
356 - Editorials
5. Granholm A, Alhazzani W, Møller MH. Use of the GRADE

approach in systematic reviews and guidelines. Br J

Anaesth 2019; 123: 554e9

6. Peace KE, Chen D-GD. Clinical Trial Methodology. Boca

Raton, FL: CRC Press; 2010

7. O’Donnell CM, BlackN,McCourt KC, et al. Development of a

Core Outcome Set for studies evaluating the effects of

anaesthesia on perioperative morbidity and mortality

following hip fracture surgery.Br J Anaesth 2019; 122: 120e30

8. Moonesinghe SR, Jackson AIR, Boney O, et al. Systematic

review and consensus definitions for the Standardised

Endpoints in Perioperative Medicine initiative: patient-

centred outcomes. Br J Anaesth 2019; 123: 664e70

9. Barnes J, Hunter J, Harris S, et al. Systematic review and

consensus definitions for the Standardised Endpoints in

Perioperative Medicine (StEP) initiative: infection and

sepsis. Br J Anaesth 2019; 122: 500e8

10. Einav S, Ippolito M, Cortegiani A. Inclusion of pregnant

women in clinical trials of COVID-19 therapies: what have

we learned? Br J Anaesth 2020; 125: e326e8

11. Leslie K, Story DA, Diouf E. Out of Africa: three general-

isable lessons about clinical research. Br J Anaesth 2018;

121: 700e2
12. Conradie A, Duys R, Forget P, Biccard BM. Barriers to

clinical research in Africa: a quantitative and qualitative

survey of clinical researchers in 27 African countries. Br J

Anaesth 2018; 121: 813e21

13. Aldrich JRA. Fisher on Bayes and Bayes’ theorem. Bayesian

Anal 2008; 3: 161e70

14. Ferreira D, Barthoulot M, Pottecher J, Torp KD,

Diemunsch P, Meyer N. Theory and practical use of

Bayesian methods in interpreting clinical trial data: a

narrative review. Br J Anaesth 2020; 125: 201e7

15. Ferreira D, Barthoulot M, Pottecher J, Torp KD,

Diemunsch P, Meyer N. A consensus checklist to help

clinicians interpret clinical trial results analysed by

Bayesian methods. Br J Anaesth 2020; 125: 208e15

16. Krishnamoorthy V, Wong DJN, Wilson M, et al. Causal

inference in perioperativemedicine observational research:

part 1, a graphical introduction.Br J Anaesth 2020; 125: 393e7

17. Krishnamoorthy V, McLean D, Ohnuma T, et al. Causal

inference in perioperative medicine observational

research: part 2, advanced methods. Br J Anaesth 2020; 125:

398e405
British Journal of Anaesthesia, 126 (2): 356e360 (2021)
doi: 10.1016/j.bja.2020.10.028
Advance Access Publication Date: 24 November 2020
© 2020 British Journal of Anaesthesia. Published by Elsevier Ltd. All rights reserved.

Revisiting postoperative complications after abdominal robot-
assisted surgery: applying the Core Outcome Measures in
Perioperative and Anaesthetic Care

Kim I. Albers1,2, Gabby Reijnders-Boerboom1,2, Christiaan Keijzer2, Gert-Jan Scheffer2,

Jan P. Mulier3 and Michiel C. Warl�e1,*

1Department of Surgery, the Netherlands, 2Department of Anaesthesiology, Radboud University Medical Center,

Nijmegen, the Netherlands and 3Department of Anaesthesiology, Intensive Care and Reanimation, AZ Sint-Jan Brugge-

Oostende, Bruges, Belgium

*Corresponding author. E-mail: Michiel.warle@radboudumc.nl
This editorial accompanies: Ventilation and outcomes following robotic-assisted abdominal surgery: an international, multicentre
observational study AVATaR Study Investigators, Br J Anaesth 2021:126:533e543, doi: 10.1016/j.bja.2020.08.058
Keywords: oxygen therapy; perioperative care; postoperative complications; postoperative outcomes; pulmonary; robot-

assisted surgery
In considering the Assessment of Ventilation during general

AnesThesia for Robotic surgery (AVATaR) study published in

the British Journal of Anaesthesia,1 wewould like to reflect on the

definition and clinical relevance of postoperative complica-

tions after abdominal robot-assisted surgery. Queiroz and

colleagues1 performed this substantial multicentre prospec-

tive clinical trial assessing postoperative pulmonary compli-

cations (PPCs) in 905 abdominal robot-assisted surgical
patients from 34 hospitals in nine countries. They concluded

that PPCs occur frequently (20%) in the first 5 days after

abdominal robot-assisted surgery, are not associated with

perioperative ventilator parameters, but are associated with a

longer hospital stay. An important concern with regard to

these findings is the clinical relevance of the surrogate

outcome ‘unplanned need for oxygen’, defined in the trial as a

PaO2 <60 mm Hg or SpO2 <92% in room air, or SpO2 <88% when
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prior pulmonary disease was present, as the reported 20% of

PPCs consisted of 18.7% unplanned need of oxygen and only

0.8% acute respiratory failure, 0.4% pneumonia, and 0.1%

acute respiratory distress syndrome.

