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Abstract

Introduction: Noninvasive and simple methods such as sonographic evaluation of the inferior vena cava (IVC), in-
ternal jugular vein (IJV)&carotid artery have gained popularity in recent years. Visualization of IVC is not feasible in
some patients due to obesity, intra-abdominal gas distention, intra-abdominal mass or surgical dressings.In elderly
patients, atherosclerosis of carotid artery influences blood flow and its evaluation is deemed necessary.

Methodology: After approval of ethics committeeSafter informed consent from patients, Prospective Observational
study was conducted for 62 patients (patients>65 years) posted for elective surgeries under spinal Anaesthesia ,at
D.Y.Patil Hospital, Kolhapur. During spontaneous breathing, sonographic examination of Right IJV&Carotid artery
were done with linear probe in M-mode. IJV Collapsibility Index (%) = [(max [JV diameter — min 1]V diameter)/
max IJV diameter] x 100 Using Standard anesthetic protocol, patient was given spinal anesthesia. Pulse, systolic,
diastolic and mean blood pressure values were measured at 5-minute intervals for the first twenty minutes, and then
every ten minutes up to one hour. Hypotension is defined as a decrease in the systolic blood pressure by 20 % from
baseline.

Results: Spinal Anaesthesia Induced Hypotension was shown in 44(70.97 %) of patients. IJV-CI increased signifi-
cantly in Hypotensive group (mean+/-SD 37.30 +/-7.66) in comparison to Non-Hypotensive group (mean+/-SD
24.71+/-2.87) IJV-CI showed AUROC of 0.978 and 95 % C. 1. of 0.950-1 (p value < 0.0001) with cut off value >18.29,
95.50 % sensitivity, 88.90 % specificity, 95.50 % PPV, 88.90 % NPV

Conclusion: Preanesthetic IJV-CI was predictor of Spinal Anaesthesia Induced Hypotension. Results suggested that
IJV-CI > 18.29 to be the threshold levels, while CIMT could not predict Spinal Anaesthesia Induced Hypotension.
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Introduction

Spinal Anaesthesia is a type of central neuraxial block-
ade. It can be used for infra umbilical surgeries. Geriatric
patients may undergo surgery under spinal anaesthesia.
However, post spinal anaesthesia-induced hypotension
(PSH) can be encountered in this procedure. PSH has a
detrimental effect on patient well-being; in the awake
patient, it triggers nausea, dizziness, and vomiting. Age
has been identified as an independent risk factor for
PSH, which can lead to ischemic myocardial, cerebro-
vascular and acute renal damage. These injuries eventu-
ally extend the hospital stay and increase postoperative
morbidity and mortality [1,2].

Spinal anesthesia leads to sympathetic blockade and
venodilation, resulting in lower venous return and car-
diac output [4]. A measurement of the intravascular vol-
ume deficit before administrating spinal anesthesia may
aid in anticipating a critical reduction in blood pressure
[5]. Empirical volume preloading is done to prevent
PSH, which poses an imminent risk of volume overload,
particularly for patients with current cardiac and/or re-
nal disorders [3]. Several indices have been suggested to
assess intravascular volume.

Non-invasive method to detect fluid deficit are being
studied. Imaging of the inferior vena cava (IVC) collaps-
ibility index has proved to have high diagnostic accuracy
in predicting PSH under anaesthesia [9, 10].

Obesity, intra-abdominal gas distension, intra-ab-
dominal tumors and surgical dressings render IVC visu-
alization unfeasible in up to 15 % of cases. Instead of IVC,
Ultrasonographic examination of the IJV has been used
to measure intravascular volume status and predict hy-
potension following general anesthesia induction, with
encouraging results in some studies [11-14] and incon-
sistent results in others [15-19]. Very few studies on the
prediction of PAS in the elderly population using IJV are
available in literature.

In elderly patients, atherosclerosis of the carotid
artery influences blood flow &its evaluation is deemed
necessary. Arterial atherosclerosis elevates carotid in-
tima-media thickness (CIMT), which has already been
proven to be a good predictor of atherosclerosis-related
events like strokes, myocardial infarctions, and periph-
eral artery disease [20].

