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15 Controversies in perioperative 
cardiac arrest

Key findings
  A precordial thump was used in 18 (2%) of cases of 

perioperative cardiac arrest reported to NAP7 and there 
was a pulse at the next rhythm check in 13 (72%) of these 
cases.

  A precordial thump was most effective when there was a 
witnessed and monitored non-shockable cardiac arrest  
(12 of 14 cases).

  Calcium was used in 117 (13.3%) of the 881 NAP7 cases.

  Bicarbonate was used in 63 (7.2%) of the 881 NAP7 cases.

  Nineteen (2.2%) of the 881 NAP7 cases received 
extracorporeal CPR (eCPR) and all were in specialist adult 
or paediatric cardiac surgery centres.

  A thrombolytic drug was injected in 9 (1%) of the 881  
NAP7 cases.

  Echocardiography was used during resuscitation in 160 
(18.2%) of the 881 NAP7 cases.

Precordial thump
What we already know
Since 2015, the European Resuscitation Council guidelines (Soar 
2015) and Resuscitation Council UK (RCUK 2021) guidelines 
have not recommended routine use of a precordial thump 
but have suggested that a single precordial thump may be 
appropriate for a witnessed and monitored ventricular fibrillation 
(VF) or pulseless ventricular tachycardia (pVT) cardiac arrest 
while awaiting a defibrillator. This guidance remains in current 
guidelines and the current Resuscitation Council UK Advanced 
Life Support (ALS) course manual. This is because a single 
precordial thump has a very low success rate for cardioversion 
of a shockable rhythm but the chances of causing harm are very 
small (Amir 2007; Haman 2009; Pellis 2009; Kohl 2005; Nehme 
2013; Dee 2021).

What we found
Over the one-year case reporting period, delivery of a 
precordial thump was documented in 18 (2%) adult cases of 881 
perioperative cardiac arrest cases and was associated with a 
return of spontaneous circulation (ROSC) in 13 cases (72%) (Table 
15.1). Beyond this observation, there are too few cases to make 
detailed observations on the specific characteristics of patients 
and settings where a precordial thump was used. Of the 18 cases 
reported:

  the ages ranged from 26 to 85 years

  12 patients (71%) were male

  13 occurred during general anaesthesia

  16 patients also had chest compressions

  in 13 cases, there was ROSC at the next pulse check 
following delivery of the precordial thump; however, as other 
interventions were also taking place it is not clear whether 
the precordial thump contributed to ROSC or whether this 
would have occurred irrespective of this intervention

  duration of cardiac arrest was generally shorter than other 
cardiac arrests (< 10 minutes, 89% vs 67%).

We did not identify any evidence of harm caused by a precordial 
thump. Outcomes in this group were generally good. This was 
despite it being a group judged to have had poor prearrest care 
by the NAP7 panel (22% poor vs 11% for all cases and overall 
poor care 17% vs 2.1%). Of the 18 patients who had a precordial 
thump, all survived the resuscitation attempt and 8 (44%) went 
home, 9 (50%) were still in hospital and 1 (6%) died.

Jerry Nolan Jasmeet Soar
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Initial monitored rhythm Cases of precordial 
thump (n)

Return of spontaneous circulation  
at next rhythm check

Outcome when reported 
to NAP7: survived to 

hospital discharge/alive 
in hospital/died (n)(n) (%)

All cases 18 13 72 8/9/1

Shockable rhythm

VF/pVT 4 1 25 2/2/0

VF 3 1 33 2/1/0

pVT 1 0 0 0/1/0

Non-shockable rhythms 14 12 86 6/7/1

PEA 4 4 100 1/2/1

Asystole 8 6 75 4/4/0

Severe bradycardia 2 2 100 1/1/0

PEA, pulseless electrical activity; pVT, pulseless ventricular tachycardia; VF, ventricular fibrillation.

Table 15.1 Initial rhythms and use of precordial thump

Discussion
Given that the precordial thump is no longer routinely taught 
in life support courses and its use has been de-emphasised 
in recent guidelines, we were not surprised that it was used in 
only 2% of cardiac arrest cases reported to NAP7. Furthermore, 
our findings are in keeping with previous studies that suggest 
a precordial thump may be more useful for witnessed non-
shockable cardiac arrest rhythms. A review of 103 cases of 
ventricular fibrillation (VF)/pulseless (pVT) out-of-hospital cardiac 
arrest (OHCA) given a precordial thump documented a rhythm 
change in 17 cases, but immediate ROSC occurred in just 5 
cases; the rhythm deteriorated in 10 cases (Nehme 2013). There 
are several reported cases of the successful use of a precordial 
thump in witnessed asystole (Pellis 2010), which is consistent 
with the cases we documented in NAP7. We cannot be certain 
whether the precordial thump was responsible for ROSC in the 
13 NAP cases or whether ROSC occurred in response to other 
interventions (eg chest compressions) before the next rhythm 
check. Our observational data add some very low certainty 
evidence to support the use of a precordial thump for witnessed 
and monitored non-shockable rhythm cardiac arrest (eg severe 
bradycardias progressing to asystole).

A patient having general anaesthesia developed asystole 
during a pacemaker change. The cardiologist gave several 
precordial thumps, but no chest compressions or drugs, 
before a heart rhythm was restored. A new pacing wire was 
then inserted. The reviewers thought that the precordial 
thumps were probably beneficial in this case. When several 
precordial thumps are given, this could be a form of 
percussion pacing.

An elderly patient having elective upper-limb surgery 
developed a profound bradycardia and became pulseless 
after induction of general anaesthesia. The patient was 
treated with a single precordial thump, chest compressions, 
ephedrine and glycopyrrolate and had a palpable pulse 
at the next rhythm check a few minutes later. The patient 
made a good recovery and was discharged. The reviewers 
thought that any additional benefit of the precordial thump 
was uncertain.

