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Background: Recent guidelines from the National Institute for Clinical Excellence 
recommend the use of ultrasonography in the central venous catheterization 
of	 children.	 In	 this	 study,	 we	 aimed	 to	 compare	 area	 measurements	 using	
ultrasonography	 and	 efficiency	 of	 varying	 Trendelenburg	 degrees	 on	 the	 area	
measurements, for two different entry points used as internal jugular vein (IJV) 
cannulation	 points	 in	 newborns.	 Methods:	 Fifty‑eight	 healthy	 newborns,	
weighing	 between	 3000	 and	 3500	 g,	 were	 recruited	 for	 this	 prospective	 study.	
Right IJV (RIJV) consecutive measurements were performed in three different 
Trendelenburg positions at 0°, 15°, and 30°, at two different entry points: 
The	 superior	 approach	 and	 an	 inferior	 approach.	 The	 landmark	 used	 in	 the	
superior approach was the top of the triangle formed by the two heads of the 
sternocleidomastoid muscle with the clavicle; while in the inferior approach, it 
was taken as the midpoint of the clavicle, as measured from the upper edge of the 
clavicle.	 Results:	 The	 cross‑sectional	 area	 (CSA)	 of	 the	 RIJV	 was	 significantly	
increased when using the inferior approach, compared to that in the superior 
approach,	 in	 all	 Trendelenburg	 degrees,	 including	 the	 neutral	 position.	 Both	
15°	 and	 30°	Trendelenburg	 positioning	 resulted	 in	 a	 significant	 increase	 in	 CSA,	
both	 in	 superior	 and	 inferior	 approaches,	 when	 compared	 to	 neutral	 positioning.	
Conclusion:	 The	 use	 of	 15°	 Trendelenburg	 positioning	 may	 have	 significant	
advantage	for	increasing	the	CSA	when	used	with	the	inferior	approach.
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regarding pediatric anesthesia, cannulation success 
rate is between 61% and 81%, with carotid puncture 
rates between 4% and 25% in infant RIJV cannulation 
using anatomic landmarks without ultrasonography (usg) 
guidance.[2,4‑6]

Studies performed on adults indicate that use of 
ultrasound guidance in cannulation increases success rate, 
decreases cannulation time, and decreases complication 
rate.[7‑10] Recent guidelines from the National Institute for 
Clinical Excellence recommend the use of USG in central 

Introduction

Central venous cannulation (CVC) management is 
an	 invasive	 procedure	 required	 for	 hemodynamic	

monitoring and administration of vasoactive drug 
treatments.	 While	 possible	 in	 many	 different	 vein	
catheterizations, the right internal jugular vein (RIJV) is 
the preferred site of cannulation in our center because of 
the limited distance between the RIJV and superior vena 
cava (SVC), the fact that the RIJV is contralateral to the 
thoracic duct, and a greater distance from pleura, thus 
exhibiting	lower	complication	rates.[1]

Difficulty	in	determining	the	cannulation	site	in	pediatric	
patients results from small vein diameters, short 
adjacency distance to the carotid artery, and a lack of 
well‑developed	 neck	 muscles.[2,3] In different studies 
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venous	 catheterization	 of	 children.[11] IJV cannulation is 
routinely	performed	with	USG	in	our	clinic.

Trendelenburg positioning is recommended while 
performing IJV cannulation to improve the success rate 
and	 to	 reduce	 air	 embolism.[12] A survey study by Ely 
et al.	 indicates	 that	 91%	 of	 clinicians	 routinely	 prefer	
the use of upside‑down positioning in central venous 
catheterization	 practices.[13] In our clinic, Trendelenburg 
positioning is used in all the central venous catheter 
applications,	 unless	 contraindications	 exist.	 As	 the	
most	 effective	 entry	 point	 and	 the	 most	 significant	
Trendelenburg degree, for CVC in newborns, are not yet 
clear in the literature, we have, in this study, aimed to 
compare	 area	 measurements	 and	 efficiency	 of	 varying	
Trendelenburg degrees on the area measurements using 
ultrasonography, for two different entry points used as 
IJV	cannulation	points	in	newborns.

