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INTRODUCTION 
During pregnancy, the body undergoes various anatomical and 
physiological changes to support the increased metabolic demands, 
facilitate the proper development of the fetus, and prepare for delivery. 
Surgical emergencies in pregnant women, such as ovarian cyst torsion, 
appendicitis, strangulated hernias, and severe trauma, demand 

(1)immediate treatment.  Although the risk associated with surgery is 
comparable to that of the general population, managing anesthesia 

(2)during this period is particularly challenging. 

Changes Related To Cardiovascular System
In early pregnancy, the increase in blood circulation is due to higher 
levels of estrogen and progesterone, leading to peripheral blood vessel 

(3, 4) dilation and a decrease in systemic vascular resistance (SVR).  By 
the eighth week, cardiac output (CO) begins to rise to sustain blood 
pressure and support the uteroplacental unit, with an increase of 30-

 [5, 6].40% by the 24th week.   Initially, there is a rise in stroke volume 
 [7].(SV),   but subsequently, the heart rate (HR) increases to further 

elevate CO. The heart rate typically goes up by 15-25%, while stroke 
volume increases by 20-30%. Blood volume rises by as much as 2000 
ml, which enhances preload and end-diastolic volume (EDV), aiding 

 [8].in the management of blood loss.   A normal ECG during pregnancy 
may reveal left axis deviation, inverted T waves, and indications of left 
ventricular hypertrophy resulting from heart position changes and 

[9].diaphragm elevation .

(10)Anaesthetic Implications 
Enlargement of the epidural venous plexus heightens the likelihood of 
a bloody tap and potential complications when placing an epidural 
catheter. Because of decreased sensitivity of adrenergic receptors, 
larger quantities of vasopressors such as phenylephrine are required to 
control hypotension. In cases of general anesthesia, diminished stroke 
volume and sympathetic blockade may exacerbate supine hypotensive 
syndrome, therefore it is advisable to avoid lying supine or to utilize a 
lateral wedge.

Changes In The Respiratory System
By the second trimester, there is a 45% rise in minute ventilation, 

(12)  attributed mainly to an increase in tidal volume,  which reaches 50% 
above pre-pregnancy levels by full term. The signicant factor is a 
40% upsurge in tidal volume, supplemented by a 15% increase in 

(13)  respiratory rate. Although alveolar ventilation also rises, ow 
(14)  volume loops do not change.  During labor, minute ventilation can 

increase by 70-200%, while PaCO2 decreases by 10-15 mmHg, and 
oxygen consumption increases by 40-75%. After giving birth, these 
physiological changes generally return to pre-pregnancy levels within 
6-8 weeks.

Anaesthetic Implications
During pregnancy, the Mallampati classication worsens, especially 
during labor, increasing intubation difculty due to airway changes, 

 (15)larger breasts, and obesity.  Short-handled laryngoscopes, narrower 
tubes, and a ramp position may help, while nasotracheal intubation 
should be avoided due to bleeding risk. Reduced functional residual 
capacity (FRC) and increased oxygen consumption cause rapid 

 (16)desaturation during apnea.  Elevated minute ventilation accelerates 
pre-oxygenation and anesthet ic  absorpt ion.  Preventing 
hyperventilation is crucial to avoid respiratory alkalosis and impaired 
fetal oxygen delivery. Epidural analgesia helps by reducing metabolic 

 (17)demands during labor.

CHANGES IN THE HEMATOLOGICAL/IMMUNE SYSTEM
Leukocyte count increases to around 15,000/mm³, primarily due to 
polymorphonuclear cells with impaired function, heightening 

(18, 19)infection severity without increasing susceptibility.  Platelet 
production rises, but hemodilution and destruction prevent a 
s i g n i  c a n t  i n c r e a s e ,  s o m e t i m e s  c a u s i n g  g e s t a t i o n a l 

(20)thrombocytopenia, which resolves postpartum.  Pregnancy induces 
a hypercoagulable state, with increased clotting factors (except XI and 
XIII), reduced anticoagulants, and decreased brinolysis due to 
placental plasminogen activator inhibitor. Prothrombin and activated 
partial thromboplastin times decrease by 20%, with elevated brin 

(21-26)degradation products and plasminogen levels. 

