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PHYSIOLOGICAL CHANGES OF PREGNANCY :
ANAESTHESIA IMPLICATIONS

Overview 00:00:16

Physiological changes of pregnancy
mo&ernoladap'cahons&cmee'cderm\dso?pregmn%
* Support to the fetus : matermal body supplies nutrients, oxynen to the
fetus and eliminate waste products from the fetus.
* Preparation of uterus for labor.
s mbnwmﬁwiwg:Hotedm%mebodm

Systems undergoing changes in pregnancy
. Cardiovw“sw

. Qapraiorasgste:n

‘ Hetv\a&obgwsgs{em

Y &ashbm’ces’malsgs‘kem

. QerWSEjs{'em.

* Central nervous system

Cardiovascular system _ 00:03:00

uwgesnptgsico.lmmt\on
* Leftword displacement of cardiac impulse : Shifts the apical impuise at 4th
intercostal space.

* AcCentuation of SI : Due to increased size and blood Sow in the heart.

2 nge&bnsgstdhwatbﬂmww=msabe@%w
murmur due 1o tricuspid requrgitation.

* &G : Increase in HR, short PR § QT interval, left shift of auxis is considered

noranrW
* £CHO * LM (S0% of term), valvular regurgftation (TR, PR, M),



Pa*\ophgsiolosgo?’chesed-\msaz

garly pregnancy
Progesterone + nitric oxide (NO).
¢
Peripheral arterial vosodilodion —» Reduced SVR.
l
Retivation of Renin AT aldosterone sgskem.
|
Sodiwm § water retention,
Lote pregnancy |
Progressive development of low resistance h‘gh Sow uteroplacental circulation.
|
Reduced SVE.
v ' )
Compensatory RAS octivation.
retention.
—— Y ——
[T — _volun{e 1 . Normalised
L - vascular filing,
o foev |
| 1
| § stroke volume. |
Increosed heart rote !

* Increases early (4-5 weeks),

* 15-35% increase by end of first trimester,

* No change in further trimesters.

* Decreases 4o pre-pregnancy level by & weeks post partum.



1 Stroke volume.
a5-30% b3 second

Co (Pre-lakor) as% 40% 5%
¢o (Pre-pregnancy) % 0% S50%
* 1t tokes 34 hours for CO fo drop to pre-labor volues.

* Hiokes 1a t0 a4weehs¥orc0'codrop’copre-pre3mm5vohes.

Hemodyramic changes

Major hemodynamic changes : :I
" -
zm.ﬁ




Critical phases in pregnaney (Peak increase in co:

* Kb weeks.

* 38-33 weeks.

® Lobor,

* 73 Hours postpartum (S0% increase).

3 Rehuh’mnonpregnanksta&ebgs—bmommPostpw‘fm
Tmsepaﬁenksunﬂwsgrso?heaﬂwureneedstobeevmﬁed%w\dmyg
disease.

Blood pressure :

e | s

e $3stem|cmo&emo.lvasoddatm

* Resultant | CO.

| 58P, 0P, MaP (First trimester to mid-pregnancy).
| 08P > | sep

Return {0 baseline of term,

Rortocaval compression :
Supine position of term gestation leads 1o :
* Near complete IVC obstruction.

B Parﬁdcorrpres&iono’?aoﬂa.

-lPreioadd -,stw_\d_w
4 a%terioad Go-aom)
| uterine blood flow (20%)

be?&b&emlposiﬁmoﬂermgeskms
* Partial WVC compression.
" mremmmbgco\\aterds.

Hence it is advised o maintain :
* Left uterine displacement 18-30 weeks
onwards.




2030 RHA update on matemal resuscitation :

st e pregnancy it

\CLE atoorithe
ALLS slgormhm

Conticrws BLE/ACLY
o High-qusity (PR
¢ Deftwtation whan ivsicsted
* Outwr ACLS birveriiicg

Regjional blood Sow :
* uterine blood Slow
(50 m/min —» 100-900 m//mir). |
* Renal plasma. Sow. | Al icreased
* Skin blood Sow. |

* Pulmonary blood flow. )

&&oodvokumhap'egmn&hdgwowdbebsoom,mdmghtbseup&oﬁomﬁh
S minutes. Hence do not underestimate blood loss.

* Heort ro¥e —» increased 1I5-35%

* Stroke volume —» increosed as-30%
* Cardioe output — Increased upto SO%
* LV-EDV —» Incrensed,

* gjection fraction —» Increased,

* CvP/PCWP — No change.

* SWR —» Reduced 30%.

