
wonders what the long-term DFS for this sub-group of extremely
premature babies that need laparotomy for NEC really is . . .

This scenario happens weekly at most tertiary university
medical centres, and the moral and ethical implications of po-
tentially producing not DFS, but massive disability survival
(MDS), are mindboggling. In my personal opinion the cut off for
DFS and NNS should be set at exceptionally low levels in this set-
ting, as if and when we produce MDS we subject patients and
their families to unwarranted suffering for extended periods of
time, sometimes decades. Although my main concerns are of an
ethical nature, one cannot shy away from the fact that creating
MDS is also associated with substantial and unnecessary eco-
nomic burden on various health care systems. It will also result
in negative consequences for other patients that cannot get fair
and timely care as a result of health care budget money wrongly
spent on producing MDS. We should take a step back and recon-
sider our current practice.

For ethical reasons, it is important to determine what the DFS
and NNS are regarding various clinical scenarios. We should
start thinking along the lines of DFS and NNS.
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The great tragedy of science—the slaying of a beautiful hypothesis by
an ugly fact.

Thomas Huxley

Remote ischaemic preconditioning (RIC) was first described
in 1993,1 and since then numerous laboratory studies have
shown that RIC using transient limb ischaemia reduces ischae-
mia–reperfusion injury and protects vulnerable organs, includ-
ing the heart, kidneys, lungs, and liver.2 3 The fact that the RIC
intervention can be translated to humans simply by repeated
cycles of inflating and deflating an ordinary blood pressure cuff
on the upper arm has led to widespread clinical interest.4 Several
early clinical studies showed that RIC limits cardiac injury asso-
ciated with both cardiac surgery and myocardial infarction.5–11 A
meta-analyses of 23 cardiac and vascular surgery randomized
controlled trials (RCTs) with 2200 patients showed a cardiopro-
tective effect based on biomarker end points.12 Too few studies

reported clinical end points to enable conclusions to be drawn
about the potential clinical benefit of RIC.

More recently, two large double-blind, multicentre RCTs of
RIC in cardiac surgery (ERRICA and RIPHeart) found no clinical
benefit with RIC. The ERICCA study enrolled 1612 patients from
30 cardiac centres in the UK and showed no benefit with RIC
for the composite primary end point of death from cardiovas-
cular causes, non-fatal myocardial infarction, coronary
revascularization, or stroke at 12 months [212 RIC patients
(26.5%) vs 225 sham-RIC patients (27.7%), P¼0.58].13 In the
RIPHeart trial (1385 patients from 14 German centres), there was
no difference between groups for the composite primary end
point of postoperative in-hospital death, myocardial infarction,
stroke, or acute renal failure ([99 patients (14.3%) in RIC group vs
101 (14.6%) in the sham-RIC group, P¼0.89].14 A multicentre,
double-blind 2�2 factorial designed RCT (REPAIR) investigating
RIC for live donor renal transplantation in 406 donor–recipient
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pairs assessed glomerular filtration rate at 12 months.15 For the
primary end point, iohexol clearance, the RIC group had a higher
glomerular filtration rate at 12 months, although the evidence
for an effect was weak. The estimated glomerular filtration rate
at 12 months was increased by �5 ml min�1 (1.73 m)�2; a differ-
ence that could translate into a 2–3 yr increase in the lifespan of
a transplanted kidney.

Ischaemia–reperfusion injury, usually manifesting as periop-
erative cardiac, kidney, or neurological complications, is a major
cause of perioperative harm, including death. As an interven-
tion, RIC has huge appeal because it is easy, inexpensive, and
relatively non-invasive, without any known side-effects. The
translation of RIC from basic science into clinical practice has
turned out to be very challenging, however, and maybe things
are not as simple and straightforward as we thought.16 Are the
clinical findings from the recent RCTs13–15 the death knell for RIC
or should we look for explanations as to why it has failed to fulfil
its preclinical promise in the recent RCTs? To address this, we
need to consider the impacts that anaesthesia, patient factors,
the type of surgery, and the choice of preconditioning interven-
tion have on the effectiveness of the RIC intervention.