Recommendations
National

  Resuscitation guideline writers should review the role of the 
precordial thump given the potential for benefit in witnessed 
and monitored non-shockable rhythm cardiac arrest.

Individual
  Precordial thump should not delay other more evidence-

based methods of resuscitation including cardiopulmonary 
resuscitation (CPR) and administration of relevant drugs.

Calcium
What we already know
Calcium is currently recommended as treatment for cardiac 
arrest associated with hyperkalaemia, hypocalcaemia or 
calcium channel blocker overdose. However, calcium is 
not recommended as a routine treatment for cardiac arrest 
(Soar 2021b). Major haemorrhage with massive transfusion is 
associated with hypocalcaemia mainly because of the citrate in 
fresh frozen plasma and blood.
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Controversies

A 2023 systematic review of administration of calcium compared 
with no calcium during cardiac arrest in adults or children 
identified three randomised controlled trials (RCTs) with 554 
adult patients with OHCA, eight observational studies with 2,731 
adult cardiac arrest patients, and three observational studies with 
17,449 children with in-hospital cardiac arrest (IHCA; Hsu 2023). 
This review found that calcium use did not improve outcomes in 
adults or children.

Even though current guidelines do not advise the routine 
use of calcium in cardiac arrest, it is given in approximately 
25% of IHCAs in the United States and its use is increasing 
(Moskowitz 2019). In the Calcium for Out-of-hospital Cardiac 
Arrest (COCA) RCT, 397 patients with OHCA received up to 
two doses of 5 mmol calcium chloride or saline (Vallentin 2021). 
The primary outcome, ROSC, occurred in 19% of patients in 
the calcium group compared with 27% in the saline group (risk 
ratio, RR, 0.72, 95% confidence interval, CI, 0.49 to 1.03; P 
= 0.09). A prespecified subanalysis of patients with pulseless 
electrical activity (PEA), who are more commonly given calcium, 
revealed that ROSC occurred in 20% of patients in the calcium 
group compared with 39% in the saline group (RR 0.51, 95% 
CI 0.26 to 1.0; (Vallentin 2022). During ischaemia, adenosine 
triphosphate depletion results in high cytosolic and mitochondrial 
concentrations of calcium, which may contribute to ischaemic 

and reperfusion injury. The injection of exogenous calcium may 
exacerbate this injury and could account for the reduced rates of 
ROSC in the COCA trial.

In children, data from the American Heart Association’s Get With 
the Guidelines – Resuscitation registry and ICU-RESUScitation 
project showed that calcium use during CPR for children with 
and without heart disease having an IHCA was common and 
associated with worse survival (Dhillon 2022; Cashen 2023).

What we found
Calcium use was documented in 117 (13.3%) of the 881 NAP7 
case reports. The panel-agreed causes of cardiac arrest in cases 
when calcium was given are shown in Table 15.2. Two cases 
included hypocalcaemia in the narrative. There were 167 cases of 
major haemorrhage causing cardiac arrest and calcium was given 
in 34 (20%) of these cases. There were 23 cases where severe 
hyperkalaemia was reported: 15 (65%) received calcium and 7 
received both calcium and bicarbonate. Overall, in 58 (49.6%) 
reports in which calcium was administered there was a specific 
indication and in 59 (50.4%) there was not.

Panel-agreed cause
Cases

(n) (%)

Specific indication:

Major haemorrhage 34 29

Significant hyperkalaemia 15 13

Hypocalcaemia 2 1.7

No specific indication:

Septic shock 16 14

Isolated severe 
hypotension* 13 11

Cardiac ischaemia 11 9.4

Bradyarrhythmia 7 6

Cardiac tamponade 7 6

* Central vasopressors considered/started.

Table 15.2 Causes of cardiac arrest in patients receiving calcium  
and with five or more cases reported

A patient underwent a rapid sequence induction and 
tracheal intubation. The heart rhythm changed to VT with 
a heart rate above 170 beats/minute soon after induction. 
There was initially a pulse, but this quickly deteriorated to 
pVT. The patient’s preoperative plasma potassium value  
was 3.0–3.4 mmol/l. A return of spontaneous circulation 
was achieved with a single shock from a defibrillator.  
A dose of 10 ml 10% calcium chloride was also injected. 
The reviewers could find no indication for this calcium 
administration.

The surgical specialties of patients receiving calcium for cardiac 
arrest are shown in Figure 15.1. The cardiac arrest rhythms for the 
117 patients receiving calcium were similar to the whole group of 
patients with cardiac arrest (Table 15.3). Compared with reports 
to NAP7 in which calcium was not given, patients who did 
receive it were more likely to be young children (age < 5 years 
13.7% vs 5.1%), highly comorbid (ASA 4–5 50% vs 34%) and of 
non-white ethnicity (22% vs 11%). Cardiac arrests that included 
administration of calcium were more likely to occur after leaving 
recovery (32% vs 18%), in critical care (27% vs 12%) and to be 
prolonged (> 20 minutes 47% vs 20%).

Patients receiving calcium were less likely to survive the 
resuscitation attempt compared with all other reported 
perioperative cardiac arrests (56% vs 78%) and less likely to leave 
hospital alive (26% vs 46%). There were similar proportions of 
survivors still admitted (15% vs 17%) and more in-hospital deaths 
in patients receiving calcium (59% vs 37%).
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Rhythm
Patients receiving 

calcium All cases

(n) (%) (%)

Asystole 12 10 15

Bradycardia 15 13 15

Pulseless electrical activity 6 59 52

Pulseless ventricular 
tachycardia 7 6.0 5.6

Unknown 7 6.0 5.1

Ventricular fibrillation 7 6.0 6.5

Table 15.3 Initial monitored rhythm in patients receiving calcium

Controversies

Discussion
In the majority of perioperative cardiac arrests reported to 
NAP7, there was no clear and obvious indication for calcium 
during cardiac arrest. Although we did not specifically ask 
about hypocalcaemia in the NAP7 case review form, it is 
unlikely that these large numbers of cases were associated with 
hypocalcaemia.

