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PHYSIOLOGICAL CHANGES OF PREGNANCY . ----- Active space ---
ANAESTHESIA IMPLICATIONS

Physiological changes of pregnancy :
modernal adoptodions to meet demands of pregnancy.
* Support to the fetus : Matemnal body supplies nuitrients, oxygen fo the
fetus and eliminate woste products $rom the fetus.
* Preparation of uterus for labor.
* Protection of mother ot delivery : Protection $rom the blood loss.

Sgs’tems undergoing chanses in pregnancy :

¢ Cordiovosculor 53stem. *  gostrointestingl 35stem

¢ Q.espim’rorg s5s’cem. ¢ Renol sgskem

L] Hemkolosical 33stem * Central nenvous sgs’cem.
Cardiovascular system 00:03:00

Changes in phgsicad examinodion :

¢ Leftward displacement of cardiae impulse * Shitts the apical impulse at 4th
intercostal space.

* Accertuotion of 31 : Due to increased size and blood Slow in the heart.

* Typical gjection systolic murmur ok left stermal border : 1t is a. benign Hlow
rourmur due o dricuspid requrgitation.

* 20& ¢ Increase in HR, short PR § QT interval, left shift of axis is considered
normad in pregnonccy.

* ECHO : Lvh (S0% o term), valvular regqurgitation (TR, PR, MRD.

Po.’chophgsiolosgj of these changes :
orty pregnancy

LProqecherone + nitric oxide (NO)
11

Peripheral arterial vasodilotion — Reduced SVR
\

Hcﬁvaﬁon of Renin AT aldosterone qutem_l
¥

Sodium § waker retention
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2 - Physiological Changes and Monitoring

Active space -~

Lote pregnancy :

Progressive development of low resistance |
high Slow wkeroplacental cireulation J

Reduced SVR
; v
Compensatory |EQ$ ac\rwo&ml
tochycardio. l
No. and woder retention
Normalised vascular filling
1 Blood volume »
T Lveov
1 stroke volume

Increased heort rode :
* Increases early (4-5 weeks).
* I5-as% increase by end of first 4rimester.
* No change in further trimesters.

* Decreases to pre~pregnancy level b}j a weeks post partum.

Stroke volume ¢

1 elood volume +
ventriculor dilodion
1 Lveov

$ m\\jocardia[l conkrac‘tilﬂg
1 gjection fraction

|

1 Heart rod 4-5 weeks IS-a5% No change
} stroke volume - ao% a5-30% -
1 cordioc output | S weeks 35-40% SO% No change
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Physiological Changes Of Pregnancy : Anaesthesia Impilications - 3

Cordioc ou@cput during tobor :

Lobor ¥ stage

Co (Pre-lobor)

ast.

o (Pre-pregnanciy

15%

Lakbor 8™ stage _
i postpartum
‘o | s
0% 1S0%

* 1t tokes a4 howrs for CO to drop to pre-labor volues.
* W fokes 14 10 24 weeks for CO to drop ‘o pre—pregnancy volues.

Major hemodynamic changes :

Changa {%)
8§ 8683828858288

Hemodynamic changes

-4 CO -9 SV wte- HR —— Hb ~—~ TPVR

CC - Cardiac output
SV - Stroke volume
HR - Heartrate

Hb - Hemoglobin
TPVR

- Total peripheral vascular resistance

Critical phases in pregnancy (Peak increose in CO) ¢

* 14—l Weeks.
*  28-34 weeks.
* Labor.

* 73 Hours postpartum (S0% increose).

* Returm o non pregnant state b5 3~ months postpartum.

These pakients with signs of heart failure needs 1o be evaluated Yor undeﬂaing

diseose.

Slcod pressure :
o | 5w

* 55$’cemic moternol vasodilodion.

* Resultant | coO.

Obstetric Anaesthesia * v1.0  Marrow Programme for Anaesthesia Residents
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4 - Physiological Changes and Monitoring

* | <8P, DBP, MAP (First trimester o mid-pregnancy).
e | DBP more than | S8R

* Return o baseline ok term.

Aortocaval compression : [y
Supine position af term gestodion leads 4o : "
* Neor complete WC obstruction.
* Partial compression of aorto.

i

* | preload } svandco
* 1} afterioad (o-30%)
| uterine blood Sow (AO%W

Left lateral position ot term gestodion :
* Partiol IVC compression.
*  venous return maintained b3 collakerals.

Hence it is advised 4o maintain :
* Left uterine displacement I18-30 weeks
onwoyrds.