Anaesthetic technique

In patients undergoing cardiac surgery, propofol can interfere
and diminish the protective effect of RIC.17 18 Propofol infusion
was used for all the patients in the RIPHeart study, 90% of
ERICCA participants,13 14 and an unknown number in the REPAIR
study.15 Experimental studies show that volatile anaesthetics
and opioids are cardioprotective and have an ‘anaesthetic pre-
conditioning’ effect.16 19 Evidence from two recent meta-
analyses shows that a volatile-based anaesthetic for cardiac sur-
gery is associated with a reduced mortality.20 21 The mitochon-
dria are the energy hubs of cells, where adenosine triphosphate
(ATP) is generated via oxidative phosphorylation, and not sur-
prisingly, they perform a central role in the mechanism of is-
chaemia–reperfusion injury.22 The pathways of intracellular
protection target the mitochondria, and it has been shown that
both the inhibition of the opening of the mitochondrial perme-
ability transition pore and activation of the mitochondrial ATP-
dependent potassium channels play a role in protective mechan-
isms.19 22 Propofol has dose-dependent effects on mitochondria,
and studies suggest that propofol at high doses can reduce ATP
synthesis, cause mitochondrial damage, and have cytotoxic ef-
fects.23 The optimal anaesthetic technique may well be different
for various disease conditions. When patients are at risk of is-
chaemia–reperfusion injury, the choice of anaesthetic appears to
favour a volatile anaesthetic technique, and it may be prudent to
standardize the anaesthetic technique to include a volatile an-
aesthetic instead of propofol in future RIC trials.

Patient factors

Pre-existing diabetes and medications that affect mitochondrial
ATP-dependent potassium channels (e.g. sulfonylureas and nic-
orandil) have been shown to inhibit the beneficial effects of
RIC.24–26 In addition, angina, transient ischaemic attacks, or clau-
dication themselves have a protective preconditioning effect on
patients.27 Diabetic patients are more vulnerable to myocardial
ischaemia–reperfusion injury, but also seem to be resistant to
known cardioprotective strategies.16 26 An earlier phase II trial
showed that diabetic patients treated with sulfonylurea drugs
and anaesthetized with volatile anaesthetics for coronary

revascularization had no RIC-induced decrease in troponin con-
centrations, whereas an RIC-induced decrease in troponin con-
centrations was seen in non-diabetic patients.28 In the ERICCA
and RIPHeart studies, about a quarter of the patients had a diag-
nosis of diabetes mellitus; this could have contributed to the lack
of effect shown by the RIC intervention in the trials.

Type of surgery

In preclinical studies supporting the use of RIC, and where the
duration of experimental ischaemia was carefully timed and
controlled, it was recognized that the protective effect of RIC was
diminished for prolonged ischaemic insults. Indeed, RIC appears
to limit rather than completely abolish ischaemia–reperfusion
injury.1–3 16 In clinical settings, the complexity of surgery and
duration of ischaemia and reperfusion affect perioperative out-
comes and will impact on clinical trials studying RIC. Our feasi-
bility RCT on RIC in patients undergoing elective abdominal
aortic aneurysm repair showed that the allocation scheme for a
trial should take into account both the surgical procedure and its
complexity to avoid confounding the effect of the RIC interven-
tion.29 Patients in both the ERICCA and RIPHeart studies under-
went coronary artery surgery (no restriction on number of
grafts), with or without combined cardiac valve surgery.
Therefore, levels of ischaemia, cardiopulmonary bypass time,
length of surgery, and hypothermia (not commented on) var-
ied.13 14

Intervention

If RIC is considered as a therapeutic drug, very little is known
about its pharmacokinetics or pharmacodynamics. There is no
agreed dose (number and length of inflations and cuff inflation
pressure), nor agreement on whether it requires adjustment ac-
cording to the type, duration, or both of the ischaemia–reperfu-
sion injury. It is also not known which of the upper or lower
limbs might be more effective if used for the RIC intervention.
Four cycles of 5 min of arm ischaemia was used in ERICCA,
RIPHeart, and REPAIR, but researchers could choose to use either
the right or the left arm for the interventional cuff inflations.13–15

In a large single-centre study in patients undergoing cardiac sur-
gery in which only the left arm was used for the RIC intervention,
there was a significant decrease in troponin-T release and an im-
provement in clinical outcomes, with a reduced risk of myocar-
dial infarction and all-cause death with RIC.8 Anaesthetists have
an important role in determining which limb is used for the RIC
intervention, taking into account the need for vascular access,
patient positioning, and the type of surgery. For example, studies
using the left arm for RIC would predetermine that only the right
arm is used for arterial and venous access. Other considerations
include the need for surgical access to an arm for obtaining vas-
cular grafts during cardiac surgery. In most clinical trials, includ-
ing ERICCA and RIPHeart, the RIC intervention was carried out
during general anaesthesia. The RIC intervention also seems to
be well tolerated by awake patients. In the REPAIR trial, only nine
out of 307 patients withdrew because of discomfort associated
with cuff inflation on their arm.15 This opens the possibility of
starting the RIC intervention before anaesthesia starts.