Materials and Methods
Sixty‑three healthy newborns weighing between 
3000 and 3500 g were included to this prospective 
study, following approval from the Ethical Board of 
our	 university	 (10840098‑14/16.05.2013)	 and	 informed	
consent	 from	 families	 of	 the	 newborns.	 Power	 analysis	
was	performed	 in	G	power	3.1.9.2	 in	Statistical	Package	
for	 the	 Social	 Sciences	 (SPSS)	 version	 16.0	 (SPSS	 Inc.,	
Chicago, IL, USA) and based on the previous area 
measurements for 95% actual power, total sample size 
was	found	to	be	47	newborns.	Exclusion	criteria	included	
prematurity, congenital disease, and previous RIJV 
cannulation.	 RIJV	 area	 consecutive	 measurements	 were	
made in 3 different Trendelenburg positions at 0°, 15°, 
and 30° and at two different entry points: the superior 
approach	and	an	inferior	approach.	Procedures	that	could	
have effect on IJV area measurements, such as Valsalva 
maneuver	 or	 liver	 compression	 were	 not	 performed.	
Measurements were performed in spontaneously sleeping 
newborns, by one anesthesiologist and one radiologist, 
both of who were experienced in vascular USG 
evaluation.	 A	 total	 of	 6	 measurements	 were	 made	 for	
each	baby.	A	5–12	MHz	 linear	 i12L‑RS	probe	was	used	
to provide USG (VIVID Q; GE, Horten, Norway) and in 
the	process	of	 taking	measurements.	The	probe	was	held	
such	as	to	avoid	exerting	pressure	on	the	RIJV.	Effective	
RIJV	 area	 measurements	 were	 made	 from	 subsequent	
ultrasound records by pausing live imagery [Figure	 1].	
Cross‑sectional area (CSA) measurements were 
automatically made with the program included in the 
software	of	 the	ultrasound	device.	The	 landmark	used	 in	
the superior approach was the top of the triangle formed 
by the two heads of the sternocleidomastoid muscle with 
the clavicle; while in the inferior approach, it was taken 
as the midpoint of the clavicle, as measured from the 

upper	edge	of	the	clavicle.	In	all	measurements,	the	same	
roll used routinely in our clinical setting was placed 
below the shoulder, ensuring slight head extension (to 
eliminate	 anatomical	 difficulty	 stemming	 from	 a	 short	
neck and large head in infants), with all measurements 
made by measuring with a protractor, whereas the head 
was	turned	40°	to	the	left.	During	the	examinations:

1.	 RIJV	 area	 measurement	 was	 made	 in	 superior	 and	
inferior entry points at supine position at 0°

2.	 RIJV	 area	 measurement	 was	 made	 in	 superior	 and	
inferior entry points at 15° Trendelenburg positioning

3.	 RIJV	 area	 measurement	 was	 made	 in	 superior	 and	
inferior	entry	points	at	30°	Trendelenburg	positioning.

Data were analyzed using Statistical Package for the 
Social	Sciences	(SPSS)	version	16.0	(SPSS	Inc.,	Chicago,	
IL,	 USA).	 Besides	 descriptive	 measures;	 due	 to	 normal	
variation of demographic data, independent variables 
were tested by independent t‑test.	 Dependent	 variables	
were compared with paired sample t‑test.	 Values	 of 
P <	0.05	were	accepted	as	statistically	significant.

Results
Distribution of newborns was even in terms of 
demographic data [Table	 1].	 Five	 of	 the	 67	 cases	 were	
observed to move during at least one of the measurement 
phases,	 and	 were	 subsequently	 excluded,	 as	 it	 has	 been	
assumed	 that	 this	 may	 alter	 the	 measurements.	 Six	
consecutive measurements were made on each of the 
remaining 58 newborns, with the study containing a 
total	 of	 348	 measurements.	 Distribution	 of	 newborns	
was even in terms of demographic data [Table	 1].	 The	
CSA	of	 the	RIJV	was	significantly	increased	when	using	
the inferior approach, compared to that in the superior 
approach, in all Trendelenburg degrees, including the 
neutral	 position.	 Table 2 shows the CSA of RIJV in 
each	 measurement.	 Both	 15°	 and	 30°	 Trendelenburg	