The largest group (29%) receiving calcium was patients with 
a major haemorrhage as a cause of their cardiac arrest. A low 
ionised calcium can be caused by rapid transfusion of blood 
components containing citrate, although this is uncommon when 
liver function is normal (UK Blood Services 2014). However, in 
haemorrhagic shock requiring massive transfusion, liver function 
is often impaired by hypoperfusion (Rossaint 2023).  
Calcium is used to protect the heart in severe hyperkalaemia  
(Alfonzo 2020), and this accounted for about 8.5% of cardiac 
arrest cases where calcium was given.

The specialty using calcium most commonly during cardiac arrest 
is cardiac surgery. Calcium is used during cardiac anaesthesia to 
improve cardiac function because of its inotropic effects when 
weaning patients from cardiopulmonary bypass (Lomivorotov 
2020). However, there are also concerns that the use of calcium 
may be harmful. A multicentre RCT studying whether intravenous 
calcium chloride reduces the need for inotropic support after 
cardiopulmonary bypass weaning is currently in progress 
(Lomivorotov 2021).

Calcium use was seen disproportionately in paediatric cases, 
in cases where the arrest took place on critical care, including 
paediatric critical care, and in prolonged resuscitation.

NAP7 data suggest a relative two-fold overuse of calcium 
compared with guidelines. Overall, these patients had a 
poorer outcome than other NAP7 cases, although this may be 
confounded by case mix.

Figure 15.1 Surgical specialty of patients receiving calcium for cardiac arrest. ENT, ear nose and throat; GI, gastrointestinal; NA, not answered.
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An elderly patient developed pulseless ventricular 
tachycardia following a rapid sequence induction that 
included thiopentone and suxamethonium. The patient was 
successfully resuscitated following defibrillation and a dose 
of calcium. There was no hyperkalaemia. The panel could 
not identify any indication for the calcium in this case.

An elderly patient having an elective laparoscopic 
procedure under general anaesthesia had a severe 
vasovagal episode on intra-abdominal insufflation. The 
patient was given chest compressions, adrenaline and 
calcium. The patient was resuscitated successfully and 
survived to go home. The panel could not identify any 
indication for the calcium in this case.
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Compared with patients not receiving bicarbonate, those given 
bicarbonate were more commonly very young (age < 1 year, 
17% vs 3.3%), severely comorbid (ASA 5 17% vs 6.5%), of non-
white ethnicity (25% vs 9%) and their treatment involved cardiac 
surgery (11% vs 1%) or interventional cardiology (18% vs 0.5%). 
Arrests in this group occurred more commonly in locations 
external to theatres (60% vs 27%). including critical care or 
paediatric intensive care (33% vs 12%) and were more prolonged 
(> 20 minutes, 50% vs 30%). The surgical specialties are shown 
in Figure 15.2, duration of cardiac arrest in Figure 15.3. Patients 
receiving bicarbonate tended to have a longer duration of 
cardiac arrest than those patients not receiving bicarbonate.

Initial cardiac arrest rhythms were similar to those among patients 
not receiving bicarbonate. Patients receiving bicarbonate were 
less likely to survive the resuscitation attempt compared with all 
other reported perioperative cardiac arrests (62% vs 75%) and 
less likely to leave hospital alive (25% vs 45%). There were similar 
proportions of survivors still admitted (14% vs 17%) and more 
in-hospital deaths in patients receiving bicarbonate (60% vs 38%).

Quality of care, as judged by the panel, was similar for patients 
given or not given bicarbonate.

Controversies

Panel-agreed cause
Patients receiving 

bicarbonate All cases

(n) (%) (%)

Major haemorrhage 16 25 14

Septic shock 13 21 6.3

Cardiac ischaemia 12 19 6.7

Significant hyperkalaemia 7 11 1.2

Bradyarrhythmia 5 8 8.6

Table 15.4 Causes of cardiac arrest in patients receiving bicarbonate  
and with five or more cases reported, and frequency of these causes  
in all NAP7 reports

Calcium is not part of current guidelines for cardiac arrest 
outside the specific circumstances of severe hyperkalaemia and 
hypocalcaemia (Hsu 2023). The most recent RCT of calcium 
in cardiac arrest suggested possible harm from calcium use 
(Vallentin 2021, 2022). Although the NAP7 data cannot rule 
out benefits or harms from the use of calcium for perioperative 
cardiac arrest, the available evidence suggests that it should not 
be used unless there is a firm indication.

Recommendations
Individual

  Calcium should not be given to patients in cardiac 
arrest unless there is a very specific indication such as 
hyperkalaemia or hypocalcaemia (Lott 2021).