Methodology

A Prospective Observational study conducted at De-
partment of Anaesthesiology, D. Y. Patil Medical College

SSN 2414-3812

Hospital and Research Institute, Kolhapur 18 months
(March 2023 — September 2024) 62 Patients.

Sample/Patient recruitment

Patient satisfying inclusion & exclusion criteria was eval-
uated by standard pre-anesthetic protocol. After taking
informed valid written consent, Ultrasonographic ex-
aminations was performed using a single ultrasound
machine by an experienced anesthesiologist. The patient
was placed in the supine position with the patient’s neck
rotated to the left (at approximate 40° to avoid venous
occlusion of the opposite side) [19].

IV measurements

During spontaneous breathing, ultrasonographic exam-
ination of the right IJV was conducted. A linear probe
with a 7-12 MHz frequency was gently placed over the
neck. The sternocleidomastoid muscle was used as an
external landmark. The right IJV was identified just be-
low the bifurcation of the sternal and clavicular heads
of the muscle. The right IJV was examined over two full
respiratory cycles using the M-mode in the transverse
axis. The maximum IJV diameter&minimum IJV diame-
ter was recorded during each cycle, and the averages was
computed [19].

IJV Collapsibility Index (IJV-CI) was calculated from
the formula:

Collapsibility Index (%) = (max IJV diameter —
min IJV diameter) x 100 max IJV diameter

Carotid intima-media thickness (CIMT)

Using the B-mode with a linear probe on the right carot-
id artery in transverse axis at the same level, a cross-sec-
tional view was achieved, allowing for concurrent view-
ing of the IJV. The probe was turned by 90° for a longitu-
dinal view with the pointer on the probe pointing cra-
nially. The probe was moved alternatingly in the caudal
and cranial directions to zero-in on the bifurcation of
the common carotid artery. This view represents the ide-
al vantage point for the desired imaging and conducting
the CIMT measurements. [19]

In a longitudinal view of the far wall of the carotid
artery, the CIMT appears as two parallel lines, the lu-
men-intima and media-adventitia interfaces perpen-
dicular to ultrasound beams. The CIMT was taken from
the point on the common carotid artery one centimeter
below the carotid bifurcation. The distance between
the lumen-intima and the media-adventitia was deter-
mined using the caliper of the USG machine. The dis-
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tance between lumen-intima and media-adventitia was
computed and recorded.

Using Standard anesthetic protocol, the patient was
given spinal anesthesia. Pulse & systolic, diastolic and
mean blood pressure values was measured at 5-minute
intervals for the first twenty minutes and then every ten
minutes up to one hour. The level of the block was as-
sessed using loss of cold sensation.

Hypotension is defined as a decrease in the systol-
ic blood pressure by 20% from baseline. The data was
entered onto a data collection sheet, from baseline un-
til one hour after administration of spinal anaesthesia.
Patients were divided into two groups- hypotension and
non-hypotension for analysis.

After approval of institutional ethics committee and
Informed written consent of the patient, patients post-
ed for elective surgeries, at Dr. D.Y. Patil Medical College
Hospital and Research Institute, Kolhapur was chosen.
Data collection was done for a duration of 18 months.
Patients were selected based on inclusion and exclusion
criteria. inclusion criteria: age group > 65 years, elective
surgery under spinal anaesthesia. exclusion criteria pa-
tient refusal, age group < 65 years, bmi > 30 kg/m?, pa-
tients having central line in situ, patients with disorders
like right heart failure, cor pulmonale, right-sided val-
vular heart lesion. Ethical approval was taken from the
Institutional Ethical Committee before commencement
of the study.

Written informed valid consent was taken from the
study subjects before enrolling them in the study. Confi-
dentiality&Privacy of patient was maintained. There was
no additional financial burden on the participant end.
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Result

In current observational study, we had enrolled total 62
participants for evaluation of IJV maximum and mini-
mum diameter management to find out collapsibility
index (CI) and Carotid Intima-Media Thickness.

The current study was conducted only on elder/Geri-
atric patients for the detection of post-spinal hypoten-
sion. We had recruited all the participants above the age
of 65 years.

