of statistical significance were used throughout
and significance was taken as less than 5%. Proportions were compared using the

Chi-Squared test.



Results

The demographic data for each group is shown in Table 1. There were no differences
in the age, BMI, chronic disease status, pre-operative baseline blood results and
activity and health status scores. In terms of cardiopulmonary function pre-operatively
patients undergoing EVAR had a significantly lower AT and a tendency toward a
lower VO; peak and to a higher VE/VCO; compared with patients undergoing open
AAA repair (Table 1). Overall, the mean AT of the EVAR group was significantly
less than the open AAA group and there were a higher proportion of patients
undergoing EVAR with an AT < 11 ml/kg/min and who would be considered high
risk for major surgery compared to the open AAA group (Table 1).

Patients in both the EVAR group (n=21) and the open AAA group (n=21) returned at
8 weeks post-operative for repeat CPET, DASI, PRHS and routine bloods. At 8 weeks
post-operative there were significant reductions in peak VO2, AT, Oz pulse and Hb in
both surgical groups, however there were no changes in basal oxygen uptake observed
(Table 2). There was a small but significant fall in Hb post-operatively in both groups
(EVAR group from 14.4 £ 1.3 to 12.6 = 2 g/dl; open AAA group from 14.4 £ 1.9 to
11.9 £ 1.9 g/dl; p<0.01 paired t-test). The fall in VO, peak at 8 weeks post-operative
was significantly greater following open AAA repair when compared to that in the
EVAR group (VO2 peak: 3.5+2.7 vs 1.6 + 1.8 ml/kg/min, p<0.05 independent t-
test), a similar fall was also seen in AT which seemed to be greater in the AAA
compared to the EVAR group (3.1 + 1.8 vs 2.0 + 1.7 ml/kg/min) however this just
failed to reach statistical significance, (p=0.054 independent t-test) (Table 2).
Conversely, a significant fall in the maximum heart rate (MHR) achieved during
exercise was observed in the open AAA group but not in the EVAR group (AAA
group:120 + 16 bpm pre-operative vs 112 £+ 15 bpm at 8 weeks post-operative
(p<0.01, paired t-test) versus 119 + 26 bpm and 121 + 23 bpm in the EVAR group).
There were no changes in the DASI or PRHS observed between any of the time points

tested (0,8 and 16 weeks) in either of the surgical groups (Table 3).

Patients in both groups (Open n=12; EVAR n=11) returned at 16 weeks for a repeat
CPET, DASI and PRHS (Tables 3 & 4). At this time, the fall in cardiopulmonary

parameters observed at 8 weeks post-operative had resolved; VO» peak, AT, and O>



pulse were no different to pre-operative values, (Table 4), DASI and PHRS values

remained unchanged compared with values obtained at 8 or 16 weeks post-operative.

Discussion

This study examined the cardiopulmonary fitness and patient reported health and
activity scores of patients undergoing open or endovascular aortic repair. Pre-
operatively the demographics of each group were similar in terms of age, BMI, co-
morbidities, baseline blood tests (Hb and eGFR) and reported health and activity
scores (DASI and PRHS). However, there were differences with regard to their
cardiopulmonary reserve in that patients selected for EVAR, overall, had a lower AT
and contained a higher proportion of high risk individuals. This finding is reassuring
in that it conforms to current NICE guidance ['*! regarding the management of aortic
aneurysms; this states that patients with a higher risk and significant co-morbidities

should be considered for EVAR rather than open repair.

Post-operatively patients in both groups returned at 8 weeks for repeat
cardiopulmonary exercise testing and patient reported outcome questionnaires. The
study showed that at this time following either open or endovascular aortic repair
there is a significant decline in cardiopulmonary reserve. This decline is characterised
by a fall in AT, VO2 peak, Oz pulse and a relative anaemia compared with pre-
operative Hb measurements. However, there was no significant change in the PRHS
or DASI scores at 8 weeks post-operative. The reductions in the cardiopulmonary
parameters of AT and VO; peak observed following both EVAR and open AAA are
similar to those observed previously following live-related renal donation 7). Here
too a fall in AT, VO and Oz pulse was observed in the 7" post-operative week.
Similar to the present study, the changes are unlikely to be wholly a result of a peri-
operative fall in Hb since a change of 1g Hb is equivalent to only 0.39 - 0.97
ml/kg/min VO 2221, Thus within 8 weeks of an EVAR or open AAA repair, or renal
donation 7] both oxygen carrying capacity and delivery is impaired through a