Unplanned need of oxygen is considered a Grade I (‘any

deviation from the normal postoperative course without the

need for pharmacological treatment or surgical, endoscopic

and radiological interventions2) in the ClavieneDindo clas-

sification of postoperative complications. It is well estab-

lished that the inflammatory response to surgery is

accompanied by a temporarily higher tissue oxygen demand

and low mixed venous oxygen saturation,3 and that oxygen

therapy, not standardised in this study, increases oxygen

supply and pulse oximeter saturation.4 Whilst we agree that

in a fully awake (no residual sedative effects or influence of

opioids) patient without residual neuromuscular block, a

low arterial oxygen saturation is indicative of a pulmonary

problem, the influence of these factors was not eliminated,

which makes designation of the cause unreliable. Accord-

ingly, a transient oxygen supplyedemand mismatch does

not necessarily indicate a pulmonary problem. Moreover, a

local inflammatory response to surgery also induces remote

inflammatory reactions in the lung independent of the

ventilation approach.5

Surrogate outcomes are often easier to measure than true

endpoints, but carry the major pitfall of misrepresentation of

the outcome of interest. The Cochrane Handbook for Systematic

Reviews of Interventions stresses interpretation of surrogate

endpoints with great caution, as the effect of an intervention

may even be reversed for a surrogate compared with the

clinically relevant outcome.6 When investigating the influence

of ventilatory parameters on pulmonary outcomes, it is crucial

to distinguish if the observed hypoxaemia has a (partially)

pulmonary origin. Because of the tremendous heterogeneity in

outcomes across perioperative clinical trials, the Standardised

Endpoints in Perioperative Medicine (StEP) collaboration

developed a consensus definition of Core Outcome Measures

in Perioperative and Anaesthetic Care (COMPAC).7 Here, we

feature the clinical significance of applying these core

outcome measures in research regarding abdominal robot-

assisted surgery. To this end, we will illustrate the COMPAC

outcomes and their significance and application in perioper-

ative research, followed by the more general challenges of

robotic surgery.
Core Outcome Measures in Perioperative and
Anaesthetic Care

The StEP collaboration identified 12 outcome working groups

that have each performed an extensive literature review fol-

lowed by a Delphi consensus process to identify a compre-

hensive set of representative outcomes to assess quality and

interventions in perioperative care.7 We propose that these 12

categories can be ranked from critical to of limited importance

for clinical decision-making according to the Grading of Rec-

ommendations Assessment, Development and Evaluation

(GRADE) approach, as also adopted in systematic reviews of

the Cochrane collaboration (Fig. 1).8 Surrogate outcomes are

not included in these core outcomes, and their clinical sig-

nificance depends on the correlation with true endpoints.

The GRADE approach was deliberately designed to focus on

patient-important outcomes, which is why use of resources is

lower on the scale of importance than factors, such as quality
of recovery and (serious) complications. Of course, duration of

hospital stay and healthcare costs are certainly relevant from

a societal perspective. The respiratory COMPACworking group

identified four clinically relevant pulmonary complications

with a common pathophysiological mechanism of airway

collapse or contamination: (i) atelectasis detected on CT or

chest radiograph, (ii) pneumonia using the US Centers for Dis-

ease Control and Prevention criteria, (iii) acute respiratory

distress syndrome using the Berlin consensus definition, and (iv)

pulmonary aspiration (clear clinical history and radiological

evidence).9 After diagnosis, the complication is graded by

severity based on the amount of oxygen required or the need

for (non)invasive ventilation. The committee advises to

consider pulmonary complications with a different underlying

mechanism (e.g. pulmonary embolism, pleural effusion,

cardiogenic pulmonary oedema, pneumothorax, and bron-

chospasm) separately and only when relevant to the investi-

gated intervention.

The authors of the AVATaR study report that there was no

way to grade the PPCs or other complications, and did not

report the amount of oxygen that was needed. The majority of

patients received short- or long-acting opioids; thus, respira-

tory depression may have caused the need for oxygen. When

supplemental oxygen was part of routine care, which is often

the case in the PACU, it was not registered. Unplanned (non)

invasive ventilation was defined separately, so the need of

oxygen was mild to moderate in severity. Without a pulmo-

nary diagnosis, the clinical significance of this surrogate

outcome is low, as we do not know what we are observing.