Comorbid condition can play an important role in
any medical treatment and procedure. Hypertension,
Diabetes and kidney disease were the commonest co-
morbidity in our enrolled patients. Out of total 62 pa-
tients, 37 (59.67 %) elder patient had one or more comor-
bid condition.
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Graph 2: Comorbidity wise distribution of the participants
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Graph 1: Age-wise distribution of the Participants (%)
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Table 1. Duration of the comorbidity in the patients

Category Number Percentage Confidence Interval (95 %)
1month 3 8.1 2.10-21.50
2 month 7 18.91 8.67-33.88
3 month 6 16.21 6.85-30.71
4 month 4 10.81 3.53—24.05
5 months 1 2.70 0.14-12.61
6 months 4 10.81 3.53—24.05
6 < X <12 months 8 21.62 10.58-36.96
More than 12 months 4 10.81 3.53-24.05

Among 37 comorbid patients, 8 (21.62 %) were diagnosed it between 6 to 12 months followed by 7 (18.91 %) were diagnosed within 2 months.

Table 2. ASA grading wise distribution of the participants

ASA Grade Number Percentage Confidence Interval (95 %)
Grade II 47 75.80 64.02—85.23
Grade I11 15 24.19 14.77-35.98
Total 62 100 %

Among the 62 patients, 47 (75.80 %) were categorized as Grade I, while the remaining 15 (24.19 %) were categorized as Grade I11 as per the ASA guidelines

Table 3. Comorbidity in Participants

Comorbidity Hypotensive patient Non hypotensive Patient CHI-SQUARE TEST
Yes 35 09
Chi-S :24.86
No , iy i-Square: 24 ’ 13
Pvalue: <0.0001*
Total 37 25

Among all 62 patients, 44 had comorbidity, while 18 did not. Correlation between PSH and comorbidity was checked and found Chi-square is 24.8613 and p-value is <0.0001,

which is statistically significant. (for significant p<0.05).

Pulse rate was continuously monitored pre-operative
as well as during the surgery at regular intervals. At the
beginning of surgery, the mean pulse rate was increased,
though it decreased with time passed and surgery prog-
ress. Pre-operative mean pulse rate was 91.3871 +12.7119,
which increased to 100.37 + 14.972. Later, it decreased
gradually and at 60 minutes of the surgery process, the
mean pulse rate was 83.2258 +20.0068.

ISSN 2414-3812

Systolic Blood Pressure (SBP) was continuously
monitored pre-operative as well as during the surgery
at regular intervals. Surgery beginning time, mean
SBP was decreased with time passed and surgery prog-
ress. Pre-operative mean SBP was 156.419 + 24.9196
mmHg, which decreased gradually, and at 60 minutes
of the surgical process, mean SBP was 124.048 + 24.3346
mmHg.
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Graph 3. Mean pulse rate of patients pre-operative and during the surgery
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Graph 4. Mean systolic Blood Pressure of patients pre-operative and during the surgery

Diastolic Blood Pressure (DBP) was continuously
monitored pre-operative as well as during the surgery at
regularintervals. Surgery beginning time, mean DBPwas
decreased with time passed and surgery progress. Pre-
operative mean DBP was 87.1935 + 17.3371 mmHg, which
decreased gradually, and at 60 minutes of the surgery
process, mean DBP was 68.8226 +17.1262 mmHg.

Mean Arterial Pressure (MAP) was continuously
monitored pre-operative as well as during the surgery at
regular intervals. Surgery beginning time, Average MAP
was decreased with time passed and surgery progress.
Pre-operative average MAP was 110.29 + 19.0232 mmHg,
which gradually decreased and at 60 minutes of the
surgical process, was 87.1935 +13.3373 mmHg.

IJV diameter measurements were done twice for the
maximum as well as the minimum diameter in each.
Maximum and minimum results were required for the

calculation of the Collapsibility index (%). Two readings
for each patient and their average were calculated to re-
duce the errors. Among the 62 participants, the mean
IJV maximum diameter was 1.065, and the Standard
Deviation was 0.2392 cm, while for minimum diameter
measurement, the mean minimum diameter was 0.6966
cm and the standard deviation was 0.1337 cm.