L171 The magnitude of this

combination of anaemia and a process of deconditioning !
response appears to be related to the surgical severity of the operative procedure since
the change in VO2 peak at 8 weeks post open AAA repair was significantly greater

than that observed in the EVAR group and a similar trend was seen in AT at this time.

Factors which may contribute to this difference between the groups are the degree of



post-operative anaemia, which was slightly less in the EVAR group, and
cardiovascular differences; no reduction in MHR was observed in the EVAR group.
Although subtle, both of these factors will influence oxygen uptake and carrying

(231 The deconditioning process observed in both groups is likely contributed

capacity
and precipitated by elements of the surgical stress response Ml such as the activation of
the hypothalamo-pituitary adrenal and immune axes which precipitate
hypermetabolism and catabolism [*3], This may be further contributed by a perceived
reduction in quality of life, and a delay in mental health and physical health recovery
which occurs around this time post-operatively 4], Previously we have
demonstrated similar changes in peri-operative cardiopulmonary parameters

following live donor nephrectomy which were accompanied by parallel changes in
DASI and PRHS scores [!7], In the present study, whilst similar trends in these scores
were noted significant changes were not found. This may suggest that patients are
unaware of their peri-operative physiological status or merely reflect the diversity in

reliability and validity that exists between different patient reported outcome

techniques for AAA repair [,

Previous studies have shown that in the early post-operative period the surgical stress
response is associated with a 40-50% increase in basal VO, [?!. It is postulated that the
ability to cope with this increase in VO3 is critical to occurrence of major post-
operative complications, consequently patients with a low pre-operative AT are at a
much higher risk of major complications and death than those with a higher
ATBILI241619] ‘Thdeed, this principle underlies the risk stratification of patients

r 1161 In the present study

undergoing aortic surgery to open or endovascular repai
we showed that basal VO was not different to pre-operative values at 8 weeks post-
operative, suggesting that the observed early post-operative increases in basal VO, [?]
have normalised by this time post-operative. An overall fall of 20% in the AT was
observed at 8 weeks, which if present immediately post-operative, raises the
possibility that major complications after surgery arise not just because of a rise in
tissue oxygen demand [*27), but also a parallel reduction in the ability to cope with
that increased demand. This fall in AT after surgery also renders patients less capable
of handling a second insult and its consequent rise in oxygen demand, such as a

myocardial event, further surgical intervention or infection 22281,



By 16 weeks after aortic surgery, (open or endovascular) the changes in
cardiopulmonary parameters observed at 8 weeks had resolved to pre-operative
values. These findings in peri-operative cardiopulmonary reserve are similar to those

[17] and indeed, chemotherapy [*°]. They add

found following donor nephrectomy
further understanding to the recovery processes following major surgery and have
practical application in peri-operative counselling and setting expectations. This
knowledge also helps with individual discharge planning and provides a more
informed indication as to when they might be able to return to work which appears to

be important to patients 30321,

The findings of this and our previous study examining peri-operative
cardiopulmonary reserve following nephrectomy [!”) might also be helpful in
decisions around post-operative shielding **]. Recently it has been shown that 50% of
patients contracting severe acute respiratory system coronavirus 2 (SARS-CoV-2)
infection peri-operatively have pulmonary complications and a high mortality rate >4,
Numerous studies have shown that patients with poor cardiopulmonary reserve have
higher complication and mortality rates!®!!:12:14-16.19] ‘Tp the present study we
demonstrate that aortic surgery has a post-operative impact on cardiopulmonary
reserve which is present at 8 weeks post-operative and resolves by 16 weeks. If we
accept that risk is related to cardiopulmonary reserve then it follows that by virtue of
the post-operative fall in cardiopulmonary parameters such as AT, VO2 and O2 pulse,
patients have increased risk or vulnerability for a minimum of 8 weeks post-operative.
The patient’s ability to cope with the metabolic demands of a SARS-Cov-2 infection
during this time is likely to be significantly curtailed and may underlie the high
complication and infection rates seen with post-operative SARS-Cov-2 infection 4],
For aortic surgery the current Royal College of Surgeons (England) guidance
suggests a post-operative shielding period of 2 weeks, however findings of the present

study may indicate that a longer period of shielding might be safer.