Remote ischaemic preconditioning is an anaesthetic-led
intervention that has a potential role in procedures with an is-
chaemia–reperfusion injury, such as cardiovascular and neuro-
surgical procedures, transplantation surgery, partial
nephrectomy, plastic surgical free flaps, and all surgical
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procedures where tourniquets are used. This is in addition to a
role in critical care settings. For example, experimental studies
suggest beneficial effects of RIC during cardiopulmonary resusci-
tation.30 Although more studies are needed, it appears that RIC is
unlikely to be the magic bullet that cures all, but as a simple
intervention it might provide real gains in perioperative patient
outcomes. The ERICCA, RIPHeart, and REPAIR trials are valuable
and highlight the important role anaesthetists will have in im-
plementing the lessons learnt for future trials. Anaesthetists are
best placed to lead on understanding the role of remote ischae-
mic preconditioning to overcome the harmful effects of ischae-
mia and reperfusion.

Failure is only the opportunity to begin again, only this time more
wisely.

Henry Ford
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Think drink! Current fasting guidelines are outdated
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Ever since the formative work of Curtis Mendelson1 in peripar-
tum women, the need for preoperative fasting has been propa-
gated to help to minimize the risk of pulmonary aspiration of
gastric content during anaesthesia. That early work described
the catastrophic consequences of particulate matter aspiration
but also reported all those who aspirated non-particulate matter
(40 patients out of 44 016) survived. This is notable considering
the lack of sophisticated postoperative monitoring and care
more than seven decades ago. Fasting guidelines and recom-
mendations have been produced as a consequence of this early
work, with the majority advocating a 6 h fast for solids, 4 h for
breast milk, and 2 h for clear fluids for elective surgery in both
adults and children,2 3 the so-called 6–4–2 rule. Uncertainty
remains for trauma patients, whereas obstetric patients are con-
sidered to have a full stomach.

Anaesthesia textbooks are full of recommended techniques
to reduce the perceived risk of pulmonary aspiration, ranging
from rapid sequence induction with cricoid pressure to the
pharmacological modification of gastric pH using H2-receptor
blockers, proton-pump inhibitors, antacids, or prokinetics. None
has been shown to reduce the incidence or indeed the severity of
gastric content aspiration in a prospective clinical trial or data
collection.

This is not surprising. Pulmonary aspiration of gastric con-
tents during anaesthesia is not a common event. It occurs in ap-
proximately 1:900–1:10 000 in adults and in 2:10 000 children and
is more frequent during emergency procedures. The outcomes
range from asymptomatic (the majority) to prolonged hospital
admission or even death. The outcome of death occurs predom-
inantly in severely ill adults and is caused by acute asphyxia at-
tributable to complete airway obstruction with solids and
particulate matter.4 5 There are no reports of deaths in the paedi-
atric population in any of the several large retrospective or pro-
spective series, with no liquid aspirations resulting in any
reported long-term sequelae.6–9

Liquid aspiration occurs during normal sleep in almost half
of the population and up to 70% of patients with depressed con-
sciousness.10 This does not usually result in significant clinical
consequences, such as pneumonia or hospital admission. Also,
what does the term ‘empty stomach’ mean? No fluid? No solids?
No air? There will always be fluids or gastric secretions present.
The quantity and composition of this is subject to individual
variation depending on many, often non-quantifiable variables.

A sizeable amount of juice (7 ml kg�1) administered to chil-
dren is all but gone from the stomach within 1 h of ingestion
as judged by magnetic resonance imaging.11 Solids, however, be-
have differently, both in the speed with which they leave
the stomach and in their ability to cause harm on aspiration.1 12

What is relevant to the practice of anaesthesia is the presence
and quantity of solid, particulate matter in the stomach, not
fluids.

Reducing the preoperative fasting times has physiological
benefits. Children <3 yr old whose preoperative fasting time is
minimized by active measures show less reduction in blood
pressure on induction and less evidence of a catabolic state.13

Most strikingly, these changes are seen with a very modest re-
duction in mean fasting time from 8.5 to 6 h.

Reduction of the postoperative fasting time may also be of
benefit according to the article published by Chauvin and col-
leagues14 in this edition of the BJA. Those children reaching re-
covery with a high pain score and offered a drink of dilute apple
juice in preference to an initial rescue dose of morphine showed
a reduction in the pain score, less postoperative vomiting, a
shorter recovery stay, and less postoperative rescue opioid ul-
timately. Of course, the consolability and crying components of
the FLACC score used to assess the pain can be elevated because
of a number of non-pain factors. Indeed, it is not surprising that
many of these children may have been thirsty because children
of both arms of the study had been fasted for fluid for more than
11 h before surgery. Taking thirst out of the equation and not
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