Figure 1: Ultrasonography image of inferior approach
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positioning	 resulted	 in	 a	 significant	 increase	 in	 CSA,	
both in superior and inferior approaches, when compared 
to neutral positioning (P	<	0.001).	When	comparing	15°	
Trendelenburg	positioning	 to	30°,	no	 significant	 increase	
in	 CSA	 was	 observed.	 Following	 these	 results,	 the	 use	
of	15°	Trendelenburg	positioning	has	notable	significance	
for	 CSA	 when	 used	 with	 the	 inferior	 approach.	
Fifteen‑degree	 Trendelenburg	 positioning	 appears	
sufficient,	with	use	of	30°	Trendelenburg	positioning	not	
found to provide an increase in CSA when compared to 
15°.	 In	 inferior	 approach,	 average	 area	 at	 0°	 has	 been	
0.21	±	0.04;	at	15°	0.29	±	0.05	(P	<	0.001,	when	compared	
to	 neutral	 position)	 and	 at	 30°	 0.28	 ±	 0.05	 (P	 <	 0.001,	
when	 compared	 to	 neutral	 position).	 There	 was	 no	
significant	difference	 in	RIJV	CSA	between	15°	and	30°	
Trendelenburg positioning (P	>	0.05).

Discussion
There is no other study in the literature that evaluates the 
correlation between Trendelenburg positioning in both 
superior and inferior cannulation methodologies, with RIJV 
area measurements, in healthy newborns of this weight 
to	 the	 best	 of	 our	 knowledge.	 In	 this	 study,	 a	 significant	
increase in CSA was observed in the inferior approach, 
with respect to superior approach, in all Trendelenburg 
positioning	degrees,	including	the	neutral	position.	Hwang	
et al.	 compared	 entry	 point	 area	measurements	 using	 the	
conventional cannulation method in adults and have found 
area measurements in high entry to be lower with respect 
to	 conventional	 in	 all	 Trendelenburg	 degrees.[14] The 
broadest RIJV CSA measurement in the study performed 
by Hwang et al.	 was	 observed	 at	 20°	 Trendelenburg	
positioning, when using a conventional approach, in 
adults.	In	our	study,	the	broadest	RIJV	CSA	was	observed	
when using a 15° Trendelenburg position, in conjunction 

with	 an	 inferior	 approach	 in	 newborns.	 We	 have	 not	
compared right and left jugular measurements in this study 
since	 the	RIJV	 is	 the	first	preference	 for	cannulation	with	
regard	 to	 its	 shortest	distance	 to	 the	SVC.	Moreover,	 it	 is	
contralateral to the thoracic duct; it is distant to the pleura 
and	thus	exhibits	fewer	complications.[1]	For	these	reasons,	
our	 first	 choice	 is	 always	RIJV	 cannulation	 for	 newborns	
in	our	clinic.

In a study reported by Bellazzini et al.,	 it	was	 indicated	
that Trendelenburg positioning is responsible for a 
40%	 increase	 in	 CSA.[15] Contrary to most data in 
the literature, Nassar et al.	 found	 that	 Trendelenburg	
positioning does not increase IJV area in adult 
patients.[16] However, an increase of 38% in RIJV 
area between 0° and 15° Trendelenburg positioning in 
newborns	 has	 been	 observed	 in	 our	 study.	 Following	
repetition of measurements for varying Trendelenburg 
degrees in inferior entry cannulation, we observed a 
significant	 difference	 between	 0°	 and	 15°	 positioning,	
whereas we could not identify any difference between 
15°	and	30°	positioning.	Deep	Trendelenburg	positioning	
has certain risks, especially in patients with clinical 
problems such as intracranial or intraocular pressure 
increase,	gastroesophageal	 reflux	risk,	malignant	cardiac	
arrhythmias,	 hypoxia,	 mitral	 valve	 insufficiency,	 and	
decreased	 pulmonary	 reserve.[17‑21] Complication rates 
should	 be	 reduced	 with	 use	 of	 the	 lowest	 sufficient	
Trendelenburg	degree,	taking	all	risks	into	consideration.	
As	 a	 result	 of	 our	 findings,	 we	 speculate	 that	
15°	Trendelenburg	 positioning	 is	 sufficient	 for	 newborn	
RIJV cannulation, with a 38% increase in RIJV area 
between	0°	and	15°	in	newborns.