3030 pHA updoke on maternal resuscitokion

Gontinue BLS/ACLS

| @ High-quality CPR

* Dofibrillation when indicated
| = Other ACLS Infecventions

| {sg, epinepiing)

|

| Assemide mateme carchac srreet taam |

|

| Consider stiology of arrest. |

I

Pearform metermal interventions Parform obstetric ierventions
= Pariom siway managomernt * Provide continuoua lateral utering
* Administsr 10096 O, avold displacenwent

axcess ventiation = Datach feta] monitars
* Ptaos IV above diaphragm = Prapare for perimortecn Cusarean
» H recaiving IV megneshun, stop and Oelvery

give caloium chioride or gluconsie

Continue BLB/ACLS Perform perimoriem csseresn
* High-quaity CPR o
+ Defibritiation when Indiceted . wmnoschfmnm
+ Other ACLS Intorvarntions joi -
(05, epinephring)

i
[vemime |

Cordioe orrest in pregnancy in-hospital ACLS alsorirt\'m

QObstetric Anaesthesia + v1.0 » Marrow Programme for Anassthesia Residents



Physiological Changes Of Pregnancy : Anaesthesia Implications - 5

Qegionod blood Yow: Active space ~
* uterine blood flow |
(50 mL/min —» 100-966 mL/mir. |
* Renoal plasmo. Slow. ’ Al increosed
* 2Kkin blood Sow. '
* Pulmonary blood Sow.

Note : 8lood volume in o. pregnant lady would be 6300mL, and might lose up o
4500m| in S minutes. Hence do not underestimade blood loss.

Summara :
* Heartrate — Increased I5-35%
* Shroke volume — Increased a5-30%
* Cardioc output —> Increased upto SO%
¢ LV-EDV —> Increased.
* gjection fraction — increased.
* ovP/PCwP — No change.
* SVR —» Reduced 30%.
* &P — Decreosed,

Respiratory system 00:20:30

Anatomical changes :
» | gstrogen, 1 biocod volume and hypervaseularity — mucosal edema, of

nose; oropharynx and larynx.

%mp’coms :

* Nasal congestion : Perceived os shortness of breoth.
®  Rhinitis.
e ePistaxis .

Anaesthesia. implicodions
* Coreful airway handling, laryngoseopy, suctioning due to risk of bleeding,
* Nasal airway placement may lead 1o epistaxis.
* tarly upper airway obstruction.
* Rdvonced Mallampatti grade (Can reach MPC 3-4).
. smal\handleendotrachealmbeneads‘coberead&
* greost engovrgemen’c.

Obstetric Anaesthesia - v1.0 * Marrow Programme for Anaesthesia Residents



6 - Physiological Changes and Monitoring

Changes in mechanics of respiration :
. Diaphmgm exeursion — Increased.
* Chest wall excursion —» Decreased,
° Respiratory muscle s{rength — No change.
* Fevi —» No chanse.
* Fevi/ FVC — No change.
* Closing capacity — No change.
Respiration comple‘ce|5 cho.nses ‘o ’co’ca!\5 diaphmgmaf\c Inspiradion.

{ y A

e 1BTO

_,""1——lu——b\\
H i
3 B

H | i
/
> /'

Rln SR S

mechanical chanses in respiraﬁon

5§ g—:«aéi

K
! Blavation of diaphragm
Lung volurnes and copacities
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Physiological Changes Of Pregnancy : Anaesthesia implications - 7

when patient is supine, the following changes take place :  ctifaspace=
° Upwoard disphragmodic displacement.
¢ O\osins C&PO&&H > FRC.
N niruuafj collopse durinS tidal breod‘ninS.
* Risk of atelectasis § hypoxemia.
All of which lead to faster desoturation.

" forameter | i
L _umumes @000
Inspiratory reserve volume o + 5% |
_ Tidal volume + 459, §
Expiratory reserve volume - 3s% |
N Residual volume . - 15%
Lung capacities |
Inspiradory copadity o +15%
- 80% ok term
Functionol residual copacity ~ 30% in supine
Vvital capagity No chanae
Total lung capacity - %

Changes in ventilation :
* Progesterone which is a. respiratory stimulant, leads to :
- | metobolism and § O, production — § In minute vertilation — Raise
in TV upto 40% and RR upto 5%
* This leads o further increase in oxygen consumption and work of brea&'n'ms.