Bicarbonate
What we already know
Bicarbonate is not recommended as a routine treatment for 
cardiac arrest (Soar 2021b). It is currently recommended as 
treatment for cardiac arrest associated with hyperkalaemia or 
caused by overdose of drugs with quinidine-like effects (eg 
tricyclic antidepressants, neuroleptics; Lott 2021). Even though 
current guidelines do not advise the routine use of bicarbonate 
in cardiac arrest, it was given in almost 50% of IHCAs in the 
United States in 2016 and its use is increasing (Moskowitz 2019). 
Observational studies of the impact on outcome of bicarbonate 
use in OHCA have reported conflicting results (Kawano 
2017; Kim 2016) but these studies are subject to significant 
confounding, not least because of resuscitation time bias (the 
longer the resuscitation attempt, the worse the outcome but 
the more likely that advanced life support interventions are to 
be delivered; Andersen 2018). A systematic review and meta-
analysis of the effectiveness of bicarbonate in OHCA and 
IHCA included six observational trials (18,406 patients) and 
documented no significant differences between bicarbonate and 
no bicarbonate groups in ROSC (OR 1.19; 95% CI 0.68–2.07) or 
survival to hospital discharge (odds ratio, OR, 0.3; 95% CI 0.07 
to 1.32; Wu 2020). Bicarbonate is frequently given to correct 
severe acidaemia in critically ill patients, although there is very 
little evidence that this beneficial (Coppola 2021).

What we found
Administration of bicarbonate was documented in 63 (7.2%) 
of the 881 NAP7 cases. Of these 63 cases, the panel-agreed 
cause of cardiac arrest was significant hyperkalaemia in 5 (8%) 
cases. The panel-agreed causes of cardiac arrest in cases when 
bicarbonate was given are shown in Table 15.4.

There were 40 NAP7 cases for which a severe metabolic acidosis 
was reported and 10 (24%) of these were given bicarbonate. 
Of 23 cases where severe hyperkalaemia was reported, 7 (30%) 
received bicarbonate. All 7 also received calcium.
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Controversies

Figure 15.2 Surgical specialty of patients receiving bicarbonate for cardiac arrest. ENT, ear nose and throat; GI, gastrointestinal; NA, not answered.
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An adult classed as ASA 2 undergoing general anaesthesia 
for an elective urological procedure developed a PEA 
cardiac arrest. CPR was commenced and ROSC was 
achieved after 11 minutes. Drugs given during resuscitation 
included adrenaline 5 mg and bicarbonate 100 ml. The 
panel could see no indication for the bicarbonate.

Discussion
Bicarbonate was used in a significant proportion (7.2%) of cardiac 
arrests reported to NAP7. Indications for its use were rare and 
in most cases the panel identified no clear indication for its use. 
Bicarbonate was used more in haemorrhage and sepsis and in 
cardiac arrests outside the operating theatre (including adult and 
paediatric intensive care).

On reperfusion of the donor liver during liver transplant 
surgery, the patient developed a very high potassium 
value on blood gases and had an asystolic cardiac arrest. 
Cardiopulmonary resuscitation was started and bicarbonate 
was given during advanced life support that also included 
chest compressions, fluids, adrenaline and calcium – this 
was associated with a return to a normal potassium value. 
ROSC was achieved after 10–15 minutes of resuscitation 
and the patient survived. An insulin and glucose infusion 
was not required. The reviewers identified this as a case 
where there was an indication for giving bicarbonate – 
severe hyperkalaemia in the setting of a severe metabolic 
acidosis.

The NAP7 data show that use of bicarbonate was associated 
with longer duration of cardiac arrest – patients who have 
a prolonged cardiac arrest are more likely to have a severe 
metabolic acidosis. Whether correction of acidaemia with 
bicarbonate during CPR is helpful or harmful is unknown. The 
potentially harmful effects of bicarbonate include (Neumar 
2010):

  a negative inotropic effect on an ischaemic myocardium

  the delivery of a large, osmotically active, sodium load to an 
already compromised circulation and brain

  a shift to the left in the oxygen dissociation curve, further 
inhibiting release of oxygen to the tissues.

Further data may be provided by the continuing Bicarbonate 
for In-Hospital Cardiac Arrest trial, a randomised, double-blind, 
placebo-controlled trial (clinicaltrials.gov NCT05564130). 
Pending the results of this trial, treatment should focus on high-
quality CPR and treating the underlying cause of cardiac arrest; 
bicarbonate is probably not helpful.

Recommendations
Individual 

  Bicarbonate should not be given to patients in cardiac arrest 
unless there are specific indications, such as hyperkalaemia 
and overdose of drugs with quinidine-like effects (eg tricyclic 
antidepressants, neuroleptics; Lott 2021).

https://classic.clinicaltrials.gov/ct2/show/NCT05564130
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What we found
Baseline Survey
Extracorporeal membrane oxygenation (ECMO) or eCPR) was 
available in 18 (9.2%) hospitals (Table 15.5). Of the 27 (13.7%) 
hospital sites that reported being cardiac surgery centres, 15 
(55.6%) offered ECMO or eCPR.

Case reports
Of the 881 NAP7 cases, 19 (2.2%) received eCPR; 10 were 
children (18% of paediatric NAP7 cases): 4 neonates and 5 
children aged 1–17 years. All but one of these cases involved 
cardiac surgery and were placed on cardiopulmonary bypass 
while in cardiac arrest. The remaining child treated with eCPR 
went into pVT after scoliosis surgery. Of the nine adults (1.1% 
of adult NAP7 cases) who underwent eCPR, five were cardiac 

Table 15.5 Centres providing extracorporeal membrane oxygenation/
extracorporeal cardiopulmonary resuscitation (ECMO/eCPR) services in UK

Survey 
response 

(n)

ECMO/
eCPR  

(n)

Proportion  
(%)

Cardiac surgery centres 
(total) 27 15 56

Adult 22 10 46

Paediatric (with PICU) 10 8 80

Non-cardiac surgery 
centres (total) 168 3 1.8

Adult 164 3 1.8

Paediatric hospitals 144 1 0.7

Paediatric hospitals  
with PICU

11 1 9.1

Total 195 18 9.2

ECMO, extracorporeal membrane oxygenation; eCPR, extracorporeal 
cardiopulmonary resuscitation; LC, Local Coordinator; PICU,  
paediatric intensive care unit.