In	 light	 of	 findings	 by	 Gwak	 et al.,	 where	 carotid	 and	
RIJV overlap probability is increased when turning 
the head to the left, we have taken, as a basis, a 
40° contralateral head rotation, as suggested in the given 
study.[1] In addition, we used an under‑shoulder roll in all 
newborns; otherwise, an approach to the jugular becomes 
difficult	with	 the	 anatomical	 form	of	 the	 newborn	 (large	
head	combined	with	a	short	neck).	Literature	information	
suggests that overlap is mitigated with a high entry 
point.[4]	 This	 confirms	 the	 need	 for	 careful	 ultrasound	
imaging when choosing the inferior approach; however, 
as we solely measured area, without catheterization, we 
cannot speak to the superiority of a superior approach in 
terms	of	carotid	puncture	risk	or	the	success	rate.

Although we did not perform cannulation, we could 
only discuss about the increases of CSA, however 
not	 for	 success	 rates.	 In	 a	 study	 performed	 in	 infants	
and young children by Verghese et al.,	 an	 increase	 in	
CSA using some maneuvers including Trendelenburg 
position was shown but no success rates could be 

Table 1: Demographic data
Mean±SD Minimum-maximum

Age (days) 17.89±5.88 3‑28
Weight	(g) 3190±179.17 3000‑3800
Height (cm) 48.01±2.71 40‑54
BMI (kg/m2) 13.16±1.60 10.29‑18.75
BMI=Body	mass	index;	SD=Standard	deviation

Table 2: Cross‑sectional area for all measurements 
(mean±standard deviation) P values are for comparing 

conventional and inferior approaches for all 
Trendelenburg degrees

Conventional Inferior P
0 0.18±0.03 0.21±0.04 <0.001
15° 0.24±0.05 0.29±0.05 <0.001
30° 0.21±0.04 0.28±0.05* <0.001
*When	 comparing	 15°	 Trendelenburg	 positioning	 to	 30°,	 no	
significant	increase	in	CSA	was	observed.	CSA=Cross‑sectional	area
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discussed.[22] Similarly, in another study, the head down 
at	10°	effectively	increased	CSA	when	the	IJV	flattening	
ratios	 at	 0°	 was	 more	 than	 0.3	 in	 higher	 age	 group	 but	
again	no	success	rate	was	declared.[23]

As	 catheterization	 with	 USG	 requires	 holding	 a	
probe with one hand and directing a needle with the 
other, whereas simultaneously monitoring a screen, 
USG	 requires	 good	 hand‑eye	 coordination,	 skill,	 and	
experience.[2] However, real‑time visual cannulation is the 
safest	method,	especially	for	such	small	babies.	Currently,	
we perform cannulation routinely with real‑time USG in 
our clinic and believe we have found satisfactory entry 
and Trendelenburg positioning parameters for obtaining 
the	most	correct,	clear	images,	and	limiting	complications.

Verghese et al.	 have	 indicated	 that	 they	 have	 achieved	
100% success in a cannulation study with USG 
performed	on	infants.[2] Success of cannulation with USG 
has been proven with many similar studies, and further to 
this, we aimed to identify the most correct point for USG 
with	 babies	 under	 3500	 g.	 Furthermore,	 Lamperti	 et al.	
strongly recommended ultrasound assessment of vessels 
to	 determine	 the	 optimal	 site	 for	 cannulation.[24] This 
seems	 similar	 to	 the	 point	 of	 aim	 of	 our	 study.	 Similar	
studies should be planned to determine the most correct 
cannulation point for each age group, with different entry 
points, different Trendelenburg degrees and different 
head rotation degrees, when using USG, which has been 
shown	 to	 be	 superior	 to	 use	 of	 anatomical	 landmarks.	
It is necessary to fully abandon performing cannulation 
based solely on anatomical landmarks, especially in 
newborns,	 and	 preference	 identification	 of	 a	 location	
where cannulation with USG can be performed most 
easily	and	with	minimum	complication.

The most important limitation of this study resulted 
from a measurement protocol limited to healthy babies, 
without	 performing	 catheterization.	 Therefore,	 it	 is	
impossible to indicate whether catheterization success 
and	 duration	 vary	 the	 observed	 parameters.	We	 did	 not	
encounter	 any	 complications.	 Following	 this	 result,	
we plan to carry out another study for the purpose of 
comparing our success rates in catheterization, again in 
newborns.

