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Abstract

Cardiac arrest inside the neurosurgical theatre is a grave crisis which can end up in a remarkably high mortality rate. It is an uninvited
crisis to both the neurosurgeon and the neuroanesthetist. It has numerous causes and can happen during different kinds of surgeries
along with positions. Management of cardiac arrests in neurosurgical patient population is a territory that is not well elucidated.
Conventional ALS protocols cannot be straightaway applied in neurosurgical patients at all times. With a good comprehension,
practitioners can be better geared up to tackle unfavourable cardiac emergencies which can be gruelling to the whole neurosurgical
team.
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Introduction

ardiac arrest in non-cardiac surgery occurs with a

documented incidence of 0.01-0.34%.'2 As per a
Japanese research, the major origins of intraoperative cardiac
arrest comprise of blood loss (31.9%), human errors (53%)
and anesthesia associated (22%).* The management of
intraoperative cardiac arrest during neurosurgery has not been
well defined since they are quite uncommon. Application of
conventional resuscitation manoeuvres could be challenging
because of various factors like surgical patient positioning
and exposure, skull pin fixation, etc. This article focusses
on outlining the different reasons of cardiac arrest during
neurosurgery, and their management as per the scenario.
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CARDIO PULMONARY RESUSCITATION (CPR) DURING
NEUROSURGERY

Common causes of intraoperative cardiac arrest during
neurosurgery are given in Table 1.

Table 1: Common causes of perioperative cardiac emergencies
during neurosurgery

Common causes of cardiac emergencies during neurosurgical pro-
cedures

Trigemino-cardiac reflex

Surgical manipulation of structures like insular cortex, amygdala,
brainstem, hypothalamus, floor of fourth ventricle, cranial nerves

Venous air embolism

Acute blood loss

Sudden increase in intracranial pressure (ICP)
o Anesthetic factors- hypercarbia, hypoxia
o Surgical factors- bleeding, seizures, aneurysm rupture

Irrigation with extreme warm or cold saline

Anaphylaxis

H’s [hypovolemia, hypoxia, hydrogen ion (acidosis), hyper-/hypo-
kalemia, hypoglycemia, hypothermia] and, T’s [toxins, tamponade,
tension pneumothorax, thromboembolism, trauma]
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In general most of the subjects will be already on mechanical
ventilation with end-tidal carbon dioxide (EtCO2) monitoring
and an invasive arterial line in situ. Both these monitors provide
added advantage as they can be utilised to confirm the cardiac
arrest, act as a guide to the quality of CPR and indicate the return
of spontaneous circulation (ROSC).5
As soon as cardiac arrest is diagnosed, resuscitation should be
initiated and simultaneously ensure the following:

1. Ventilation is maintained:

a.Rule out endotracheal tube obstruction , kinking,

displacement or disconnection

b.Provide 100% oxygen

2.All drugs have been given correctly

3.There has not been a sudden rapid massive blood loss

Management of cardiac arrest can be guided by the
proposed algorithm (Figure 1), aided by the latest Advanced
Life Support (ALS) guidelines given by the American Heart
Association (AHA) [5]. As per the United Kingdom (UK)
resuscitation council 2019, the sole difference from the ALS
guidelines is that the starting dose of epinephrine should be
given in increments (e.g. 50-100 micrograms) as per the
response, instead of a 1 mg bolus.6 It will help to prevent any
rebound rise in blood pressure and possibility of hemorrhage
if resuscitation is successful in a short time span. In case of no
response even after 1 mg total of epinephrine, administer the
next doses of epinephrine 1 mg boluses as per the usual ALS
protocol. Identification and treatment of the underlying cause
should be carried out simultaneously.
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Figure 1. Cardiac arrest in neurosurgery algorithm

PECULIAR ELEMENTS AFFECTING
INTRAOPERATIVE CPR DURING NEUROSURGY
These can be classified as:

1.The surgical procedure.

2.The position of the patient.

3.CPR on a patient with an exposed wound.

1.The surgical procedure
Surgeries around the hypothalamus, brain stem, cerebellopontine
angle, hypophysis, and fifth cranial nerve, neuro-endoscopic
procedures and the use of irrigation fluid of the incorrect
temperature or pressure, can all lead to heart rate irregularities
including severe bradycardia with associated hypotension or
asystole. The most probable mechanism behind is stimulation of
the trigemino-cardiac reflex. Usually this will revert on stopping
of the stimulus (e.g. surgical instrumentation or traction). If
the bradycardia persists, give atropine, epinephrine infusion or
transcutaneous pacing as per the AHA ALS guidelines.’
Usually pre-emptive use of anticholinergics are avoided as it
might result in the loss of the indication of surgical encroachment
on vital areas.
If the patient develops asystole, commence CPR as soon as
possible.
2.The position of the patient (table 2)
a.Supine position