There are obvious limitations to the present study. The stipulations of the ethics
committee limited the recruitment to the local patient population, dictating the study
design such that consecutive patients could not be recruited. This slowed the study
progression and limited numbers recruited. In this study 30% (18/60) individuals

dropped out of the study after the pre-operative evaluations. It is unlikely that this



resulted in a cardiopulmonary fitness selection bias as their pre-operative CPET
parameters were not different to those patients who went on to complete the study.
However, there may have been some psychological differences with these individuals
which may have influenced the PRHS and DASI scores. In this regard, the data
presented may not be generalisable to wider patient populations. In retrospect, it
would have been informative to have some indices of the activity of patients over the
study period to correlate with their reported activity and the CPET parameters
measured. However, it is encouraging that within each of the groups, individual
recovery profiles showed similar patterns of change over time and showed internal
consistency. Furthermore, the results concur with our previous study in live-related
renal donors ['7]. The study also benefits from a blind approach between measured

variables and CPET reporting, and the use of an independent statistician.

In conclusion, recovery from aortic surgery is associated with a reduced
cardiopulmonary reserve characterised by fall in AT, VO, peak and O; pulse at 8
weeks post-operatively and resolving by 16 weeks. The magnitude of the effect on AT
appears to be linked to operative severity in that it is significantly smaller following
EVAR. These data further characterise recovery from major aortic surgery and may

be helpful in decisions regarding discharge planning and post-operative shielding.



References

1.

10.

11.

12.

Desborough JP. The stress response to trauma and surgery. Br J Anaesth 2000;
85 (1): 109-117.

Older P and Smith R. Experience with the perioperative invasive measurement
of haemodynamic, respiratory and renal function in 100 Elderly patients
scheduled for major abdominal surgery. Anaesth Intens Care. 1988; 16:389-
395.

Shoemaker WC, Appel PL, Kram HB Role of oxygen debt in the development
of organ failure sepsis and death in high-risk surgical patients. Chest 1992;
102:208-15.

Allvin R, Berg K, Idvall E, Nillson U. Postoperative recovery: a concept
analysis. J Adv Nurs. 2007; 57:552-558.

. Lee L, Tran T, Mayo NE, Carli F & Feldman LS. What does it really mean to

“recover” from an operation? Surgery 2014; 155 (2):211-216.

Bergman S, Feldman LS, Mayo NE et al. Measuring surgical recovery: The
study of laparoscopic live donor nephrectomy. Am J Transplant. 2005; 5:
2489-2495.

Hiller J, Sroka M, Weber R, Morrison AS, Ratner LE. Identifying donor
concerns to increase live organ donation. J Transpl Coord 1998; 8(1):51-54.
Hennis PJ, Meale PM, Grocott MPW. Cardiopulmonary exercise testing for
the evaluation of perioperative risk in non-cardiopulmonary surgery.

PMJ 2011;87:550-557.

Wasserman K, Hansen JE, Sue DY, Stringer WW, Whipp BJ. Principles of
exercise testing and interpretation: including pathophysiology and clinical
applications. Lipincott, Williams & Wilkins, USA, 2005.

Gitt AK, Wasserman K, Kilkowski C et al. Exercise anaerobic threshold and
ventilatory efficiency identify heart failure patients for high risk of early death.
Circulation 2002; 106: 3079-3084.

Carlisle J, Swart M. Mid-term survival after abdominal aortic aneurysm
surgery predicted by cardiopulmonary exercise testing. Br J Surg. 2007; 94:
966-969.

