
CAREERS THROUGH MATHS: ANAESTHETIST

JOB DESCRIPTION

An  anaesthetist  is  a  highly  specialised  medical  doctor  responsible  for  the  total

perioperative care of patients before, during, and after surgery. Their primary duties

include administering anaesthesia to induce a state of controlled unconsciousness or

numbness, managing the patient's vital functions (airway, breathing, circulation, and

temperature),  and ensuring their  safety  and comfort  throughout  the procedure.  A

typical day involves pre-operative assessments in clinic to evaluate a patient's fitness

for anaesthesia, planning personalised drug regimens in the operating theatre for a

diverse caseload—from elective orthopaedic surgery at a NHS Trust like University

College London Hospitals to emergency caesarean sections—and providing critical

care in the Intensive Therapy Unit (ITU) for the most unwell patients.

The work environment is predominantly hospital-based, primarily within NHS trusts

and private healthcare providers like BMI Healthcare or Nuffield Health. It is a high-

pressure,  fast-paced  setting  that  demands  intense  concentration,  precision,  and

seamless teamwork with surgeons, nurses, and operating department practitioners.

Beyond the theatre, anaesthetists are experts in pain medicine, running chronic pain

clinics, and are central to resuscitation teams and maternity services. Their role is

fundamentally  one  of  applied  human  physiology,  where  they  must  continuously

monitor and respond to complex biological data.

Mathematics  is  central  to  every  aspect  of  this  role.  Anaesthetists  are  applied

mathematicians of human physiology, using quantitative reasoning to solve complex,

dynamic  problems  in  real-time.  They  constantly  perform  mental  arithmetic  to



calculate precise drug dosages based on a patient's weight, age, and renal function,

and  use  pharmacokinetic  principles  to  titrate  intravenous  infusions  to  achieve  a

desired effect. The role requires a deep understanding of physics to manage gas laws

governing the delivery of volatile anaesthetic agents and to operate sophisticated

monitoring  equipment  that  provides  a  constant  stream  of  numerical  data  on

cardiovascular and respiratory function.

HOW MATHEMATICS IS USED

Pharmacokinetics and Pharmacodynamics: This is the mathematical modelling

of  how  the  body  absorbs,  distributes,  metabolises,  and  excretes  drugs

(pharmacokinetics) and the quantitative relationship between drug concentration

and  its  effect  (pharmacodynamics).  Anaesthetists  use  these  models  daily.  For

example, calculating the initial bolus dose of propofol for induction of anaesthesia

using a standard mg/kg formula. They then use complex models, like the Marsh

or Schnider models, which are programmed into target-controlled infusion (TCI)

pumps.  These pumps use integral  calculus to continuously adjust  the infusion

rate to achieve and maintain a precise plasma or effect-site concentration of the

drug,  tailored  to  an  individual  patient's  demographics.  A  second  example  is

calculating  the  dosage  of  local  anaesthetics  like  lidocaine  for  a  nerve  block,

ensuring it stays below the maximum safe dose (e.g., 3mg/kg without adrenaline)

to avoid toxicity.

Physiological Modelling and Calculus: Anaesthetists manage systems that are

constantly changing, which requires an understanding of rates of change, a core

concept of calculus. For instance, they use the principles of gas laws (Boyle's,

Charles', Henry's) to manage mechanical ventilation. Calculating the correct tidal

volume for a patient with acute respiratory distress syndrome (ARDS) involves

understanding  lung  compliance  (change  in  volume/change  in  pressure).  In

managing septic shock, they use the Frank-Starling law of the heart, interpreting

data from cardiac output monitors that use mathematical algorithms (e.g., lithium

dilution  or  arterial  waveform  analysis)  to  guide  fluid  resuscitation  and  drug

therapy to optimise stroke volume.

Statistics  and  Risk  Analysis: Evidence-based  medicine  in  anaesthesia  is

grounded in statistics. Anaesthetists must interpret published research, clinical

trials,  and  meta-analyses  to  inform  their  practice.  They  use  risk  stratification

• 

• 

• 



scores  daily,  such  as  the  APACHE  II  score  in  ITU  or  the  POSSUM  score  for

predicting surgical morbidity and mortality. When obtaining informed consent,

they  quantify  risks  using  statistical  probabilities  (e.g.,  "The  risk  of  a  serious

allergic reaction is approximately 1 in 10,000") derived from large-scale audits

like the National Audit Project (NAP) run by the Royal College of Anaesthetists

(RCoA).

Dosage Calculations and Dimensional Analysis: This is the most frequently used

mathematical skill. Every drug administered requires a precise calculation to ensure

efficacy and safety. A typical problem: A 70kg patient requires a 2mg/kg bolus of a

drug supplied as 100mg in 10ml. The required dose is 140mg, which is 14ml. For

infusions, they are common: noradrenaline is often prepared as 4mg in 50ml and run

at a rate of, for example, 0.1 mcg/kg/min. This requires calculating the infusion rate

in ml/hr: (0.1 mcg/kg/min 70 kg * 60 min/hr) / (4000 mcg/50ml) = (420 mcg/hr) /

(80  mcg/ml)  =  5.25  ml/hr.  This  must  be  done  quickly  and  accurately  under

pressure.