Here the concern is that any effort to carry out chest
compressions with the head of the patient attached to the head
fixation device (Mayfield or Sugita) may cause damage to
the scalp, skull and cervical spine. This may also happen due
to involuntary movement due to defibrillation. Hence it is
reasonable that the head of the patient should be detached from
the fixation device before giving shock or chest compressions as
soon as feasible.
There also lies a possibility of defibrillation resulting in burn
injuries at the site of insertion of the skull pins. However, no
documentation is made in literature of any evident damage due
to burns at the point of pin entry.”®
Start CPR in the time the neurosurgeon holds the patient’s head.
Later on move the patient down the operation table so that a
fixed rest is provided for the head.
b.Lateral position

Despite the fact that carrying out chest compressions
with the patient in lateral position has been documented, its
effectiveness is not known.” Hence, the patient should be made
supine as soon and safely as feasible. If defibrillation is needed,
use of the anteroposterior paddle position is suggested; one
paddle above the left precordial area and the other just below
the left scapula.10 There has also been a case reported in the
literature where extracorporeal CPR was used to revive a
neurosurgical patient in the lateral position."
c.Prone position

Turning the patient supine is not always immediately
possible, due to skull pin fixation, halo fixation, open surgical
wounds, or protruding hardware. The time required for recruiting
enough hospital personnel to place the patient back in the supine
position safely approximately takes around 3 minutes which may
cause significant delays in starting CPR.12 There is no immediate
need to turn the patient to the supine position; CPR can be started
with the patient in the prone position used while preparations
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are being made to turn the patient supine. Compressions should
be performed in the midline of thoracic spine between T7 and
T9 using the same technique as during supine CPR.!* The 2020
AHA guidelines also recommend that when the victim cannot be
placed in the supine position, it may be reasonable for rescuers
to provide CPR with the victim in the prone position. In patients
with a midline surgical incision, prone chest compression with
1 hand on each side of the incision has been successfully used.'
In some studies posterior compression generated higher mean
arterial pressures than anterior compression.'>!¢ The postulated
mechanism is that since the abdomen is in contact with a solid
surface, the movement of abdominal structures is restricted,
making the compressions more effective.'?

Successful resuscitation following posterior chest
compression has been reported.'”” As CPR is started,
simultaneously remove any surgical instruments from the wound
and pack the wound to reduce blood loss. If the patient’s head
is fixed in pins, they should be managed as described above.
Few cases will be made prone with the help of a frame (e.g.
Wilson frame, Relton-Hall frame) or pillows and bolsters. In
such scenarios chest compression may not be efficacious unless
counter pressure from a solid surface is put in. For defibrillation
paddles can be kept cither posterolateral (one in the left mid-
axillary line, the other above the right scapula) or in the bi-
axillary positions.’

If chest compressions are not effective we should turn
the patient into supine position. Attaining this may be tedious,
time-consuming and risky because of the presence of an exposed
surgical field or an unstable spine.

d.Sitting position

Although there is mostly access to the chest to allow defibrillation
or cardiac massage, proper chest compressions are not feasible.
Hence the patient needs to be made supine as quickly as possible.

Table 2: Brief of management of cardiac emergencies in various
positions

Supine | Immediate chest compressions and/or defibrilla-
tion

Prone Immediate chest compressions: apply compres-
sions between shoulders with fist/support beneath
sternum

Immediate defibrillation if required

Move to supine as soon as possible

Lateral | Begin chest compressions in lateral position: ap-
ply chest compressions to sternum while stabiliz-
ing back (two-person technique)

Immediate defibrillation

Move to supine as soon as possible

3.CPR on a patient with an exposed wound
All instruments should be taken out to stop incidental tissue
injury. Also following successful resuscitation, achieving
hemostasis may be problematic sometimes [20].
POST-RESUSCITATION MANAGEMENT
oQuick hemostasis should be secured
e Consider further surgical options which may include:
oCarry on with the intended original surgical procedure
oChange the goals of surgical procedure
oAbandon surgery

ADDITIONAL POINTS TO CONSIDER
° Every member of the neurosurgical team
(neurosurgeons, neuroanesthetists and surgical staff) should
be involved and well trained in the procedure of emergency
repositioning of a patient
° Prior to any case ideally we should check and confirm
the following:
o the resuscitation trolley and defibrillator
o a trolley or bed on to which the patient can be laid
supine
° In cases with increased chances of an arrhythmia who
are not supine or where access is limited, put transcutaneous
adhesive defibrillation pads before the start of surgery.

° An accurate documentation of the event and measures
taken should be made.
° Review of the event at a local morbidity and mortality

meeting or equivalent should be done later on.

CONCLUSIONS

The neurosurgical patient population is unique on whom
ALS protocol cannot always be employed conventionally during
cardiac arrest, since it is affected by the position, the surgical
procedure, and the skull fixation devices used. Therefore it is
important to have a good knowledge of underlying causes as well
as their management. One should remember that managing such
scenarios is always a teamwork involving the neurosurgeons,
neuroanesthetists and surgical staff. Resuscitation protocol
is individualized as per the scenario and available resources.
Training of the concerned operation theatre team including
simulation should be done regularly.
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