Porameter ._.Te\_’m_ Is’lrstaqe of labor | and stoge of labor
minute ventilodion +S0% +70-140% +3a0~300%
Oxyaen Consumption +30% +40% +15%

These chanses resultin ¢
* Dysprea.
* Respiradory allkalosis in pregnancy,.
* Hypocarbia § alkalosis during labor.
* Increased 04 reguirement 5 lactake concentrodion during labor.
This further results in right shitt in the dissociadion curve.
Hence epidural anaesthesia is given +o reduce these changes b5 reduction in
pain and minute ventiladion.

Obstetric Anaesthesia * vi.0 » Marrow Programme for Anaesthesia Residents



8 - Physiological Changes and Monitoring

_____ Active space - Clinical significance :
* OifSicult oirwoy, reduced FRC, increased O, requirement all lead.'mg ‘o early
desoduration.
* Thisconbe mamged bg pre oxagenod"\on brin31n3 Fora >80%
C)nansae in blood goses:
pH 1.35-14S TAO-14S
PaLo, 25-45 a1-34
Pol. 80-100 01104
HCO2 33-3b I8-3a
* Thenet ph5siolosic result of respirodory c\'nnges is o lowering of maternal
PaCO, to less than that of the fetus, thus Facilitating effective exchanoe ot
co, from Letus o mother,
* maternal CO, should always be less than fetal value for normal Slow of co,
. Qespimtor}j alkalosis —» Normal.
* PalO, ¥33SmmHg —> impending respirotory Lailure.
* PaCO, >40mmHg — Fronk respim&org failure.
Haematology 00:35:06
Blood volume :
gstrogen Stimulation of Renin AT 1 Plasma volume
Progesterone aldosterone system 1 8lood volume
dehydroepiondrosterone 1 No.§ water retention S0% ok term
Pmaes{'erone

_ 1 rec. volume
Prolactin ——»{T erythropoiesis I—- A

Plocental Lactogen

* Plasma. volume > R&C volume, which leads to physiclogical anemia.

Advantages of moternal hemodilution
* Decreased blood viscosity, improved, ukeroplacental perfusion.
* Prevents blood stasis and placental thrombosis.
* Protective mechanism against excessive blood less ot delivery,
* Plasma. volume expansion maintains blood pressure in the presence of
decreased vaseulor fone.

Obstetric Anaesthesia « v1.0 « Marrow Programme for Anaesthesia Residents




Physiological Changes Of Pregnancy : Anaesthesia Implications - 9

Plosma. prokeins :
¢ Totol proteins : Decreased,
* Albumin concentration : Decreosed,

Colloid osmotic pressure :
* Non presnan’c * 3b-a8 mm Hg,
° Pregnanc}j ! Reduced to 23 mm Hg
¢ Postpartum : Reduced to IS mm Hg.

Note : uihen this low colloidal osmotic pressure blood flows through the body, it
can lead o puimonary edemo. and hence precaution needs to be taken before
giving Suids.

* PCWIP: b-l1a mmHo,

* COP - PCWIP gradient * 13-1S MMHg,

Coagulation :
* Pregnancy is ahSPerwagwable stote in order 1o minimize blood loss ot
delivery.
* Thereis:

- Clotting factors leading +o risk of thrombosis.

- | Platelets due to increased consumption and destruction of platelets
leading to risk of gestational thrombocytopenio. (Platelet count > laikh
and < 1S lakh.

~ 1 Fibrinolysis.

magwa’don pamme’cers ot ferm Sesta‘don :
* Increased foctor concentrotions

~ Foctor | - Foctor IX,

- Foctor Vil - Fogtor X

- Foctor vill, - Foctor X\,
* unchanged factor concentrations :

- Foetor i - Foetor v,
* Decreosed foctor concentrotions :

- Fastor X1 - Fogtor X\,

* Increased clotting foctors goes further high in Ist week postpartum, but
tokes & weeks to return back to the pre pregnancy stote.
¢ PT, APTT : Shortened.

Te& : Hypercoagulable.

Obstetric Anaesthesia « v1.0 « Marrow Programme for Anaesthesia Residents
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10 - Physiological Changes and Monitoring

Note : Mother is prepared for the hemorchage of childbirtn, but there is
increased risk of thromibboembolism not on\5 dur'mg pregnancy but olso durins

puer pe-r am.

Reducing the risk of venous thromboembolism during pregnancy and the

puerperium :

Risk factors for venous thromboembolism in pregnancy

|
|
|
|
|
L.
|

and the puerperium

Medical comorbidities 6.g. cancer; heart faflure; active SLE, inflammatory polysstivopathy or

1BD; nepiyotio syndrome; type | diabetas mellitus with nephropathy; sickle ceil disease;

| cument intravenous drug user
Age > 35 years

qb&qwl;_mwmm_mmwhmm
Parity = 3 {a woman becomes psra 3 after her thed detvery)

| Smoking
| Gross varicoss veins (symptomatic or above knee o with associated phiehitis, codema/skin

;W)

;P o

Muttiple pregnancy “
Cument pre-eciampsia

Cagsarean section
Prolonged labour {> 24 hours) [

| Mid-cavity or rotational operative delivery |
Stilibirth .