Davies SJ, Wilson RTJ. Pre-operative optimisation of the high risk patient. Br
J Anaesth. 2004; 93 (1):121-128.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

NICE Guidance [NG156] Abdominal Aortic Aneurysms: Diagnosis and
Management.

https://www.nice.org.uk/guidance/ng156/chapter/Recommendations#repairing

-unruptured-aneurysms March 2020.

Nugent AM, Riley M, Megarry J et al. Cardiopulmonary exercise testing in
the pre-operative assessment of patients for repair of abdominal aortic
aneurysm. Irish J Med Sci. 1998; 167 (4): 238-241.

Wilson RTJ, Davies S, Yates D, Redman J, Stone M. Impaired functional
capacity is associated with all cause mortality after major intra-abdominal
surgery. Brit J Anaesth. 2010; 105: 297-303.

Older P, Hall A, Hader R. Cardiopulmonary exercise testing as a screening
test for peri-operative management of major surgery in the elderly. Chest
1999; 116: 355-362.

Angell J, Dodds N, Darweish-Medniuk AM, Lewis S, Pyke M, Mitchell DC,
Hamilton K, White P, Tolchard S. Characterising recovery from renal
transplantation and live-related donation using cardiopulmonary exercise
testing. Disabil Rehabil. 2019;10:1-7.

ATS/ACCP statement on cardiopulmonary exercise testing. Am J Resp and
Crit Care Med. 2001; 167(2): 211-277.

Tolchard S, Angell J, Pyke M, Lewis S, Dodds N, Darweish A, White P,
Gillatt D. Cardiopulmonary reserve as determined by cardiopulmonary
exercise testing correlates with length of stay and predicts complications after
radical cystectomy. BJU Int. 2015 115(4):554-61.

Struthers R, Erasmua P, Holmes K, Warman P, Collingwood A, Sneyd JR.
Assessing fitness for surgery: a comparison of questionnaire, incremental
shuttle walk, and cardiopulmonary exercise testing in general surgical patients.
BJA 2008; 101(6): 774-780.

Agostini P, Salvioni E, Debenedetti C et al. Relationship of resting
hemoglobin concentration to peak oxygen uptake in heart failure patients. Am
J of Haematol 2010; 85: 414-417.

Wright SE, Pearce B, Snowden CP et al. Cardiopulmonary exercise testing
before and after blood transfusion: a prospective clinical study. Br J Anaesth.

2014; 113: 91-96.


https://www.nice.org.uk/guidance/ng156/chapter/Recommendations#repairing-unruptured-aneurysms
https://www.nice.org.uk/guidance/ng156/chapter/Recommendations#repairing-unruptured-aneurysms
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tolchard%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25109512
http://www.ncbi.nlm.nih.gov/pubmed/?term=Angell%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25109512
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pyke%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25109512
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lewis%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25109512
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dodds%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25109512
http://www.ncbi.nlm.nih.gov/pubmed/?term=Darweish%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25109512
http://www.ncbi.nlm.nih.gov/pubmed/?term=White%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25109512
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gillatt%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25109512

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Tsilimigras D, Sigala F, Karaolanis G et al. Cytokines as biomakers of
inflammatory response after open versus endovascular repair of abdominal
aortic aneurysms: a systematic review. Acta Pharmacol Sinica. 2018; 39:
1164-1175.

Shan L, Saxena A, Goh D et al. A systematic review on the quality of life and
functional status after abdominal aortic aneurysm repair in the elderly patients
with an average age older than 75 years. J Vasc Surg 2019; 69: 1268-81.
Williamson WK, Nicoloff AD, Taylor LM et al. Functional outcome after
open repair of abdominal aortic aneurysm. J Vasc Surg. 2001; 33: 913-920.
Duncan R, Essat M, Jones G et al. Systematic review and qualitative evidence
synthesis of patient reported outcome measures for abdominal aortic
aneurysm. Brit J Surg. 2017; 104 (4): 317-327.

Lobo SM, Salgado PF, Castillo VG, et al. Effects of maximising oxygen
delivery on morbidity and mortality in high risk surgical patients. Crit Care
Med. 2000; 28: 3396-3404.

Rivers E, Nguyen B, Havstad T, et al. Early goal directed therapy in the
treatment of severe sepsis and septic shock. N Engl J Med 2001; 345: 1368-
1377.