Applying the COMPAC classification in study designs will

allow for higher quality and superior comparability between

trials.
Applying COMPAC in abdominal robot-
assisted surgery studies

Laparoscopic or minimally invasive surgery has become the

gold standard for many abdominal surgeries, as a faster recov-

ery and a decrease in perioperative morbidity with equal onco-

logical outcomes were shown for many procedures when

compared with open surgery.10 Robot assistance was intro-

duced to enhance theminimally invasive technique further and

allow for superiorvisionandgreater surgical precision.Whether

this translates to superior outcomes is still a point of debate.

This discussion was reintroduced by a negative trial from

Ramirez and colleagues11 in 2018, who reported a lower rate of

disease-free survival andoverall survival forminimally invasive

(laparoscopic and robot-assisted surgery combined) radical

hysterectomy compared with open surgery for cervical cancer.

In this light, we present and contemplate several important

reviews and trials in robot-assisted surgery that report on the

most critical outcomes in the COMPAC hierarchy of outcomes:

survival, organ failure, and cancer progression or recurrence.

This prospective randomised trial (n¼631) reported a 3 yr

disease-free survival of 91.2% for minimally invasive surgery

and 97.1% for open surgery, with a hazard ratio of 3.74 (95%

confidence interval [CI]: 1.63e8.58) for recurrence or death

from cervical cancer. Moreover, 3 yr overall survival was 93.8%

for minimally invasive surgery and 99% for open surgery, with

a hazard ratio of 6.00 (95% CI: 1.77e20.30) for death from any

cause. The initial primary outcome was 4.5 yr disease-free

survival with a planned enrolment of 740 patients. However,

the data safety monitoring committee prematurely ended the
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trial because of the higher mortality rate in the minimally

invasive surgery group. This difference was not attributable to

robotic assistance; only 15.6% of the minimally invasive sur-

gery group consisted of robot-assisted procedures, and the

authors found no significant between-group difference when

separating laparoscopy from robot-assisted surgery. So, why

was this crucial difference only discovered now? Is this sur-

gical procedure different from other abdominal surgeries, or

have cancer recurrence and mortality not been a primary

focus of laparoscopic vs open surgery trials until now? The

finding was confirmed in two large meta-analyses comparing

minimally invasive to open radical hysterectomy for early-

stage cervical cancer,12,13 where again no added (or

decreased) risk was found for robotic assistance. The 2020

National Comprehensive Cancer Network guidelines were

updated and now advise the use of an open abdominal

approach for radical hysterectomy in patients with cervical

cancer. A similar outcome difference was seen for conven-

tional laparoscopy vs robot-assisted surgery in gynaecological

surgery. A Cochrane review of patients undergoing hysterec-

tomy or sacrocolpopexy for malignant and non-malignant

diseases revealed that only one study reported on (in this

article, 30 day) mortality.14 Survival outcomes were not
reported and there was no comparative evidence on cancer

recurrence, which means non-inferiority and safety of robot-

assisted surgery were presumed based on a comparable

complication rate and not on outcomes more important in the

hierarchy.

The importance of a uniform and suitable outcome defini-

tion is illustrated by a meta-analysis from 2019 investigating

recurrence-free survival and progression-free survival in

robot-assisted vs open cystectomy.15 Satkunasivam and col-

leagues15 present data from five trials with a total of 560 par-

ticipants, with the majority enrolled in the Robot-Assisted

Radical Cystectomy Versus Open Radical Cystectomy in Pa-

tients with Bladder Cancer (RAZOR) trial (n¼350) from Parekh

and colleagues16 and a study by Bochner and colleagues17

(n¼118). The authors of the meta-analysis express concerns

regarding the reporting of cancer recurrence, as outcomes are

defined differently between studies. Despite no clear higher

likelihood in one group, they did find significant differences in

patterns of recurrence between robot-assisted and open

radical cystectomy. This may signify that these surgical

techniques affect cancer growth and metastasis in a different

way, although retrospectively comparing the short-term

follow-up of a new technique with the longer-term follow-up
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of an already-replaced technique can be problematic.18 Lastly,

it is important to realise that non-inferiority can diverge,

depending on the definition of the outcome (survival with or

without progression, overall or with a specific cause, and local

or overall relapse), but also tumour grade and cancer inva-

siveness are important factors to consider when deciding on

optimal surgical technique.