Pretenm birth
Postpartum haemorthags (> 1 lre/requiring transfusion)

Any surgical procedure in pregnancy or pusrperium except immediate repair of the perineum,
ﬁ:ppmmy.postpummﬁsaﬂon

Hyperemesis, dehydration

syndroms (first trimester only) in vitro fertilisation (VF)

Admisgion or immobility e.g. pelvic girdle pain restricting mobility
(= 3 days bad rest)

c ic infection [requiring int 6.5, pheumon: sonentuit
antibiotics or admission to hospital} postpartum wound infection
Long-distance travel (> 4 hours) i

Obstetric Anaesthesia « v1.0 « Marrow Programme for Anaestnesia Residents



Physiclogical Changes Of Pregnancy : Anaesthesia Implications - 1

Pregnant patient with the ?onow‘\ng risk factors must be given
-thromboproPh}jlaxis :

N nge 738 Years,

¢ emi 725,

@ 6|€ed.in5 2l litve,

* Severe pre eclampsia.

----- Active space --

Renal system 00:43:40

Rleration in saskem and associoted clinical relevance :

I fterstion | Clinicol relevance
Hudronephrosis
Dilotion of collecting SHStem J nep ‘ )
@50 ns5mp’comodnc bacterurio.
- - Rigk of puelonephritis
increase in RBF (5%
Renal vasodiladion ‘ )
Increase in &FR (SO%)
jucosurio.
Atered. tubular Sunction &Y , ‘
Proteinurio |

Normal lab parameters during pregnancy :

_ varbe | Normolvabe
Blood urea. nitrogen 8-9 mg/d]
Serum creckinine 05-0. ma/d)
Bicarbonate _18-31 meg/L |
Urinary proteins MBX loss : 300 ma/a4 he
Plasma. osmolarity 380 mosm/L
(} 10 mosm/L)

Summarg :
* Creatinine § nitrogenous waste : excreted,
* Sodium and woder : Fittered but reoksorbed.
* pProtein : excreted,
* Sugors : exereted,

Obstetric Anassthesia * v1.0 « Marrow Programme for Anaesthesla Residents



12 - Physiological Changes and Monitoring

Gastrointeginal system ) 00:47:54

Overview :
* Reduced lower esophageal sphincter tone :
- The grovid uterus pushes the diaphrogm up ond. alters the relation of
the diaphragm and the lower esophogeal sphincter.
- Since pro ne is o. sSmooth muscle reloxont, increased levels of
progesterone couse change in the lower esophageal sphincter tone.
* godric agid secretion : Remains some.

o Delo.\jed Sas’cﬁc emp{g\ng in lobor.

Note :
sl the obove mentioned reasons cause an
. Rojsocausesadﬂmmrwaﬂ.

mamagemenk :
Antocid prophglaxis :
* Non particulate (03 molar sodium citrate 20 mb rapidly neutralises pH.
* W, receptor antagonist like : Ranitidine/ $famotidine.
= PO 140 3 hrs prior.
- IV : 30 mins prior.
* PP
* metoclorpromide * Increases gas’cr‘\c emptying ond intreases LeS tone.
~ Given ot least 20 ming before surgery.

gostric utrosound

The “empty’ antrum appeared collopsed The antrum appeared to expand
ond “Slad”, as the anterior and posterior in o circle when it was fled, with a
walls were 100 close 1o each other transparent liquid

Obstetric Anassthesia * v1.0 - Marrow Programme for Anaesthesia Residents



Physiological Changes Of Pregnancy : Anaesthesia Implications - 13

----- Active space ---

The antrum with mixed echo contents appeared
1o expond when flled with solid contents, giving
the fim o, “frosted gloss” appearance

Central nervous system 00:54:58
Increased sensiﬁ\ﬁ’qj to:
* volotile anaesthetic agents : MAC reduced bﬂ 40%, the clinical doses remain
the same.
* Sedotives.
* muscle reloxont
- Pseudocholinesterase is reduced by as% but increosed volume of
distribution.
-~ Clinically there is no prolongation of the durotion of single dose scholire.
- Sensitvity to vecuronium and rocuronium is increased.