West MA, Loughney L, Ambler G, et al. The effect of neoadjuvant
chemotherapy and chemoradiotherapy on exercise capacity and outcome
following upper gastrointestinal cancer surgery: an observational cohort study.
BMC Cancer 2016; 16(1): 710.

Bergman S, Feldman LS, Mayo NE et al. Measuring surgical recovery: The
study of laparoscopic live donor nephrectomy. Am J Transplant. 2005; 5:
2489-2495.

Hiller J, Sroka M, Weber R, Morrison AS, Ratner LE. Identifying donor
concerns to increase live organ donation. J Transpl Coord 1998; 8(1):51-54.
Arko FR, Hill BB, Reeves TR et al., Early and late functional outcome
assessments following endovascular and open aneurysm repair. J Endovasc
Ther. 2003; 10: 2-9.

Intercollegiate guidance for pre-operative chest CT imaging for elective
cancer surgery during the COVID-19 pandemic. RCSgng 2020;
https://www.rcseng.ac.uk/coronavirus/preoperative-chest-ct-imaging-

guidance/


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ambler%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27589870

34. Covid Surgical Collaborative. Mortality and pulmonary complications in
patients undergoing surgery with perioperative SARS-CoV-2 infection: an
international cohort study. The Lancet on-line. 2020;

https://doi.org/10.1016/S0140-6736(20)31182-X.



Table 1: Pre-operative base line demographics, cardiopulmonary parameters and

biochemistry for patients undergoing open (Open AAA) and endovascular (EVAR)

abdominal aortic aneurysm repair

Demographics, CPET parameters

and biochemistry Open AAA (n=30) | EVAR (n=30)
Median age (£ range) 70 (60-86) 72 (61-83)
Male : female 28 :2 28 :2

BMI (£5D) 28.3(5.9) 26.9 (4.5)
Hypertension 73% 83%
Diabetes 10% 13%

Active smoking status 30% 27%

Beta blockers 19% 13%

ASA 2/ ASA 3 (n) 25/5 23/7

Basal O: uptake (ml/kg/min (£SD)) 4.56 (1.0) 4.4 (1.3)
AT (ml/kg/min (£SD)) 12.6 (1.7)*** 11.1 (2.0)
Proportion with AT<11 3/30 (10%)* 15/30 (50%)
High risk individuals! 14/30 (47%) ¥¥¥ 26/30 (87%)
VE/VCO:2 (£SD) 31.1 (3.6) 32.7 (5.0)
VE/VO: (£SD) 34.4(5.9) 35.4(5.7)
Max Heart Rate (bpm (£SD)) 122 (16) 119 (24)
VO:2 Peak (ml/kg/min(£SD)) 16.2 (2.6) 15.5(3.2)
O: Pulse (ml/beat (SD)) 13.4(5.9) 13.5 (4.5)
¢GFR (ml/min/1.73m? (£SD)) 71 (17) 69 (14)

Hb (g/1 (£SD)) 14.4 (1.8) 14.2 (1.5)
DASI (£SD) 28.6 (6.0) 27.7(5.9)
PRHS (£SD) 77.3 (17.1) 81.0 (11.9)

'High risk defined as a CPET profile with one or more of VO, <16 ml/kg/min, AT<I1

ml/kg/min, VE/VCO2 >34 17,

Comparing means between AAA and EVAR groups,; ***P<(.005 Independent t-test.
Comparing proportions between groups; ¥ P<0.005 Chi-squared test.




Table 2. Changes (mean * SD) in cardiopulmonary parameters at 8 weeks

following aneurysm repair (n =42) by open (n=21) or endovascular (n=21)