Haemodynamics  and  Fluid  Management: Anaesthetists  are  experts  in

managing  the  cardiovascular  system,  which  involves  constant  mathematical

analysis. They interpret numerical data from arterial lines (blood pressure, heart

rate),  central  venous  lines  (central  venous  pressure),  and advanced monitors

(cardiac  output,  stroke  volume  variation).  They  calculate  fluid  balances,

comparing inputs (IV fluids, blood products) against outputs (urine, blood loss).

Estimating  blood  loss  during  surgery  is  a  critical  calculation,  often  done  by

visually assessing the volume in suction bottles and weighing surgical swabs.

KEY SKILLS & TOOLS

Skill/Tool Application

Target-Controlled

Infusion (TCI) Pumps

These devices use integrated pharmacokinetic models (e.g.,

Marsh for propofol) to automatically calculate and deliver the

infusion rate required to achieve a user-set plasma drug

concentration. The anaesthetist must understand the underlying

mathematics to set appropriate targets and troubleshoot.

Arterial Blood Gas

(ABG) Analysers

These provide critical numerical data on a patient's acid-base

status (pH, pCO2, HCO3-), oxygenation (pO2), and electrolytes.
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Anaesthetists use the Henderson-Hasselbalch equation and the

Stewart approach to physiochemistry to interpret these results

and calculate corrective measures, such as the dose of sodium

bicarbonate needed.

Haemodynamic

Monitoring Systems

Devices like the LiDCO™ or Edwards Vigileo™ system use

mathematical algorithms (e.g., pulse contour analysis) to derive

continuous cardiac output, stroke volume, and other variables

from an arterial pressure waveform. Anaesthetists analyse this

data to make quantitative decisions on fluid and drug therapy.

Risk Prediction

Models & Audit

Software

Using tools like the NELA (National Emergency Laparotomy

Audit) risk calculator or analysing data through platforms like

the CQC (Care Quality Commission) outcomes framework

requires statistical literacy to assess individual patient risk and

benchmark departmental performance against national

standards.

Anaesthetic Machine

and Vaporisers

These are precision-engineered devices that rely on physics and

mathematics. Vaporisers are calibrated for specific agents and

deliver accurate concentrations via carefully controlled gas flow

rates, governed by Boyle's law and other gas laws. The

anaesthetist must understand these principles to ensure patient

safety.

Communication with

the Multidisciplinary

Team

Anaesthetists must clearly present complex numerical data

(e.g., haemodynamic parameters, blood gas results, calculated

risks) to surgeons, ITU nurses, and other team members to

facilitate collaborative decision-making for patient care.

Quality Control and

Audit

Participating in national audits like the RCoA's Audit and Quality

Improvement (AQUI) portfolio involves collecting, analysing,

and interpreting clinical data using statistical methods to drive

improvements in patient safety and outcomes across the NHS.

Typical Pathway: The pathway begins with excelling in science and mathematics at

GCSE  and  A-Level,  typically  achieving  top  grades  in  Biology,  Chemistry,  and

Mathematics or Physics. Prospective students must then complete a medical degree

(usually  5-6  years)  recognised  by  the  General  Medical  Council  (GMC)  at  a  UK

university;  this  is  highly  competitive  and requires  a  strong UCAS application and

performance in  the UCAT or  BMAT entrance exams.  Following graduation,  newly

qualified doctors enter the two-year UK Foundation Programme. After this, they apply



for core anaesthetic training (CT1-CT2), a two-year programme that involves passing

the primary FRCA (Fellowship of  the Royal College of  Anaesthetists)  examination.

This is followed by five years of higher specialist training (ST3-ST7+), culminating in

the  final  FRCA  exam.  Upon  completion,  they  gain  a  Certificate  of  Completion  of

Training (CCT) and can apply for a consultant anaesthetist post within the NHS or

private sector. Continuous professional development is mandatory, overseen by the

GMC.

Industry Demand: Demand for anaesthetists in the UK is consistently very high. The

NHS  Long  Term  Plan  emphasises  expanding  surgical  capacity  and  critical  care

services,  directly  increasing  the  need  for  anaesthetic  consultants.  The  Health

Foundation reports significant medical workforce shortages, with anaesthesia being a

speciality  with  a  high  density  of  overseas-trained  doctors,  indicating  a  persistent

domestic shortfall.  An ageing population requiring more complex surgery and the

expansion of perioperative medicine and chronic pain services further fuels demand.

Job security is exceptional, with opportunities in every NHS trust and private hospital

across the country.

Real-World Impact: Anaesthetists are pivotal to the functioning of the NHS, enabling

over 5 million surgical  procedures annually in England alone.  Their  mathematical

expertise directly improves patient safety, contributing to the UK having one of the

lowest rates of anaesthetic-related mortality in the world. They are leaders in critical

care, managing the sickest patients, including those with COVID-19, and their work in

pain  clinics  improves  the  quality  of  life  for  thousands.  By  ensuring  the  safe  and

efficient running of operating theatres, they are not only clinical experts but also key

economic enablers for the healthcare system, reducing complications and hospital

stays through their precise, mathematically-grounded care.
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