Local anaesthetics (Neuroxial anaesthesio) :

* Progesterone increases newrol sensitivity towards the
local anoesthetics.

* engorged epidural veins help in reducing the \\ ‘”\
required dose of local anaesthetic by as% for spinal Q L
onaesthesio. E

* There is no change in drug requirement for epidural
onoesthesio.

Technical aspect of neuraxial anoesthesio. :
* increosed lumbar lordosis.
. widenins of pelvis causes head down 4itt : Ditfieult to
inject — Need for less LA — Rapid ongset — Tends to Palvic widening e rsutart hesd-down tt i the fatesl position
during praghancy. Unper panal, pragnent; lower pane!, nonpragnant.
spread higher due ‘o widening of pelvis.

Obstetric Anaesthesia » v1.0 * Marrow Programme for Anaesthesia Residents



- Active space - PLACENTAL DRUG TRANSFER

Introduction 00:01:13

The human placenta. is a. complex orgon that acts as the interfoce between the
mother and fetus.

Functions :
L @os exchanoe and the transber of nutrients and waste products between
modternal and fetol plasme.
8. Transber of immunity by fransfer of immunoglobuling from the mother o
the fetus.
3, Seeretion of hormones which are important for fetal growth and
development.

Vascular architecture :
modemal :

* 8loody supply to uterus — Uterine artery and ovarian artery — Rrcuode
arteries — smoll branches supply myometrium; large branches Radiol
artery) supply endometrium —» Spiral arteries supply placenta. —
Trophoblastic invasion during early gestadion —> Loss 6f smooth muscular
layjer — Vosodilotion — § Biood fow to placenta. — Blood enters into
intervillous space (Pool of maternal biood) —> Drain into collecting veins —»
uterine and ovarian veins —> WC.,

Fetal :
* 3 umblical arteries carry deoxggeno.’ced blood — Chorionic arteries —»
Copillaries — enter villi = Drains indo chorionic veirs — Drains into umblical
veins which casry oxygenated blood to fetus.,

Obstetric Anaesthesia » v1.0 - Marrow Programme for Anaesthesia Residents



Placental Drug Transfer - 15

Umbilical

Umbilical
aterles

vein

Intervillous

Chorionic
arteries and veins

U
&
-t
ﬁ.g
® e
v'g
e
=
L)

Intervillous
space

s

3E |

g} | Placental

g8 septum

g L

basali yometri Endometrial  Endometrial
o " " Nitabuch's layer veins  aneries
Crosss section of placenta.

Note :

* No autoregulation in uterine blood supply,

Uteroplacental blood Slow :

{ Uterine arterial pressure : endogenous vasoconstrictors :
* Rortocaval compression * Cotecholomines (Stress)
* Hypovolemia. * vasopressin (in response to
* sion huypovolemia)
1 uterine venous pressure : Ex0genoous vasoconstrictors :
* Veno. caval compression * gpinephrine
* Uterine contractions ¢ Vasopressors (Phenylephrine >
* Drug induced uterine gphedrine)
tachysystole (Oxytocin, LA * Locol anaesthetics in high
*  Valsalve. moaneuver, seizures coneentrations

Obstetric Anaesthesia * v1.0 * Marrow Programme for Anaesthesla Residents
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Physiological Changes and Monitoring

oreo
molecular weight of
Plocental thickness dr
pH of matemal and Yetal . "3 .
L\pid SO\U.blH.B
blood
Plocentol metolbolism me' bindi
in
uteroplacental blood fow _ ™ _
Concerrtrodion Smd\en{'
Presence of plocental
OLYOSS p!acen\u
druq tronsporters
Mechanism 00:12:05
Tronsport mechonisns :
I, Passive ’cmnspor’c.

a. Focilitoted tronsport.
3. Retive transport.
4, Pinm3tosis.

Passive 'transpor‘t/ simple diftusion :
* most of the drugs are ’cransportedb3 Hhis mechanism.

Simple ditfusion :
* governed by Fiek)s law of diftusion :

Driven b3 concentrodion Sradien’c oLross o membrone.
No expenditure ot cellular energy,
€g: 0, CO, midazolam, poracetomol
eoverned by Fick's low of difSusion.

Q = K x 8A x (CU-C3)

d

Q * Rote of difSusion.
K : Dittusion constant.
<A : Surface areo. of placental membrane.
¢ : maternal concentration of free drug
C4 : Fetal concentration of free drug,

d : Thickness of placental membrone.

Obstetric Anaesthesia * v1.0 » Marrow Programme for Anaesthesia Residents



