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Anatomical and topographical variations in positions of the vermiform appendix re
ABSTFtACT:
known to occur. Appendicitis is one of the most common clinical conditions that
7-at.
immediate surgical intervention and is globally prevalent. Variations in anatomical position
cpuse different clinical presentations. The anerating surgeons require a sound knowledge a'
positions of the appendix to minimize complications encountered during appendicectomy.
requ
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The caecum and its diverticulum the vermiform appendix appear in the 5:—
INTRODUCTION:
week of intrauterine life as an elevation on the antimesenteric border of the caudal limb of re
midgut loop. The caecal apex does not grow as rapidly as the remaining portion hence re
-cia
vermiform appendix initially appears to be a small diverticulum of the caecum. The appe
increases in length so that at birth it is a relatively long tube arising from the distal end of _
- ie
After birth due to differential growth of the caecal wall the appendix now comes L.
caecum.En
on the medial aspect. Developmentally the appendix varies considerably in position.
vermiform appendix is the most variable organ in terms of position, extent, peritoneal and
As the ascending colon elongates the appendix may pass posterior to the car
relations.Eimml
or colon and may also descend over the brim of the pelvis. In approximately 64% of the
The appendix is located in the right lower quadrant Pr
the appendix is located retrocaecallY. [13
It usually arises as a diverticulum from the posteromedial wall of the caear.
abdomen.E61
opening is occasionally guarded by a semicircular fold of mucous membrane known as the
The appendix is usually locate" at the junction of the taeniae found on the s_a
of Gerlach.m
Length of the appendix varies from 2-20 cms with and average !enc.
•of the caecum? 91&
tn) Base of the apprcbs
Unique 28 cms long vermiform appendix has been reported.
cms.m
attached to the caecum and this attachment is fairly constant whereas the tip can be founz
retrocaecal, pelvic, subcaecal, pre-ileal and post-ileal positions. A short triangular mesoap
E
extends along the whole length almost up to the appendicular tip. The mesoappendix has
-border which carries the blood supply to the organ by the appendicular artery a branch fra
Appendicitis is the most common cause of acute abdomen in young
ileocolic artery.tui
Identification of the normal position of appendix is important because in appendicitis
positions may produce symptoms and signs related to their position and hence can mimic
This study has been conducted on cadavers in Kosi region of Bihar to obEre
diseases.(141
length and positions of the vermiform appendix along with the extent of mesoaPpendix.
•
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During routine cadaveric dissections performed in the
LS AND METHODS:
of Anatomy, Katihar Medical College, Kaghar, fifty specimens of composite viscera of
ent
— appendix, last two inches of ileum and first two inches of ascending colon were
and removed from adult cadavers with intact mesoappendix. The specimens were
under running tap water and were fixed in 10% formalin overnight. The specimens were
using measuring tape and observations on length and positions were recorded. Extent
w,opendix was also observed.
ATIONS: The findings are presented in tabular form.
No. of Males Percentage No. of Females Percentage
(0/0)
Position
(38)
58
M12
63
24/38
Retrocaecal
25
03/12
21
08/38
Pelvic
08
01/12
07
03/38
Paracolic
08
01/12
05
02/38
Promontoric
00
00/12
00
00/38
Splenic
00
00/12
02
01/38
Subcaecal
position
Table 1: No. of cases and their percentage in each
Avg. Length (cm) Avg. Length (cm)
Females
Males
6.9
7.4
Retrocaecal
6.1
6.9
Pelvic
5.7
6.6
Paracolic
5.4
6.3
Promontoric
0.0
0.0
Splenic
0.0
5.6
Subcaecal
Table 2: Average length of appendix in each position
Position

Females
Males
A = 36 (95%) A = 11 (92%)
B = 01 (08%)
B = 02 (05%)
Table 3: Extent of,meso-apPendix
I = Mesoappendix extending up to the tip
= Mesoappendix failing to reach the tip

- Based Med & Hlthcare, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 1/ Issue 7 / Sept. 2014.

• 11k

Page 565

ORIGINAL RESEARCH ARTICLE
Group
1
2
3

Males Percentage (%) Females Percentage (%)
75
09/12
84
32/38
08
01/12
14
05/38
17
02/12
02
01/38
Taole 4: Arterial supply of appendix

1. Single AA branching from inferior division of ileocolic artery
2. Single AA branching directly from ileocolic artery
3. Accessory AA present
AA = Appendicular Artery
DISCUSSION: In this study we observed the following. With reference to variations in position
the findings in males were as follows: retrocaecal (63%), pelvic (21%), paracolic (07%),
promontoric (05%), splenic (00%) and subcaecal (02%) while in females the findings were
retrocaecal (58%), pelvic (25%), paracolic (08%), promontoric (08%), splenic (00%) anc
subcaecal (00%). In this study retrocaecal position* was commonest and has been previously
reported by Ajmani & Ajmani (1983).1151 The average length of the appendix was calculated to be
5.46 cm in males and 4.02 cm in females and was within normal limits.11°1 Mesoappendix in males
extended up to the appendicular tip in 95% while in females the extent was recorded to be 92%.
Failure of the mesoappendix to reach the tip can make the appendix vulnerable to gangrenous
changes as there is reduced vascularity.m In males 84% of cases showed a single appendiculs