Conclusion
The use of 15° Trendelenburg positioning may have 
significant	 advantage	 for	 increasing	 the	CSA	when	 used	
with	the	inferior	approach.

Financial support and sponsorship
Nil.

Conflicts of interest
There	are	no	conflicts	of	interest.

References
1.	 Gwak	MJ,	 Park	 JY,	 Suk	 EH,	Kim	DH.	 Effects	 of	 head	 rotation	

on	 the	 right	 internal	 jugular	 vein	 in	 infants	 and	 young	 children.	
Anaesthesia	2010;65:272‑6.

2.	 Verghese	 ST,	 McGill	 WA,	 Patel	 RI,	 Sell	 JE,	 Midgley	 FM,	
Ruttimann UE, et al. Ultrasound‑guided internal jugular venous 
cannulation in infants: A prospective comparison with the 
traditional	palpation	method.	Anesthesiology	1999;91:71‑7.

3.	 Schettini	ST,	Oliveira	LF,	Henao	HR,	Lederman	HM.	Ultrasound	
evaluation	 of	 techniques	 for	 internal	 jugular	 vein	 puncture	 in	
children.	Acta	Cir	Bras	2008;23:469‑72.

4.	 Nicolson	 SC,	 Sweeney	MF,	Moore	 RA,	 Jobes	DR.	 Comparison	
of internal and external jugular cannulation of the central 
circulation	in	the	pediatric	patient.	Crit	Care	Med	1985;13:747‑9.

5.	 Leyvi	 G,	 Taylor	 DG,	 Reith	 E,	 Wasnick	 JD.	 Utility	 of	
ultrasound‑guided central venous cannulation in pediatric surgical 
patients:	A	clinical	series.	Paediatr	Anaesth	2005;15:953‑8.

6.	 Verghese	 ST,	 McGill	 WA,	 Patel	 RI,	 Sell	 JE,	 Midgley	 FM,	
Ruttimann UE, et al.	 Comparison	 of	 three	 techniques	 for	
internal	 jugular	 vein	 cannulation	 in	 infants.	 Paediatr	 Anaesth	
2000;10:505‑11.

7.	 Denys	 BG,	 Uretsky	 BF,	 Reddy	 PS.	 Ultrasound‑assisted	
cannulation	 of	 the	 internal	 jugular	 vein.	 A	 prospective	
comparison	 to	 the	 external	 landmark‑guided	 technique.	
Circulation	1993;87:1557‑62.

8.	 Docktor	B,	So	CB,	Saliken	JC,	Gray	RR.	Ultrasound	monitoring	
in cannulation of the internal jugular vein: Anatomic and 
technical	considerations.	Can	Assoc	Radiol	J	1996;47:195‑201.

9.	 Troianos	 CA,	 Jobes	 DR,	 Ellison	 N.	 Ultrasound‑guided	
cannulation of the internal jugular vein: A prospective 
randomized	study.	Anesth	Analg	1991;72:823‑6.

10.	 Lobato	 EB,	 Sulek	 CA,	 Moody	 RL,	 Morey	 TE.	 Cross‑sectional	
area	 of	 the	 right	 and	 left	 internal	 jugular	 veins.	 J	 Cardiothorac	
Vasc	Anesth	1999;13:136‑8.

11.	 Grebenik	 CR,	 Boyce	 A,	 Sinclair	 ME,	 Evans	 RD,	 Mason	 DG,	
Martin B, et al. NICE guidelines for central venous 
catheterization	 in	 children.	 Is	 the	 evidence	 base	 sufficient?	Br	 J	
Anaesth	2004;92:827‑30.

12.	 Graham	AS,	Ozment	C,	Tegtmeyer	K,	Lai	S,	Braner	DA.	Videos 
in	 clinical	 medicine.	 Central	 venous	 catheterization.	 N	 Engl	 J	
Med	2007;356:e21.

13.	 Ely	 EW,	 Hite	 RD,	 Baker	 AM,	 Johnson	 MM,	 Bowton	 DL,	
Haponik	 EF,	 et al. Venous air embolism from central venous 
catheterization:	 A	 need	 for	 increased	 physician	 awareness.	 Crit	
Care	Med	1999;27:2113‑7.