Anaesthetic Implications
In a healthy pregnant woman, it is not required to check the platelet 
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ABSTRACT
During pregnancy, signicant physiological adaptations support increased metabolic demands and fetal development, particularly affecting the 
cardiovascular, respiratory, hematological, and renal systems. Echocardiographic ndings in pregnant women at a rural tertiary care hospital 
showed increased stroke volume (63.71 ± 5.16 mL vs. 55.0 ± 4.9 mL), cardiac output (5406.39 ± 684.78 mL/min vs. 4500 ± 600 mL/min), and left 
ventricular mass (168.11 ± 3.39 g vs. 140.0 ± 10.0 g), indicating cardiac remodeling. Pregnancy increases demand on the cardiovascular system, 
leading to signicant adaptations, including higher cardiac output (CO), plasma volume, stroke volume (SV), and heart rate (HR), along with 
decreased systemic vascular resistance (SVR) and mean arterial pressure. Hemodynamic changes included elevated heart rate (84.79 ± 7.62 bpm 
vs. 75.00 ± 6.50 bpm) and systolic BP (120.84 ± 7.05 mmHg vs. 115.00 ± 6.80 mmHg), with lower diastolic BP and MAP. Doppler ndings 
revealed reduced isovolumetric relaxation time and increased ejection time. These adaptations optimize maternal-fetal circulation but require 
careful anesthetic management, considering increased oxygen consumption, hypercoagulability, and altered drug sensitivity. Understanding these 
changes enhances obstetric and perioperative care.
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count prior to neuraxial anesthesia or analgesia. Patients with severe 
preeclampsia face a heightened risk of developing epidural hematoma 
due to a signicant decrease in platelets, and thus, it is essential to 
obtain a platelet count within six hours before inserting an epidural or 
removing a catheter. Nevertheless, it is prudent to assess both platelet 

(10, 27) count and function (aggregability). 

CHANGES IN THE GASTROINTESTINAL SYSTEM
The expanding uterus displaces the stomach and weakens the lower 

[28]esophageal sphincter (LES),  resulting in gastroesophageal reux in 
as many as 80% of cases. Progesterone causes relaxation of the LES, 
reductions in esophageal peristalsis, and a delay in intestinal transit, 
leading to constipation. Gastric emptying is typically normal but slows 
down during labor and postpartum, with solid food potentially 

 [29, 30]remaining in the stomach for as long as 18 hours.  Elevated estrogen 
levels may lead to spider angiomata and palmar erythema, and more 

[31]than half of pregnant women may develop esophageal varices,  
 [32]which typically resolve after labor.  Plasma dilution results in a 60% 

decrease in serum albumin, while serum cholinesterase levels drop by 
  [33, 34].33% after delivery.

Anaesthetic Implications
No changes are needed in the fasting recommendations; however, the 
use of opioids can slow gastric emptying, which raises the risk of 
aspiration due to elevated intra-abdominal pressure and diminished 
tone of the esophageal sphincter, particularly under general anesthesia. 
To mitigate these risks, it is advisable to prioritize neuraxial anesthesia 
techniques, implement aspiration prevention strategies, and conduct 

 (35) rapid sequence induction when general anesthesia is required.

CHANGES IN THE RENAL SYSTEM
During pregnancy, there is an increase in renal blood ow and 
glomerular ltration rate (GFR), which results in lower levels of serum 
creatinine and blood urea nitrogen, while the number of nephrons 

 (36)remains stable.  Both plasma osmolality and sodium concentrations 
decline, whereas urinary protein excretion increases, with any values 

 (37)exceeding 300 mg/day warranting further investigation.  Glucosuria 
and aminoaciduria may present due to compromised tubular function. 
(38) Common symptoms include increased urinary frequency, 
susceptibility to infections, incontinence, and nocturia, all of which 

 (10)typically resolve within 4 to 6 weeks after giving birth.

Anaesthetic Implications
Because pregnant women typically have a lower normal serum 
creatinine range, even a slight increase in these values indicates a more 
signicant decline in kidney function. Reduced albumin levels result 
in higher free concentrations of drugs that are usually highly protein-
bound, including digoxin, midazolam, thiopentone sodium, and 

[38]phenytoin.