Extracorporeal CPR
What we already know
Extracorporeal CPR (eCPR) should be considered for a patient 
in refractory cardiac arrest where there is a potentially reversible 
cause and when the expertise to deliver eCPR is available  
(Soar 2021b). Three recent RCTs of the use of eCPR for OHCA 
have produced conflicting results. Two of these trials were 
terminated prematurely after predetermined interim analyses: 
one because of superiority of eCPR (Yannopoulos 2020) 
and the other because of its futility (Belohlavek 2022). The 
most recent trial showed no difference in 30-day favourable 
functional outcome, the primary outcome (Suverein 2023). 
The effectiveness of eCPR is likely highly dependent on patient 
selection and the experience of clinicians and centres delivering 
the intervention; as such, it is a challenging intervention to study 
in an RCT. Intraoperative cardiac arrest is usually a monitored 
event and so there should be minimal delay in starting CPR and, 
in many cases, there are potentially reversible causes. Under 
these circumstances, if cardiac arrest is refractory to appropriate 
treatment, and if eCPR is available, it may enable perfusion of 
organs while the precipitating cause is treated (Lott 2021). The 
most recent International Liaison Committee on Resuscitation 
recommendation for eCPR for in-hospital cardiac arrest suggests 
that it may be considered as a rescue therapy for selected 
patients when conventional CPR is failing to restore spontaneous 
circulation in settings where this can be implemented (weak 
recommendation, very low certainty evidence; Berg 2023). 
The most recent international data from the Extracorporeal Life 
Support Organization Registry for the year 2022 documented 
14,509 adult eCPR cases with a 30% survival to discharge, 6,179 
paediatric eCPR cases with a 41% survival to discharge, and 2,619 
neonatal eCPR cases with a 43% survival to discharge (ELSO 
2023).

Figure 15.3 Duration of cardiac arrest in patients receiving bicarbonate. The blue bars represent cases of cardiac arrest receiving bicarbonate and 
the purple line all cases of cardiac arrest not receiving bicarbonate. A blue bar extending above the purple ling indicates over representation of 
bicarbonate use in that group, and under the line, underrepresentation.
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Discussion
To the best of our knowledge, very few hospitals in the UK have 
the facilities to provide eCPR outside a specialist cardiac centre. 
Although eCPR is of considerable interest, only 19 (2.2%) of 
NAP7 cases received it.

eCPR was notably more common in children (18%) compared 
with adults (1.1%). Of the 10 children or neonates, all but one was 
in a cardiac surgery setting. Given the high cost and complexity 
of setting up an eCPR programme, in contrast to the many other 
high-income countries, it is very unlikely that the provision of 
eCPR will change in the UK in the near future.

Controversies

A patient with complex heart disease had a PEA cardiac 
arrest, most likely caused by anaphylaxis, during an 
interventional cardiology procedure. Initial resuscitation 
was unsuccessful and eCPR was started about 30 minutes 
after cardiac arrest. The patient remained on ECMO for  
the next few days and recovered from the cardiac arrest. 
The panel commented that this case highlighted the 
potential value of eCPR in refractory cardiac arrest in 
settings where it is feasible.

surgical patients (two survived), two developed cardiac arrest 
in the cardiac catheterisation laboratory (both died), one had 
a cardiac arrest during a pacemaker change (survived) and the 
other went into cardiac arrest during liver transplant surgery 
(died).

In total, 15 patients (79%) had a circulation restored and 
resuscitation efforts were stopped in 4 patients. Four patients 
(21%) survived to hospital discharge, nine (47%) died and six 
(32%) were still in hospital at time of reporting.

In 4 cases (21%) the decision for eCPR was made immediately; 
in 10 cases (53%) it was made within the first 10 minutes. The 
cumulative time from cardiac arrest to establishing eCPR flow is 
shown in Figure 15.4.

The aorta was the most common site of arterial cannulation and 
was used in 10 cases (53%), followed by the right femoral artery 
(5 cases, 26%), left femoral artery (3, 16%), common carotid 
artery (1, 5.3%) and other sites (2, 11%). The duration of ECMO 
support is shown in Table 15.6.

The reasons for stopping ECMO were recovery (9 cases, 47%), 
diagnosis incompatible with life (5 cases, 26%) or multiple organ 
failure (4 cases, 21%).

Some 11 complications of ECMO were reported in 9 (42 %) 
cases: leg ischaemia (1 case), compartment syndrome (2), surgical 

site bleeding requiring 
return to theatre (2), 
intracranial haemorrhage 
(2), hypoxic ischaemic brain 
injury (1), multiple thrombus 
(1), unable to achieve 
flows (1) and uncertain 
complication (1). Six cases 
had one complication, one 
case had two complications, 
and one case had three 
complications.

Table 15.6 Duration of extracorporeal membrane oxygenation

Duration
Patients

(n) (%)

< 24 hours 7 37

24 to < 48 hours 1 5.3

48 to < 72 hours 3 16

3-5 days 2 11

6-7 days 3 16

> 7 days 1 5.3

N/A (continuing) 2 11

Figure 15.4 Time from cardiac arrest to establishing extracorporeal cardiopulmonary resuscitation eCPR – cumulative number of cases
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There was a single case of a postoperative sudden cardiac arrest 
in a ward patient who died. There was a suspicion of a PE, but 
thrombolytic drugs were not readily available and were therefore 
not given.

A patient had a ward cardiac arrest following major 
abdominal and pelvic cancer surgery. There was a focused 
ultrasound during CPR and thrombolysis was given. There 
was a prolonged resuscitation attempt (1–2 h) without 
restoration of circulation and the patient died. The panel 
view was that thrombolysis was reasonable in this patient 
given the risk factors for thromboembolism.