14.	 Hwang	 JY,	 Ju	 JW,	Min	 SW,	Do	 SH,	 Ryu	 JH.	 Ultrasonographic	
comparison of two landmarks for the internal jugular vein: High 
versus	conventional	approach.	Eur	J	Emerg	Med	2016;23:292‑7.

15.	 Bellazzini	 MA,	 Rankin	 PM,	 Gangnon	 RE,	 Bjoernsen	 LP.	
Ultrasound validation of maneuvers to increase internal jugular 
vein	 cross‑sectional	 area	 and	 decrease	 compressibility.	 Am	 J	
Emerg	Med	2009;27:454‑9.

16.	 Nassar	 B,	 Deol	 GR,	 Ashby	 A,	 Collett	 N,	 Schmidt	 GA.	
Trendelenburg position does not increase cross‑sectional area of 
the	internal	jugular	vein	predictably.	Chest	2013;144:177‑82.

17.	 Fahy	 BG,	 Barnas	 GM,	 Nagle	 SE,	 Flowers	 JL,	 Njoku	 MJ,	
Agarwal M, et al. Effects of trendelenburg and reverse 
trendelenburg	postures	on	 lung	and	chest	wall	mechanics.	J	Clin	
Anesth	1996;8:236‑44.

18.	 Tournadre	 JP,	 Chassard	 D,	 Berrada	 KR,	 Bouletreau	 P.	
Effect of pneumoperitoneum and trendelenburg position on 
gastro‑oesophageal	 reflux	 and	 lower	 oesophageal	 sphincter	
pressure.	Br	J	Anaesth	1996;76:130‑2.

[Downloaded free from http://www.njcponline.com on Friday, June 3, 2022, IP: 176.236.99.167]



Karaaslan, et al.: Internal jugular vein area in newborn

518 Nigerian Journal of Clinical Practice ¦ Volume 21 ¦ Issue 4 ¦ April 2018

19.	 Reich	 DL,	 Konstadt	 SN,	 Raissi	 S,	 Hubbard	 M,	 Thys	 DM.	
Trendelenburg position and passive leg raising do not 
significantly	 improve	 cardiopulmonary	 performance	 in	 the	
anesthetized	patient	with	coronary	artery	disease.	Crit	Care	Med	
1989;17:313‑7.

20.	 Keusch	 DJ,	 Winters	 S,	 Thys	 DM.	 The	 patient’s	 position	
influences	 the	 incidence	 of	 dysrhythmias	 during	 pulmonary	
artery	catheterization.	Anesthesiology	1989;70:582‑4.

21.	 Mavrocordatos	 P,	 Bissonnette	 B,	 Ravussin	 P.	 Effects	 of	
neck position and head elevation on intracranial pressure 
in	 anaesthetized	 neurosurgical	 patients:	 Preliminary	 results.	
J	Neurosurg	Anesthesiol	2000;12:10‑4.

22.	 Verghese	ST,	Nath	A,	Zenger	D,	Patel	RI,	Kaplan	RF,	Patel	KM,	

et al. The effects of the simulated valsalva maneuver, liver 
compression, and/or trendelenburg position on the cross‑sectional 
area	 of	 the	 internal	 jugular	 vein	 in	 infants	 and	 young	 children.	
Anesth	Analg	2002;94:250‑4.

23.	 Kayashima	 K,	 Ueki	M,	 Kinoshita	Y.	 The	 relationships	 between	
the head‑down angles and the internal jugular vein cross‑sectional 
areas	 in	 regard	 to	 the	patients’	heights	 and	 the	venous	flattening	
ratios	in	children.	Masui	2013;62:64‑70.

24.	 Lamperti	 M,	 Bodenham	 AR,	 Pittiruti	 M,	 Blaivas	 M,	
Augoustides JG, Elbarbary M, et al. International evidence‑based 
recommendations	on	ultrasound‑guided	vascular	access.	Intensive	
Care	Med	2012;38:1105‑17.

[Downloaded free from http://www.njcponline.com on Friday, June 3, 2022, IP: 176.236.99.167]