* 8P —» Decreased,



Respiratory system . 00:20:30
Anatomical changes :
* 1} estrogen, 1 level blood volume and huper vascularity —» mucosal edema

of nose, oropharynx and larynx.
Syrptoms

. nhsa!cms&eﬁomPerceNedassmﬂnesso%reo&h
* Rhinits.

* epistoxis .

Anaesthesia. implications :

* Careful airway handiing, laryngoscopy, suctioning due to risk of bleeding,
* Nasal airway placement moay lead to epistaxis.

. Eor\guppero.‘rwogobs!rucﬁon

* Advanced Mallampatti &rade (Can reach MPC 3-4).

* Small handle endotracheal tube needs 1o be ready,

* @8reast engorgement.

Changes in mechanics of respiration :

d thwasmexcursm—’meased.

* Chest wall excursion —» Decreased,

4 ResP‘m&orgmsdestrenSth—’mchmge.

J F&w—’mc\w\se.

* FevI/FVC — No change.

" Closing copacity — No change.

Respiradion completely changes to totally diaphragmadic inspiration.

mechanical chmges in respiroion.



Nonpregnant Gravids at term:

4 T 'y I 1 '
reserve vie '"m Vitl
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. Elevation of dlaphragm

M\enpoﬁer*iswphe,ﬂwewmmgchwaesmpme:
* Upward diaphragmadic displacement.
* Closing capacity > FRC.
* Ainway collapse during tidal breathing,

* Risk of ofelectasis i hgpoxemm.
Alofwhichleadto | o 0

Totel hung sececlty = 4100

(21



Changes in ventilation :
* Progesterone which ic a respirotory stirmulont, leads to ¢
- 1 metabolism and § €03 production » § n mnute ventilation —
Raise n TV upto 40% ond RR upto &%
* This leads to further increase in oxygen consurmption and work of breathing,

‘ aen ll +ao% ‘ +40% + 1%
Do CoRBuipHion |

These ch«mg% vesult in:
o Dgspnea.
. Qesp%ro&org olkolosis n pregnoncy,
* Hypocarbia. § akkolosis during labor.
* Increased 03 requirement £ lactate concentration during labor.

This Surther results in leM shift in the dissociodion curve.

Hmepma!amesﬁxesmisswmtormmesechmgesbgrmm
pahm\dmmteven’da&m

Clinical significance !
* Oifficult airway, reduced FRL, increased 03 requirement all leading to —
* This can be manoged by pre oxygenation bringing F,, , 780%

Chmgminbloodaas&s:

| " ot |
pH 135-14S 140-145 i
PaLO3 35-4S arsh
. Pa0a §0-100 101104
| WCO3 aa-ab 18-aa

* The net physiclogic remkb’?respiratorgcmngesisabwa‘hgc%mnm
PAC0a 4o less than that of the fetus, thus facilitating efective exchange of
€03 from fetus to mother.

* moternal CO_ should alwaws be less than Setal value For normal Sow of €O,



o ResPim’corg okkalosis —» normal.
* PoCOA >35mmHg —> Impending respiratory failure.
* PaCOA3 >40mmHg — Frank respiratory failure,

Hematology 00:35:06
elood volume :
| estrogen. ' Progesterone. |
| Progesterone. ’ Prolactin, |
1 Dek!jdroepmwdrnsterme | Placental Lactogen. |
‘Stimulation of Renin AT aldosterone | I
sytom: | 1 erythropoiesis. |
1 Na § waker retention. l |
| |
. | —
TTPtasrm volume, T
So ot ter 30% o term.
m. ————

(

* Plasma. volume ? RBC volume, which leads o phfjsiolosico.l anemio,

Advantoges of maternal hemodilution
* Decreased blood viscosity, improved uteroplacental perfusion.
Prevents blood stasis and placental thrombosis.
* Protective mechanism against excessive blood loss ot ddiverg.
* Plasma. volume expansion maintains blood pressure in the presence of
decrensed vasculor tone,

*

Plasma. proteins :
* Total proteins | Decreased,
*  Albumin concentration : Decreosed,

Colloid Osmotic Pressure

* Non pregnant : 36-38 mmHa,

* Fregnancy  Reduced o 33 mmig,
* Postpartum : Reduced 1o IS mmHg,



when this low colioidal osmotic pressure biood Slows through the bodﬂ, it can
lead to pulmonary edema ond hence precaution needs to be taken before
giving Suids.

* PCLP A mmHS.

* COP - PCLP gradient : 18-1S mmHg,

Coogulation :
* Pregnancyis o Wmog.dob!e stote n order 1o minimize blood loss ot
deivery
¢ Thereis:

- 4 Clotting factors leading to risk of thrombosis.