Controversies

Recommendations
Individual

  In patients with perioperative cardiac arrest who are 
refractory to conventional resuscitation and who have a 
potentially reversible cause, consider eCPR if it is available 
and feasible.

Thrombolysis
What we already know
Despite only very low certainty and conflicting evidence 
from observational studies, thrombolysis is recommended if 
cardiac arrest is known or suspected to have been caused by 
pulmonary embolism (PE; Lott 2021; Konstantinides 2020). It is 
usually difficult to definitely diagnose PE as a cause of cardiac 
arrest: the circumstances of the cardiac arrest may increase 
the likelihood of PE as a cause (eg sudden collapse in the 
relatively immobile postoperative patient with additional risk 
factors for thromboembolism) and echocardiography findings 
of right ventricular dilatation may be suggestive, but neither 
of these provides a definitive diagnosis. The right ventricle 
frequently dilates during cardiac arrest even in the absence of PE. 
Another challenge facing clinicians in deciding whether to treat 
perioperative cardiac arrest with a thrombolytic drug is the risk 
of bleeding. If a thrombolytic drug is given to treat cardiac arrest 
caused by a PE, CPR may need to be continued for up 60–90 
minutes to give sufficient time for the clot to dissolve (Lott 2021; 
Konstantinides 2020). This is a situation where a mechanical 
chest compression device would be useful if staff are familiar 
with its use and can deploy it without prolonged interruption to 
CPR. The use of mechanical thrombectomy by interventional 
radiology or eCPR may, in settings where these are feasible, also 
have a role in treating cardiac arrest caused by a PE (Soar 2021a).

What we found
A thrombolytic drug was injected in nine (1%) of the 881 NAP7 
cases. ROSC was achieved in four of these patients, but all died 
within 24 h. In all but one of the cases, the cause of cardiac 
arrest was thought likely to have been a PE; the remaining case 
was thought to have been caused by myocardial infarction 
(based on intraoperative echocardiography performed by a 
cardiologist). The diagnosis of PE was made with CT pulmonary 
angiography in just one case (in which cardiac arrest occurred 
after cemented hemiarthroplasty). In two cases of intraoperative 
cardiac arrest, the diagnosis of PE was presumed because 
echocardiography demonstrated right ventricular dilatation. In 
four cases, cardiac arrest occurred on the ward or ICU within 
24 h postoperatively. In all these cases, thrombolysis was given 
because of presumed, but not definitively confirmed, PE. In one 
case, PEA cardiac arrest occurred during liver transplantation 
and the cause was blood clot seen in the right heart; ROSC was 
achieved after thrombolysis.

Discussion
In at least one of the NAP7 cases, PE was thought to be a 
possible cause of intraoperative cardiac arrest but the extensive 
surgery being undertaken (with associated bleeding) was thought 
to make the bleeding risk too high. If a thrombolytic drug is 
given to treat cardiac arrest caused by a PE, CPR may need to 
be continued for up 60–90 minutes to give sufficient time for 
the clot to dissolve (Lott 2021; Konstantinides 2020). All the 
patients who had thrombolysis died within 24 h. It is likely that, in 
the future, catheter-guided mechanical thrombectomy will have 
a greater role in treating this type of case in centres where it is 
feasible (Soar 2021a).

Recommendations
Local

  Thrombolytic drugs should be readily available to give in an 
emergency – their location and guidance for use should be 
signposted on resuscitation trolleys or cardiac arrest drug 
boxes.

Individual
  In patients with perioperative cardiac arrest in whom 

pulmonary embolism is a likely cause, consider giving a 
thrombolytic drug. The decision to do this will depend on 
the balance between the likelihood of massive pulmonary 
embolism as a cause of cardiac arrest and the risk of 
uncontrollable bleeding.
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arrest and/or identifying any pathology that may be treatable, 
although this will depend on circumstances. In postoperative 
cardiac surgical patients where there is a high pretest probability 
of cardiac tamponade, the diagnostic utility of echocardiography 
may be high but in other contexts it may merely interrupt chest 
compressions while having a very low diagnostic yield. There 
are important pitfalls. For example, during cardiac arrest there 
is commonly right ventricular dilatation, which may lead to the 
incorrect assumption that the cardiac arrest has been caused 
by PE (Reynolds and Del Rios 2020). Echocardiography can be 
used to distinguish true PEA (in which there is electrical activity 
on the ECG and no cardiac motion on echocardiography) from 
a low-flow pseudo-PEA (in which some cardiac motion is seen 
on echocardiography, but the cardiac output is insufficient to 
generate a palpable pulse). Cardiac arrest caused by severe 
hypovolaemia, including anaphylaxis for example, is likely to 
result in ‘pseudo-PEA’ (see Chapter 25 ALS for perioperative 
cardiac arrest). In general, the prognosis of pseudo-PEA is better 
than that of true PEA (Gaspari 2021).

Recommendations
Individual

  If point of care 
echocardiography and 
staff experienced in its  
use and limitations are 
immediately available, 
consider its use to 
diagnose reversible 
causes of perioperative 
cardiac arrest.

Controversies

Echocardiography during 
resuscitation
What we already know
Although point of care ultrasound is being used increasingly 
during cardiac arrest to diagnose the cause of cardiac arrest and 
to provide information on reversibility, there is no high-certainty 
evidence for its benefit for either of these indications (Reynolds 
2022; Wyckoff 2022; Soar 2020). Ultrasound equipment is 
likely to be more available at the site of a perioperative cardiac 
arrest than in many other locations in hospital; this is particularly 
the case for cardiac surgical patients and those undergoing 
interventional cardiological procedures, where there is also 
greater expertise in the use of cardiac ultrasound.