Among the 44 hypotensive participants, the mean
IJV maximum diameter was 1.109 and the Standard De-
viation was 0.254 cm while for minimum diameter mea-
surement, the mean minimum diameter was 0.686 cm
and the standard deviation was 0.1376 cm

Among the 18 non-hypotensive participants, the
mean IJV maximum diameter was 0.9588 and the Stan-
dard Deviation was 0.1512 cm while for minimum diam-
eter measurement, the mean minimum diameter was
0.7225 cm and the standard deviation was 0.6966 cm
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Graph 5. Mean Diastolic Blood Pressure of patients preoperative and during the surgery

120
115
110
105
100
95
90
85

80
Pre-operative

At 5 minute

At 15 minute

At 30 minute At 50 minute

— Average MAP

Graph 6. Average Mean Arterial Pressure of patients pre-operative and during the surgery

P values for the Mean IJV maximum group as well
as the Mean IJV minimum group were 0.3137 and
0.7171 respectively. those p-values are not statistically
significant.

The collapsibility index in adult patients has a normal
range between 20 % to 50 %. Among a total 62 patients,
56 (90.32 %) patients have normal CI %.

A normal carotid intima-media thickness (CIMT)
range for geriatric patients is typically considered to be
between 0.07 cm and 0.08 cm or higher, as CIMT natu-
rally increases with age, with values above this range po-
tentially indicating increased cardiovascular risk; how-
ever, it’s crucial to consult with a healthcare professional
to interpret results based on individual factors like age,
gender, and medical history. Among 62 patients, 39
(62.09 %) patients had low CIMT while 3 (4.83 %) patients
had more thickened Carotid Intima-Media

ISSN 2414-3812

Chi square test was run for the above value and found
1.7353 along with p-value 0.4199 which is statistically not
significant. R2 linear regression was check which show
complete straight line linear graph.

Chi square test was run for the above value and found
4.5376 along with p-value 0.1034 which is statistically not
significant. R2 linear regression was check which show
complete straight line linear graph

As per the AUC values. IJV area has no accuracy
(0.571), CIMT has poor accuracy (0.65) while the Collaps-
ibility index (%) has Excellent accuracy (0.978).

Discussion

The study was conducted to an evaluate Post spinal hy-
potension in elder patients. We recruited patients who
had visited a hospital for elective surgical procedures.
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Table 4. Internal Jugular Vein (IJV) diameter measurement at supine position

Hypotensive Non-Hypotensive Total P.value
(n=44) (n=18) (n=62)
Mean SD Mean SD Mean SD

Maximum 1 1.157 0.290 0.995 0.167 1.1 0.2711 0.1873
Maximum 2 1.061 0.228 0.9227 0.137 1.02 0.2159 0.5477
Average 1.109 0.254 0.9588 0.1512 1.065 0.2392 0.3137
Minimum 1 0.6865 0.1408 0.7127 0.1286 0.6941 0.1378 0.461

Minimum 2 0.6854 0.1442 0.7322 0.1222 0.6990 0.1398 0.3953
Average 0.6860 0.1376 0.7225 0.1197 0.6966 0.1337 0.7171
IV] Area (CM?*»)  0.6203 0.2992 0.5577 0.189 0.6021 0.2733 0.3696

Geriatric patients are more susceptible to get infec-
tions and they have more chance to get illness. In the
study, 47(75.80 %) which include 25 non-comorbid and
22 comorbid patients were fit during the first assess-
ment while rest 15 found unfit which found fit during
the reassessment before the surgical procedure [50,51]
In study, the mean IJV maximum was 1.065 + 0.239 cm;
the mean IJV minimum was 0.6966 + 0.1337 cm. The
collapsibility index (CI %) is important for the predic-
tion of post-spinal hypotension development.In study,
the mean collapsibility index for hypotensive, non-hy-
potensive and overall group patients was 37.30 +7.57 %;
24.71 + 2.79 %, and 33.649 + 8.692 % respectively. CIMT

for hypotensive, non-hypotensive, and overall group
patients,0.0675 + 0.0201;0.0577 + 0.0103 and 0.06467
+ 0.0183 respectively.In the current study, 70.97% of
patients developed post-spinal hypotension. A chi-
square test was run for the collapsibility index (%) and
post-spinal hypotension development. In study, the
chi-square was 1.7353 along with a p-value of 0.4199,
which is statistically insignificant. R2 linear regres-
sion was checked which shows a complete straight-
line linear graph.A chi-square test was run for carotid
Intima-media thickness and post-spinal hypotension
development.The chi-square was 4.5376 along with a
p-value of 0.1034, which is statistically not significant.