- | Platelets due to increased consumption and destruction of platelets
leading to risk of gestational thrombocytopenia. (Pladelet count 1 lakh
and <1S lakh.

- 1 Fibrinolysis.

Coogulation parameters ok term gestotion :
* Increased factor concentrations
- Factor i
- Foactor vi
- Foctor vii
- Foetor K
- Foctor X
- Factor xit
unchanged factor concentrations :
- Fagtor il
- Foetor v
* Decreased foctor concentrations
= Foctor xi
- Fockor i
» measeddoﬂthSSOesWh‘ghms&weehpostpmbﬁ
tokes 3 weeks to return baok to the pre pregnancy state.
PT, APTT : Shortened,

T’Eﬁm@ﬁpercoag;»labla

Mother is prepared for the hemorrhage of childbirth, but there is increased risk
of thromboembolism not only during pregnancy but also during puerperium

10



Reducing the risk of venous thromboembolism dur'mg pregnancy and, the
puerperium

Risk factors for venous thrombaembolism in pregnancy
and the puerperium

Prmopizian Pravioos VIE
Anthrmbin teficency
Provear G delivieney

Protpin § deficisnry
Fartor V Lsthon
Profvoimbe gans avteton

Artphosphobss anhbocves
Perssinat ummm NG/Or perwestent

Madical comortidion €. g. cancer, haart foline; actve SLE, mflamensiory polyarthropatiy of
180; nephoobe Syrvdioma: type | dabebes malktus with nephropathy; sickis ool disanse:
CUmMnt Intravendus doug user

Ape > 35 yoorg
Obeszy (B 2 30 kg m?) arther prapcegnancy of i sardy pregaancy
Parity & 3 fa woman becomas para 3 aitee hee Wird delaary}

Smokig
Gross vantos) voing {Symptomatic Or showe kats or wiith assocssted phistdss, oedemasin

Parapiopa
Obesetric risk Muitple pregnancy
facton Currom pre-ociampsia
Cangarsan secton
Prolongad labowt (> 24 howsk
My-cavity of torabonal Operstive GG oy
Subwth
Pretermeth
Posipantum hoarmorehiage > 1 irelmgueing trensfumon}
Hew ot/ Any Surgicel DrOCOTAIR 1) DIOONANCY IV DUAMIeNLIT excopt iMmadiate fepar of the pameum.
sransiont 0.0 SPPANCICACIDMY. POSIpaALM Sanisaton
Thase 2k (8GOS we oo
potentally revermbio Hypanunosis, SayQraton
::mmu
wages 10 Ovahin hypasimuismon Assintod repeochictive tnchaciogy JART),
goakalon then e pndrome WMt fuinaton §VF)
O o SIS . = e e
o may macher and Adensan of wmmobity 00 PObR Qe DD ACLNG MOty
egliee what (£ 3 Oay® DA sy
MR & o
crgeng setiniust Cutin SySISmc MISCHON (Equng AUBVeNous 8.0 PISUON, Prelonsphnibs,
ik LR WINUCE O SOMEMSON 15 hospeiad MMMM

Lang Gulwce el {- 4 hours)

Pregnant patient with the following risk Fastors must be given

hromboprophulaxis :

? ﬂsensws.

* &mi>as,

* Bleeding i litre.

* Sévere pre eclampsio.
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Renal system - ) 00:43:40

Nmaminsgs&anandmmadwreievm:

a :
| Dilation of coflecting sustem e "EFM' °; g
| ® >0, e S
| rense i (8.
| coicdition increase n REF (15%), |
| increase in 6FR (S0%). |
| Sk &lycosuria. !
| Proteinurio.

Marmodhbporwmta'sdur?gpregmwcy

. ®8lood ureo. nitrogen. 8-9 mo/dl. ,
_Serumcreoinine. | 0S-Obmg/d. |
 ekarbonote. _Eameah.
Urinary proteins. MAX loss ¢ 300 mg/a4 br.
Plasma osmolarity 280 mOsmv/L
L (} 1o mosVD.

» crea&hheinikrosenmwaste=&xcre‘ced,

* Sodium ond Woater : Fitered but reabsorbed,
* Protein : excreted,

* Supors : exereted,

Gastrointestinal system 00:47:54

Overview :
* Reduced lower esophageal sphuncter tone
- The grovid uterus pushes the diaphvagm up and alters the relation of

the diaplvagm and the lower %opiugea.l sphincter.
= Since progesterone i$ o smooth muscle relaxant, nereased levels of
progesterone cause change 1 the lower esophageal sphincter tone.

® godric onid secretion | Remains same.

* Delayed gastric emptying in labor.