What we found
Echocardiography was used during resuscitation in 160 (18.2%) 
of the 881 NAP7 cases. Of these 160 cases, 38 (23%) were 
cardiac surgical cases and 27 (17%) occurred in the cardiac 
catheterisation laboratory (Figure 15.5). In the cases in which 
echocardiography was used, cardiac tamponade was reported 
as the cause of cardiac arrest in six (3.8%) cases and was thought 
to be contributory in two (1.2%) cases. In addition, a tension 
pneumothorax was identified as causing cardiac arrest in one 
case (0.6%).

Discussion
The increasing use of echocardiography during cardiac arrest 
parallels the increasing availability of point of care ultrasound. In 
our cases, it was uncertain whether the use of echocardiography 
improved the care of the patient and identified a reversible 
cause (eight cases had cardiac tamponade and one case had 
a pneumothorax, about 6% of cases where echocardiography 
was used). It may be helpful for diagnosing the cause of cardiac 

Figure 15.5 Specialties where echocardiography was used during cardiac arrest. ENT, ear nose and throat; GI, gastrointestinal; NA, not answered.
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Controversies

References
Alfonzo 2020: Alfonzo A, Harris A, Baines R et al Clinical Practice Guidelines 
Treatment of Acute Hyperkalaemia in Adults. London: Renal Association; 2020.

Amir 2007: Amir O, Schliamser JE, Nemer S, Arie M. Ineffectiveness of precordial 
thump for cardioversion of malignant ventricular tachyarrhythmias. Pacing Clin 
Electrophysiol 2007; 30: 153–6.

Andersen 2018: Andersen LW, Grossestreuer AV, Donnino MW. Resuscitation time 
bias: a unique challenge for observational cardiac arrest research. Resuscitation 2018; 
125: 79–82.

Belohlavek 2022: Belohlavek J, Smalcova J, Rob D et al Effect of intra-arrest transport, 
extracorporeal cardiopulmonary resuscitation, and immediate invasive assessment 
and treatment on functional neurologic outcome in refractory out-of-hospital cardiac 
arrest: a randomized clinical trial. JAMA 2022; 327: 737–47.

Berg 2023: Berg KM, Bray JE, Ng K-C et al International Consensus on 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With 
Treatment Recommendations Summary From the Basic Life Support; Advanced Life 
Support; Pediatric Life Support; Neonatal Life Support; Education, Implementation 
and Teams; and First Aid Task Forces. Resuscitation 2023; in press.

Cashen 2023: Cashen K, Sutton RM, Reeder RW et al Eunice Kennedy Shriver 
National Institute of Child Health and Human Development Collaborative Pediatric 
Critical Care Research Network (CPCCRN) and National Heart Lung and Blood 
Institute ICURESUScitation Project Investigators. Calcium use during paediatric 
in-hospital cardiac arrest is associated with worse outcomes. Resuscitation 2023; 185: 
109673.

Coppola 2021: Coppola S, Caccioppola A, Froio S, Chiumello D. Sodium 
Bicarbonate in Different Critically Ill Conditions: From Physiology to Clinical Practice. 
Anesthesiology 2021; 134: 774–83.

Dee 2021: Dee R, Smith M, Rajendran K et al The effect of alternative methods of 
cardiopulmonary resuscitation – cough CPR, percussion pacing or precordial thump 
– on outcomes following cardiac arrest: a systematic review. Resuscitation 2021; 162: 
73–81.

Dhillon 2022: Dhillon GS, Kleinman ME, Staffa SJ et al Calcium administration 
during cardiopulmonary resuscitation for in-hospital cardiac arrest in children with 
heart disease is associated with worse survival: a report from the American Heart 
Association’s Get With the Guidelines-Resuscitation (GWTG-R) Registry. Pediatr Crit 
Care Med 2022; 23: 860–71.

ELSO 2023: Extracorporeal Life Support Organization. ECLS Registry 
Report: International summary, report data through 2022. Ann Arbor, MI: 
Extracorporeal Life Support Organization; 2023. https://www.elso.org/registry/
internationalsummaryandreports/internationalsummary.aspx (accessed 27 May 2023).

Gaspari 2021: Gaspari R, Weekes A, Adhikari S et al Comparison of outcomes 
between pulseless electrical activity by electrocardiography and pulseless myocardial 
activity by echocardiography in out-of-hospital cardiac arrest; secondary analysis from 
a large, prospective study. Resuscitation 2021; 169: 167–72.

Haman 2009: Haman L, Parizek P, Vojacek J. Precordial thump efficacy in termination 
of induced ventricular arrhythmias. Resuscitation 2009; 80: 14–16.

Hsu 2023: Hsu CH, Couper K, Nix T et al Calcium during cardiac arrest: a systematic 
review. Resusc Plus 2023; 14: 100379.

Kawano 2017: Kawano T, Grunau B, Scheuermeyer FX et al Prehospital sodium 
bicarbonate use could worsen long term survival with favorable neurological recovery 
among patients with out-of-hospital cardiac arrest. Resuscitation 2017; 119: 63–9.

Kim 2016: Kim J, Kim K, Park J et al Sodium bicarbonate administration during ongoing 
resuscitation is associated with increased return of spontaneous circulation. Am J 
Emerg Med 2016; 34: 225–9.

Kohl 2005: Kohl P, King AM, Boulin C. Antiarrhythmic effects of acute mechanical 
stimulation. In: Kohl P, Sachs F, Franz MR, eds.). Cardiac Mechano-electric Feedback 
and Arrhythmias: From pipette to patient, chapter 33. Philadelphia, PA: Elsevier 
Saunders; 2005.

Konstantinides 2020: Konstantinides SV, Meyer G, Becattini C et al 2019 ESC 
Guidelines for the diagnosis and management of acute pulmonary embolism 
developed in collaboration with the European Respiratory Society (ERS). Eur Heart J 
2020; 41: 543–603.