Table 5. Collapsibility index (CI) wise distribution of the participants

CI% Range Number Percentage Confidence Interval (95 %)
Low (Below 20) <20 1 1.61 0.8-7.70
20-29.99 26 41.93 30.16-54.45
Normal (20-50) 30-39.99 23 37.09 25.79-49.59
40-49.99 7 11.29 5.07-21.06
High (Above 50) >50 5 8.06 3.01-16.97
Total 62 100%

MeduyuHa 6onto (Pain Medicine). — 2025. — Tom 10, N° 3—4
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Table 6. Carotid intima-media thickness (CIMT) wise distribution of the participants (%)

CIMT Range Number Percentage Confidence Interval (95 %)
Low (< 0.06) <0.06 39 62.09 50.41-74.21
0.07 11 17.74 9.70-28.74
Normal (0.07t00.09) 0.08 5 8.06 3.01-16.97
0.09 4 6.45 2.08-14.83
High (>0.1) >0.1 3 4.83 1.25-12.60
Total 62 100%

Table 7. Hypotension development on base of Collapsibility index

CI% Yes No Total Chi-Square
High 5 (100.00 %) 0(0.00%) 5(8.06%)
Low 0 (0.00%) 1(100.00 %) 1(1.61%) Chi-Squared —1.7353
Normal 39 (69.64 %) 17 (30.36 %) 56 (90.32.%) Pvalue —o0.4199
TOTAL 44 (70.97%) 18 (29.03%) 62
Average 37.30 24.71 33.649
SD 7.57 2.79 8.692

20

30 40

Graph 7. Rz linear regression between CI (%) and Hypotension development
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Conclusion

As per the AUC values,IJV area has no accuracy(0.571),

CIMT has poor accuracy (0.65), while the Collapsibility
index (%) has Excellent accuracy (0.978).

ISSN 2414-3812

General anaesthesia is not needed for such procedures

because spinal anaesthesia produces excellent results
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Graph 9. ROC curve between Collapsibility Index and Hypotension

while avoiding complications such as airway manage-
ment, ventilation, intraoperative awareness, polyphar-
macy, extubation and mechanical postoperative nausea
and vomiting. Hypotension is one of the clinical condi-
tions that should be prevented and treated as early as
possible pre-surgical, post-surgical and during the sur-
gical processes. There are so many chances of several ad-
verse events occurring during the post-spinal anaesthe-
sia stage. It may be more into geriatric patients, though
it can be prevented due to pre-anaesthetic workup/ eval-
uation and management. The current study has a higher
rate of post-spinal hypotension development in geriatric
patients, which indicates more intervention towards pa-
tients during the post-spinal phases. Preoperative sono-
graphic assessments of internal jugular vein diameter
and area changes following Trendelenburg position may
accurately predict post-spinal hypotension in elder pa-
tients. We recommended investigating the ability of so-
nographic evaluation of the internal jugular vein param-
eters to guide fluid transfusion before spinal anesthesia.

Graph 10. ROC curve between Carotid intima-media thickness (CIMT)
and Hypotension
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CoHorpadiuHa oLjiHKa BHYTPilLHbOT APEeMHOI BEHM Ta COHHOI apTepil 4191 NPOrHo3yBaHHA PO3BUTKY CMiHa/IbHOI
rinoTeHsii y repiaTpMuyHUX NawieHTiB

L-p Ami [amen, [-p Apvima Namin
JlikapHs . KO. MNamin, Koaxaryp, Maxapawmpa
AHoTauis