CHANGES IN THE ENDOCRINE SYSTEM
In the rst trimester, thyroid-stimulating hormone decreases before 
returning to normal levels, and there may be occurrences of subclinical 
thyroid dysfunction without harmful effects. Human placental 
lactogen diminishes insulin sensitivity, leading to higher blood sugar 
levels after meals and a greater risk of hypoglycemia and ketoacidosis 
during periods of fasting. The secretion of prolactin increases due to 
both placental lactogen and dopamine, while the levels of oxytocin rise 
by 30%, which helps reduce the stress response to avoid premature 

 [39, 40, 41]labor.

Anaesthetic Implications
General anaesthesia may obscure the indications and symptoms of 
hypoglycaemia, whereas neuraxial anaesthesia may cause increased 
haemodynamic instability in individuals with autonomic dysfunction 

(10)due to diabetes mellitus or diabetic ketoacidosis. 

CHANGES IN THE CENTRAL AND PERIPHERAL NERVOUS 
SYSTEMS
During pregnancy, there is an increase in cerebral blood ow, a 
decrease in cerebrovascular resistance, and an increased permeability 
of the blood-brain barrier. The minimum alveolar concentration 

[42](MAC) decreases by 25-40%,  probably due to the effects of 
progesterone. Endorphin concentrations do not increase until the 

[43, 44, 45] commencement of active labor, according to a few studies 
therefore, this cannot explain early MAC decline.  Dilation of the 
epidural venous plexus caused by inferior vena cava (IVC) 

[10] compression, along with an increase in epidural fat and a reduction 

in cerebrospinal uid (CSF) volume, improves sensory blockade. 
[46, 47]While CSF pressure stays stable, it does rise during contractions. 

Anaesthetic Implications
Throughout pregnancy, the minimum alveolar concentration can 

[48]reduce by as much as 30%,  and the sensitivity to intravenous 
[49] anesthetics enhances. The doses of spinal local anesthetics are 

reduced by 25–40% as a result of anatomical changes and increased 
[50]neuronal sensitivity caused by progesterone.  Pregnant women are at 

a higher risk of experiencing hypotension and hemodynamic 
instability associated with neuraxial anesthesia.

OBSERVATION & RESULTS 
Tabel -1 Demographics Of Pregnant Females And Normal 
Reproductive-age Females

Table -2 Hemodynamic Parameters Of Pregnant Females And 
Normal Reproductive-age Females

Table -3 Echocardiographic Parameters Of Pregnant Females 
And Normal Reproductive-age Females

DISCUSSION
The study highlights signicant hemodynamic and echocardiographic 
changes in pregnant women and normal reproductive age females, 
reecting physiological adaptations essential for maternal and fetal 
circulation. They had slightly lower mean age but similar height, with 
increased weight (59.31 ± 5.19 kg vs. 55.00 ± 4.90 kg), BSA (1.59 ± 
0.08 m² vs. 1.55 ± 0.07 m²), and BMI (23.91 ± 1.72 kg/m² vs. 22.50 ± 
1.60 kg/m²), reecting physiological weight gain. The study focused 
on women in late pregnancy (mean gestational age: 38.24 ± 1.57 
weeks). Hemodynamically, pregnant women had a higher pulse rate 
(84.79 ± 7.62 bpm vs. 75.00 ± 6.50 bpm) and systolic BP (120.84 ± 
7.05 mmHg vs. 115.00 ± 6.80 mmHg), but lower diastolic BP (64.18 ± 
6.29 mmHg vs. 70.00 ± 5.90 mmHg) and MAP (83.07 ± 5.87 mmHg 
vs. 85.00 ± 5.50 mmHg).

In this study, echocardiographic parameters of pregnant women and 
normal reproductive-age females were studied. The left atrial (LA) 
diameter was 30.68 ± 3.17 mm vs. 30.5 ± 2.9 mm, MAPSE was 2.03 ± 
16.65 mm vs. 2.2 ± 0.2 mm, TAPSE was 26.04 ± 3.03 mm vs. 25.5 ± 2.8 
mm, EPSS was 6.76 ± 1.79 mm vs. 5.0 ± 1.5 mm, and LVOT was 16.18 
± 1.22 mm vs. 18.0 ± 1.3 mm. Fractional shortening (FS) was 39.53 ± 
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Demographics Pregnant female 
(Mean ± SD)

Normal Reproductive-Age 
Female (Mean ± SD)