12



All the above mentioned reasons cause an increased risk of aspirotion.
i also couses a ditficult airwoy,

Management :
Antacid prophylaxis :
* Non particulate (0.3 molar sodium citrate 20 m) rapidiy neutrolises ph.

* Ha receptor an‘l-oacr\ist like : Ranitidine/Samotidine. PO ¢ 1 40 & tws prior; v :

30 Mmins pnor
* A,
* metoclorpromide ¢ Increases Sastric emptg'w\g ond increases LES tone.
- &ven atleast 20 mins before surgery,

Gastric ultrasound :

The “empty? antrum oppeared collapsed and “fat”, as the
antterior and posterior walls were 00 close to each other.

The antrum appeared to expand in . circle when it was Aled
with a. trarsparent liguid,

13
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The antrum with mixed echo contents appeared to expand when filed
with solid contents, giving the fim o “frosted glass” appearance.

Central nervous system ) ) 0055458

Increased sensitivity 4o :

. whﬂewes&»eﬁcogenﬁ=n%redmedb3mmahmmm
the some.

* Sedodives.

* muscle reloxant :

- Pseudocholinesterase is reduced by as% but increased volume of
distribution.

- Clinically ﬂwereisnoprdorgatbnoié&\edumﬁono&lshgle dose scholine.

- Sensiw&}j'covecumnnmmdrocuronmismreased.

* Local anesthetics (Neuraxial anoesthesio) :

- Progesterone increases neural sensitivity towards the local
onoesthetics.
a‘goraedepMalvenshepmredxcvgﬂwerequweddoseo-?ioc&
am.es&\ehcbaasﬁ%rspmlanaes&mu

- There is no change in drug
requirement Yor epidural r&/
anaesthesia. R, 3

Technical aspect of neuraxiol anaesthesia. |

* inereosed umbor lordosis,

¢ widening of pelvs causes head down tilt ¢
Ditlicult to inject —» Meed for less LA
Rapid onset —» Tends to spread higher

Pyl witheoeng sed rwsailant il Guovo (1 n the itedat posit

due to widening of peis. e Ly . g e



PLACENTAL DRUG TRANSFER

Introduction 00:01:13

The human placenta. is a. complex organ thot acts as the interface between the

mother and fetus.

its functions are

L &as exchange ond the transter of nutrients and waste products between
maternal and fetal plasma.

a m?ero@hmm@bgkmo?imnwgbbwhs%m&\emm
the fetus.

3. Secretion of hormones which are important for fetal growth and
development.

Vascular architecture :

maternal :

Bloody supply o uterus —> uterine artery and ovarian artery —» frcuste
arteries — Small branches supply miyometrium; lorge branches Radial artery)
supply endometrium —» Spirol arteries supply placenta. — Trophoblastic
invasion during early gestation —> Loss of smoth muscular layer — vasodilation
-} lood Slow 4o placenta. — Blood enters into intervillous space (Pool of
madernal blood) —» Orain into collecting veins — Uterine and ovarian veins.

Fetal :

3 umblical arteries carry deoxygenated blood — Chorionic arteries —
Capiliaries — enter villi — Drains into chorionic veins — Drains into umblical
veins which carry oxygenated biood to fetus.

mece || chovionic place

ntenAlons Fetal side:

[

Maternal side:
bess? place

15
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uteroplacental blood Slow :
WL couses of decreased uterine bood Sow
o Lo Increased uterine vascular
) ] resstarce ¥
{ Uterine arterial pressure : endogenous vasoconstrictors :
* fortocaval compression * Catecholomines (Gtress)
* Hypovolemia I Vasopressin (in response to hy-
|
|} uterine venous pressure : Ex0genoous vasoconstrictors :
i * Vena. cavol compression | ¢ gpinephrine
| * uterine cm’cmchons * Vasopressors (Phenyjeprrine >
¢ umgrﬂwwduhwheﬂmWFgr qhakh@
tole (Oxytocin, LA * Locol anaesthetics in high con-
| * valsalva. maneuver, seizures certrations |
Fwﬁmsdﬁe&hgphmwhﬂﬁmﬁkro%du5=
5t Rl P, e e T T
it [l wal Yoetors | f
* Placentol surface area , kot
¢ Placental thickness we3
* pH o} maternal and fetal '. Sﬁguhhr
\
blood " g Y
* Placental metobolism g:é’bhd
L ] n H
| * Uteroplacental blood Sow | | a*;n‘sr .
|+ presence of pacentol "”s'” Jaden
aros (4§
drug transporters | Plosent
Mechanism 00:12:08
Transport mechanisms :
L Passive transport.

3. fociitoted &rmsport
3, fctive tram,port
4;PhMﬁﬁ5&