approach.
Basal AT VO: Peak O: Pulse VE/VCO:
Oxygen (ml/kg/min) (ml/kg/min) (ml/beat)
Uptake
(ml/kg/min)
All patients (n=42)
Pre- 45 +1.2 122+1.9 16.6 3.0 14.0+3.7 32.6+4.7
operative
8 wk Post- | 4.0 £0.9 9.7+ 1.8*** 1 13.9+£3.0%** | 12.0+3.0*** | 33,7 +£5.3
operative
EVARs (n=21)
Pre- 45 +13 11.8+1.9 16.3+3.2 14.1+4.5 32.5+5.6
operative
8 wk Post- | 3.9 £0.9 9.7+ 1.6*** | 14.5+£2.9%*%* | 123+34** |334+£55
operative
Open AAA (n=21)
Pre- 4.6 £1.0 127+ 1.9 16.9+3.0 14.1+2.7 323+3.2
operative
8 wk Post- | 4.1 £0.9 9.5 £ 2. 2% 13.4£3.1%%*% | 11.9£2.8%** | 33.6£5.2
operative

AT, anaerobic threshold; VO; peak, peak oxygen uptake; VE/VCO,, ventilatory equivalent for carbon
dioxide; O; pulse, oxygen pulse; Hb, haemoglobin. P value refer to paired t-test (*,P<0.05; * P<0.01,

5 <().005) .




Table 3. Changes (mean = SD) in patient reported health (PRHS) and activity
(DASI) status at 8 weeks and 16 weeks following aneurysm repair by open or

endovascular approach.

Operation (n) Week Post- Health DASI
operative Status
All patients (n=42) | Pre-op 80.1£14.9 289+5.5
8 wk Post-operative | 77.3 £ 15.2 264 +£6.2
EVAR (n=21) Pre-operative 81.6 +12.3 294 +£55
8 wk Post-operative | 78.4 + 15.6 275+64
Open AAA (n=21) | Pre-operative 77.9+17.4 28.6+5.6
8 wk Post-operative | 76.0 £ 14.9 25.1+5.6
All Patients (n=23) | Pre-operative 83.3+10.3 309+3.9
8 wk Post-operative | 80.2 +15.0 282 +5.6
16 wk Post-operative | 89.1 + 14.5 31.1 £3.8
EVAR (n=11) Pre-operative 84.8+9.8 325+34
8 wk Post-operative | 81.7 +16.3 30.7£4.8
16 wk Post-operative | 94.0 + 7.9 31.8+3.2
Open AAA (n=12) | Pre-operative 81.5+11.0 29.1+£3.7
8 wk Post-operative | 78.5+13.9 255+53
16 wk Post-operative | 81.7 £ 19.6 30.1+4.6




Table 4. Changes (mean * SD) in cardiopulmonary parameters at 8 weeks and 16
weeks following aneurysm repair (n =23) by open (n=12) or endovascular (n=11)

approach.
Basal AT VO: peak O2 Pulse VE/VCO:
Oxygen | (ml/kg/min) | (ml/kg/min) (ml/beat)
Uptake
All patients (n=23)
Pre-operative 44+10 |12.6+1.8 17.7+2.8 14.5+3.8 322 £438
8 wk Post-operative 39+£08 | 99+1.6%* | 147£29%* |12.7+3.2 339 £58
16 wk Post-operative | 4.0+0.9 | 12.0 2.1 16.8+3.6 14.7+3.9 33.0 £4.7
EVAR (n=11)
Pre-operative 46+12 |124+£15 16.9+2.6 144+5.0 32.0£5.9
8 wk Post-operative 4.1+0.7 | 10.1 £ 1.6*** | 15.6 £2.8* 13.2+3.5 329+5.2
16 wk Post-operative | 4.2+1.0 | 12.8 + 1.8 17.9+£3.6 16.0 £4.8 33.0+54
Open AAA (n=12)
Pre-operative 41+£09 | 12.8+2.2 18.0+3.1 14.6+2.1 325 £3.5
8 wk Post-operative 3.8£1.0 | 9.7+ 1.8%** | 13,7+ 2.8*%* 12.2+3.0%* |349+6.4
16wk Post-operative 3.7£1.0 | 11.1 £2.1 156 £3.5 134+£2.2 33.0+4.1

AT, anaerobic threshold; VO; peak, peak oxygen uptake; VE/VCO,, ventilatory equivalent for carbon
dioxide; O; pulse, oxygen pulse; Hb, haemoglobin. P value refer to paired t-test (*,P<0.05; ™, P<0.01,

54 <(.005) .