BeTyn: HeiHga3usHi ma npocmi Memoou, maki ik COHOPAPIYHA OUIHKA HUXHLOI MopoxxHUcmoi aerHu (IVC), sHympiwi-
HbOI sipemMHoi 8eHu (IJV) i coHHOI apmepii, HabyAu nomyAspHOCMI 8 OCMAHHI PoKu. Bisyanizauis 1VC moxe bymu He-
MOXAUBOIO Yy OeSKUX MAaUIEHMI8 Yepe3 OXXUPIHHS, 20308e pO30ymmsi Yepe8HOI NMOPOXXHUHU, 8HYMPILUHbOYepe8HIi HO-
80yMaeopeHHSs abo ricasonepayitiHi mog'a3ku. Y nauieHmig noxuno2o 8iky amepoCKAepo3 COHHOI apmepii anausae Ha
KpOBOMIK, MOMY 1020 OUIHIOBAHHS € BAXKAUBUM.

MeToponorisi: [licAs cxeaneHHs emu4yHo20 KoMimemy | OMPUMAHHS iHPOPMOBaHOI 3200u nauieHMig 6yAo Mpo-
8e0eHO [pOocCreKmusHe criocmepexHe OOCAIOXeHHs 3a ydyacmio 62 rnayieHmie 8iKomM > 65 POKie, SKi MAQHY-
8aAUCSH ONS BUKOHAHHS MAQHOBUX oriepauyiti rio CriHaA6HOO aHecmesiero y AlkapHi L. KO. [Mamin, Koaxaryp.
[1i0 4ac crroHMAHHO20 QUXAHHSI POBOOUAU COHO2PADIYHE DOCAIOXKEHHS rMpagoi lJV i coHHOI apmepii AiHIdHUM damyu-
KoM y pexxumi M-mode. [JV Collapsibility Index (Cl) (%) = [(makc. diamemp IJV — miH. diamemp 1JV) / makc. diamemp IJVI
x 100. [licng 4yb0o20 nayieHMam 8800UAU CIIHAAbHY AHeCme3ito 3a CMAaHOAPMHUM MPOMOKOAOM. [TyAbc, cucmoniqyHUU,
oiacmoniyHUl ma cepedHit apmepianbHUt MUCK BUMIPIOBAAU KOXXHI 5 X8UAUH MPOMS20M Mepuiux 20 X8UAUH, A 10-
MIM — KOXHI 10 X8UAUH OO OOHI€l 200UHU. [IMOMEeH3ito 8U3HAYANU SK 3HUXKEHHS CUCMOAIYHO20 apmepianbHO20 MUCKY
Ha 20 % 8i0 8UXIOHO20 3HAYEHHSI.

PesynbtaTtu: [inomeHsisi, iHOyKO8AHA CMIHANbLHOKO AHECme3si€eto, Criocmepi2anacs y 44 (70,97%) navieHmis. IHOekc Ko-
AaricogaHocmi IJV (IJV-Cl) 6ye 3Ha4yHO suLyuM y epyni 3 2inomeHsieto (cepedHe + SD: 37,30 + 7,66) nopieHsIHO 3 Healrno-
MEH3UBHOO 2pYyroto (24,71 + 2,87). IJV-Cl npooemoHcmpysas AUROC 0.978 ma 95% [l 0.950-1 (p < 0.0001) 3 TOPO208UM
3HQYEHHSM > 18.29, YymAausicmio 95,50 %, crieyudidHicmio 88,90%, MO3UMUBHOK MPO2HOCMUYHOK UIHHICMIO 95,50%
ma He2amuegHOK MPO2HOCMUYHOK UYiHHICMIO 88,90%.

BucHoBok: [lepedaHecmesionoziqyHul iHoekc KonaricosaHocmi IJV (IJV-CI) € npedukmopom 2irnomeH3ii, iIHOyKO8aHOI
criHanbHoro aHecmesieto, OMpPUMaHi pe3yAbmamu c8idyame, Wo nopozose 3Ha4veHHs IJV-Cl > 18.29 moxxe 6ymu 3Ha-
YyWUM MAPKEPOM PU3UKY, MOOi IK MOBLYUHA KOMIAEKCY iHmuma-media coHHoi apmepii (CIMT) He nepedbadyana po3-
8UMKY CMIHAAbHOI 2imomeH3ii,
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