A 2018 meta-analysis on robot-assisted vs laparoscopic

surgery for rectal cancer reported on 23 studies, including a

total of 4348 patients. No significant differenceswere found for

3 yr overall and disease-free survival, overall recurrence,

metastatic recurrence, and local recurrence.19 A retrospective

study on lymph node dissection for low rectal cancer (n¼426)

confirmed this finding for 5 yr overall and relapse-free sur-

vival, but reported a lower 5 yr local relapse-free survival for

open dissection (90.9% vs 98.6% for robot assisted; P¼0.029).20

Ploussard and colleagues21 prospectively collected data for

2386 patients undergoing laparoscopic or robot-assisted

radical prostatectomy between 2001 and 2011, and concluded

an equal survival and overall short-term oncological outcome.

A subgroup analysis of pT2 tumours, however, showed lower

rates of positive margins (odds ratio: 0.396; P¼0.030) for robot-

assisted surgery, whereas this difference was not present for

pT3 tumours. The authors conclude that a longer follow-up is

justified for oncological outcomes. Compared with pharma-

cological interventions, there seems to be a considerable delay

(of smaller retrospective studies) before new or ‘improved’

surgical techniques are put to the test in sufficiently large and

high-quality RCTs that investigate the outcomes we are most

interested in. As Fernandes and Giulianotti22 concluded in

their 2013 review on robot-assisted pancreatic surgery, ‘the

prudency in waiting for more robust prospective trials before

considering such a platform as the “gold standard” is justified;

however, it is likely, as has happened in the past, that the surgical

community will accept it as standard practice before any prospective

randomized trial has been carried out’.
Learning curve and training

An important factor that must be discussed when evaluating

outcomes of robotic surgery is the pronounced presence of a

learning curve. Robotic surgery is not simply another version of

laparoscopic surgery, and skills do not naturally transfer be-

tween techniques. Handling of robotic instruments and tactile

tissueperception are different and require adequate training. So

much so that two recent studies identified that this learning

curve is a significant predictor for progression-free survival in

radical hysterectomy for the treatment of cervical cancer.23,24

Despite increasing use of robotic techniques, it is not yet prop-

erly embedded in surgical education programmes. A survey

across 240 Accreditation Council for Graduate Medical

Education-approved general surgery training programmes in

the USA reveals thatmost residents report having assisted in 10

or fewer robotic cases, often only with trocar placement and

docking and undocking of the robot. And 60% of respondents

indicate that they received no education or training before

participating in their first robotic case.25 Evidently, this insuffi-

cient training is seriously damaging to critical patient outcome

measures and should be addressed.
Anaesthetic challenges in robotic surgery

Compared with open and laparoscopic surgery, robotic sur-

gery comes with additional anaesthetic challenges
predominantly concerning positioning and restricted patient

access.26 Many robotic procedures require steep Trendelen-

burg position that does not only compromise respiratory and

cardiovascular function, but can also lead to vascular and

thromboembolic complications, airway, facial and cerebral

oedema, and peripheral neuropathies. Limited access to and

visibility of the patient once the robot is docked mean many

necessary precautions (padding and secure positioning), and

potentially required interventions (e.g. invasive lines) need to

be anticipated to prevent interruption of the procedure or se-

vere position- or compression-related complications.26 Expert

panel consensus recommendations for lung-protective venti-

lation were developed to optimise pulmonary function during

and after surgery.27

As clearly featured in the pulmonary COMPAC definition,

prevention of airway collapse and contamination is the key

goal. Thismeans attention to the consequences of positioning,

tidal volumes, PEEP, inspiratoryeexpiratory ratio, FIO2, alveolar

recruitment manoeuvres, and optimising the patient’s emer-

gence from anaesthesia to prevent atelectasis. The AVATaR

trial reports that lung-protective ventilation was used in two-

thirds of patients without further specification of components,

such as extubation, which may also explain why no associa-

tion was found between ventilatory parameters and PPCs. The

consensus recommendations provide guidance but concur-

rently emphasise the high number of influencing factors, such

as pre-existing lung disease, cardiovascular status, BMI, the

type of surgical procedure, and many others that call for a

tailored approach in every patient. Use of the robotic tech-

nique is one more factor in the anaesthesiologist’s decision-

making, where the combination of pneumoperitoneum with

extreme positioning demands additional pulmonary

consideration.
Conclusions

The currently available major trials and reviews on minimally

invasive and open surgery illustrate the importance of high-

quality prospective randomised clinical trials that investigate

themost important core outcomes in perioperative care. Well-

designed randomised studies can prompt critical changes in

treatmentdchanges that may be long overdue when there is a

considerable delay in evaluation of a treatment after imple-

mentation into daily clinical practice. Surrogate outcomes and

outcomes lower in the hierarchy do not necessarily represent

or translate to the outcomes ofmost interest. Results from one

type of abdominal surgery cannot automatically be extrapo-

lated to a different surgical procedure or underlying pathology.

The COMPAC hierarchy is eminently suitable to provide the

foundation for evaluation of existing research and for the

future design of higher-quality studies.
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