Age 23.40 ± 4.15 24.50 ± 3.80
Height 157.48 ± 4.65 158.00 ± 4.50
Weight 59.31 ± 5.19 55.00 ± 4.90
Gestational age 38.24 ± 1.57 N/A
BSA 1.59 ± 0.08 1.55 ± 0.07
BMI 23.91 ± 1.72 22.50 ± 1.60

Hemodynamic 
Parameters 

Pregnant Female 
(Mean ± SD)

Normal Reproductive-Age 
Female (Mean ± SD)

Pulse 84.79 ± 7.62 75.00 ± 6.50

Systolic BP 120.84 ± 7.05 115.00 ± 6.80

Diastolic BP 64.18 ± 6.29 70.00 ± 5.90

Map 83.07 ± 5.87 85.00 ± 5.50

Echocardiographi
c parameters 

Normal Pregnancy 
(Mean ± SD)

Normal Reproductive-
Age Female (Mean ± SD)

LA 30.68 ± 3.17 30.5 ± 2.9
MAPSE 2.03 ± 16.65 2.2 ± 0.2
TAPSE 26.04 ± 3.03 25.5 ± 2.8
EPSS 6.76 ± 1.79 5.0 ± 1.5
LVOT 16.18 ± 1.22 18.0 ± 1.3
FS 39.53 ± 4.44 37.0 ± 3.8
LVEF 61.05 ± 3.09 62.0 ± 2.8
LA VOLUME 26.27 ± 1.72 24.5 ± 1.6
SV 63.71 ± 5.16 55.0 ± 4.9
CO 5406.39 ± 684.78 4500 ± 600
MVA 3.51 ± 0.36 3.45 ± 0.3
lv MASS 168.11 ± 3.39 140.0 ± 10.0
LV mass index 105.72 ± 6.17 90.0 ± 5.2
SI= SV/BSA 40.06 ± 3.87 35.0 ± 3.2
MCOT 0.347 ± 0.025 0.35 ± 0.02
IVRT 0.081 ± 0.008 0.095 ± 0.007
LVET 0.260 ± 0.019 0.240 ± 0.02
PASP 17.13 ± 1.16 17.5 ± 1.0



4.44% vs. 37.0 ± 3.8%, left ventricular ejection fraction (LVEF) was 
61.05 ± 3.09% vs. 62.0 ± 2.8%, left atrial volume was 26.27 ± 1.72 mL 
vs. 24.5 ± 1.6 mL, stroke volume (SV) was 63.71 ± 5.16 mL vs. 55.0 ± 
4.9 mL, and cardiac output (CO) was 5406.39 ± 684.78 mL/min vs. 
4500 ± 600 mL/min. SV, CO (and their indexes), and LVEF increased 
across trimesters. An increase in SV and CO was similar to the 
observation by Savu et al. (51) CO increased during pregnancy 
because of a higher SV in early pregnancy and a later increase in HR, 
whereas total vascular resistance decreased. However, Savu et al. did 
not nd any signicant change in LVEF. The mitral valve area (MVA) 
was 3.51 ± 0.36 cm² vs. 3.45 ± 0.3 cm², left ventricular mass was 
168.11 ± 3.39 g vs. 140.0 ± 10.0 g, left ventricular mass index was 
105.72 ± 6.17 g/m² vs. 90.0 ± 5.2 g/m², and stroke index (SI) was 40.06 
± 3.87 mL/m² vs. 35.0 ± 3.2 mL/m². Doppler parameters included 
myocardial contraction time (MCOT) at 0.347 ± 0.025 s vs. 0.35 ± 0.02 
s, isovolumetric relaxation time (IVRT) at 0.081 ± 0.008 s vs. 0.095 ± 
0.007 s, left ventricular ejection time (LVET) at 0.260 ± 0.019 s vs. 
0.240 ± 0.02 s, and pulmonary artery systolic pressure (PASP) at 17.13 
± 1.16 mmHg vs. 17.5 ± 1.0 mmHg.

CONCLUSION
This study highlights key cardiovascular changes during pregnancy, 
including increased weight, gestational duration, and body surface 
area. Signicant hemodynamic modications were observed in pulse 
rate, blood pressure, and cardiac function. Doppler assessments 
revealed changes in heart relaxation and contraction. These 
adaptations support maternal and fetal well-being by meeting 
circulatory demands. 
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