Lomivorotov 2020: Lomivorotov VV, Guvakov D, Belletti A et al Current practice 
of calcium use during cardiopulmonary bypass weaning: results of an international 
survey. J Cardiothorac Vasc Anesth 2020; 34: 2111–15.

Lomivorotov 2021: Lomivorotov V, Ponomarev D, Boboshko V et al Calcium 
administration In patients undergoing CardiAc suRgery under cardiopulmonary 
bypasS (ICARUS trial): Rationale and design of a randomized controlled trial. Contemp 
Clin Trials Commun 2021; 23: 100835.

Lott 2021: Lott C, Truhlar A, Alfonzo A et al European Resuscitation Council 
Guidelines 2021: Cardiac arrest in special circumstances. Resuscitation 2021; 161: 
152–219.

Moskowitz 2019: Moskowitz A, Ross CE, Andersen LW et al Trends over time in 
drug administration during adult in-hospital cardiac arrest. Crit Care Med 2019; 47: 
194–200.

Nehme 2013: Nehme Z, Andrew E, Bernard SA, Smith K. Treatment of monitored 
out-of-hospital ventricular fibrillation and pulseless ventricular tachycardia utilising the 
precordial thump. Resuscitation 2013; 84: 1691–6.

Neumar 2010: Neumar RW, Otto CW, Link MS et al Part 8: adult advanced 
cardiovascular life support: 2010 American Heart Association Guidelines for 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 
2010; 122: S729–67.

Pellis 2009: Pellis T, Kette F, Lovisa D et al Utility of pre-cordial thump for treatment of 
out of hospital cardiac arrest: a prospective study. Resuscitation 2009; 80: 17–23.

Pellis 2010: Pellis T, Kohl P. Extracorporeal cardiac mechanical stimulation: precordial 
thump and precordial percussion. Br Med Bull 2010; 93: 161–77.

RCUK 2021: Resuscitation Council UK. 2021 Resuscitation Guidelines. London: 
Resuscitation Council UK; 2021. https://www.resus.org.uk/library/2021-resuscitation-
guidelines (accessed 27 May 2023).

Reynolds 2020: Reynolds JC, Del Rios M. Point-of-care cardiac ultrasound during 
cardiac arrest: a reliable tool for termination of resuscitation? Curr Opin Crit Care 
2021; 26: 603–11.

Reynolds 2022: Reynolds JC, Nicholson T, O’Neil B et al Diagnostic test accuracy of 
point-of-care ultrasound during cardiopulmonary resuscitation to indicate the etiology 
of cardiac arrest: a systematic review. Resuscitation 2022; 172: 54–63.

Rossaint 2023: Rossaint R, Afshari A, Bouillon B et al The European guideline on 
management of major bleeding and coagulopathy following trauma: sixth edition. Crit 
Care 2023; 27: 80.

Soar 2015: Soar J, Nolan JP, Böttiger BW et al European Resuscitation Council 
Guidelines for Resuscitation 2015: Section 3. Adult advanced life support. 
Resuscitation 2015; 95: 100–47.

Soar 2020: Soar J, Berg KM, Andersen LW et al Adult Advanced Life Support: 
2020 International Consensus on Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care Science with Treatment Recommendations. Resuscitation 2020; 
156: A80–119.

Soar 2021a: Soar J, Becker LB, Berg KM et al Cardiopulmonary resuscitation in special 
circumstances. Lancet 2021; 398: 1257–68.

https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://www.resus.org.uk/library/2021-resuscitation-guidelines
https://www.resus.org.uk/library/2021-resuscitation-guidelines


12

Controversies

Soar 2021b: Soar J, Bottiger BW, Carli P et al European Resuscitation Council 
Guidelines 2021: Adult advanced life support. Resuscitation 2021; 161: 115–51.

Suverein 2023: Suverein MM, Delnoij TSR, Lorusso R et al Early extracorporeal CPR 
for refractory out-of-hospital cardiac arrest. N Engl J Med 2023; 388: 299–309.

UK Blood Services 2014: United Kingdom Blood Services. Handbook of Transfusion 
Medicine, 5th edn. Norwich: TSO; 2014.

Vallentin 2021: Vallentin MF, Granfeldt A, Meilandt C et al Effect of intravenous or 
intraosseous calcium vs saline on return of spontaneous circulation in adults with out-
of-hospital cardiac arrest: a randomized clinical trial. JAMA 2021; 326: 2268–76.

Vallentin 2022: Vallentin MF, Povlsen AL, Granfeldt A et al Effect of calcium in patients 
with pulseless electrical activity and electrocardiographic characteristics potentially 
associated with hyperkalemia and ischemia-sub-study of the Calcium for Out-of-
hospital Cardiac Arrest (COCA) trial. Resuscitation 2022; 181: 150–7.

Wu 2020: Wu KH, Chang CY, Chen YC et al Effectiveness of sodium bicarbonate 
administration on mortality in cardiac arrest patients: a systematic review and meta-
analysis. J Emerg Med 2020; 59: 856–64.

Wyckoff 2022: Wyckoff MH, Greif R, Morley PT et al 2022 international consensus 
on cardiopulmonary resuscitation and emergency cardiovascular care science with 
treatment recommendations: summary from the basic life support; advanced life 
support; pediatric life support; neonatal life support; education, implementation, and 
teams; and first aid task forces. Resuscitation 2022; 181: 208–88.

Yannopoulos 2020: Yannopoulos D, Bartos J, Raveendran G et al Advanced 
reperfusion strategies for patients with out-of-hospital cardiac arrest and refractory 
ventricular fibrillation (ARREST): a phase 2, single centre, open-label, randomised 
controlled trial. Lancet 2020; 396: 1807–16.