artery branching from inferior division of ileocolic artery while in females it was 75%.
Appendicular artery branching directly from the ileocolic artery was observed to be 14% in males
and 08% in females. Accessory appendicular arteries were found in 2% of males and 17% 'females. With reference to positions of appendix our results are not similar to another study !Zambia (Katursicj et al, 1979) in which pelvic position was commonest (43%). But in othestudies retrocaecal position was commonest position (Bahkeit and Warille, 1999; Collins, 1932
Ajmani & Ajmani, 1983). Common incidence of retrocaecal position have been reported 'England 65% (Wakely, 1932), Nijeria 38% (Solanki, 1970), India 68% (Ajmani & Ajmani, 1983:
The average length of appendix was 5.46 cm in males and 4.02 cm in females. This was less thathat seen in other studies (Williams etal, 1995, Schwartz et al, 1999; Bakheit and Warille, 199;
Katzurskj et al, 1979; Collins, 1932; Ajmani & Ajmani, 1983). In 5% of males and 8% in females
the mesoappendix failed to reach the appendicular tip which was lower, compared with 46.7%iSudan (Bakheit and Warille, 1999). Due to failure of mesoappendix to reach the tip of the orgamakes it more susceptible to perforation during inflammation (Anderson) et al, 1992). The
classical teaching in medical colleges of India emphasizes on the fact the appendix lies deep 2...the junction between lateral 1/3 and medial 2/3 of the right spino umbilical line, the so called Mc
Bumey's point. It is not mandatory for the appendicular base to lie at this definite site. In Inez
where open appendicectomies form the significant majority surgeons need to be aware of tt
variations for preoperative planning and surgical outcomes. Trainee surgeons should not De
surprised if the appendix is not visualized when a transverse incision is made at the Mc Bumeis
point.
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The vermiform appendix is the most variable organ in the abdomen and
CDNCLUSION:
endicitis should always be considered as a differential diagnosis in acute abdomen even when
and tenderness do not originate from tight iliac fossa. The location of the appendix is
sicortant when it comes to clinical presentation of patients with appendicitis. The area of
rerness in appendicitis will depend upon the length, position, part, inflammation and direction

it appendix.
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ABSTRACT: The heart is supplied by two coronary arteries and their branches. Variations occur
occasionally in their origin and patterns of distribution. The coronary circulation and its collateral
circulation has long been a topic of interest. The branches of the coronary arteries are generally
considered to be functionally end arteries. However anastomoses do exist between branches of
coronary arteries on the surface of the heart and between these arteries and extra cardiac
vessels. These collaterals may or may not be well developed in individuals with normal cardiac
anatomy. Vulnerability of an individual to develop coronary collaterals may characterize the
myocardial susceptibility hence knowledge of branching pattern and mechanisms involved in
formation of collaterals may aid in the treatment of coronary heart diseases.
Heart, Coronary arteries, Variations, Anastomosis, Distribution.
KEYWORDS:
Heart is a pair of valved muscular pumps combined together in a single
INTRODUCTION:
The heart needs an uninterrupted suppl4 of nutrition and oxygen throughout life due to
organ.°)
increased susceptibility of the myocardium to ischaemia. The heart is supplied by the two
coronary arteries and their multiple branches. The veins that drain the myocardium do not have
) The arterial
names that corresponds to arteries in this respect the heart resembles the brain?
supply of heart is provided by the right and left coronary arteries which arise from the ascending
aorta immediately above the aortic valve. The coronary arteries and their major branches are
(3) The
distributed over the surface of heart lying within subepicardial connective tissue.
importance of knowledge of the course and branches of both coronary arteries has increased
considerably in recent years as these arteries are often visualized both diagnostically and
therapeutically in living during coronary angiography.
(4) The right
The pattern of branching of coronary arteries shows considerable variation5.
coronary artery (RCA) arises from the anterior aortic sinus, passes anteriorly and to the right
between the right auricle and the pulmonary trunk and descends vertically in the coronary sulcus
between right atrium and right ventricle. Near its origin, the RCA gives off sinoatrial nodal branch.
The RCA then descends in the atrioventricular groove and gives off the right marginal branch.
Then the RCA on reaching the inferior margin of the heart turns to left and continues in the
coronary sulcus on to diaphragmatic surface and base of heart. Here it gives off the
atrioventricular nodal branch at the crux of heart and a final major branch the posterior
interventricular branch which lies in the posteriot interventricular sulcus.
Typically the RCA supplies the right atrium, most of right ventricle, part of left ventricle
(diaphragmatic surface), part of interventricular septum, sinoatrial node and the atrioventricular
node. The left coronary artery (LCA) originates from left posterior aortic sinus and passes
3 of Evidence Based Med Btillthcare, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 1/Issue 12/Nov 24, 2014 Page 1511
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between the pulmonary trunk and left auricle and runs in the coronary sulcus. While still posterior
to the pulmonary trunk, the artery divides into its two terminal branches, the anterior
interventricular branch (left anterior descending artery) and the circumflex branch.
The anterior interventricular branch continues and descends obliquely towards the apex of
heart in the anterior interventricular groove and turns around the inferior border of heart and
commonly anastomoses with the posterior interventricular branch of the right coronary artery.
Along its course it gives off one or two diagonal branches. The smaller circumflex branch of the
LCA runs in the coronary sulcus around the left border of heart to reach the posterior surface of
the heart. A large branch the left marginal artery usually arises from it and continues across the
rounded obtuse margin of heart.
Typically the LCA supplies to the left atrium, most of the left ventricle, part of right
ventricle, and most of interventricular septum including the atrioventricular bundle of His and it
branches. Variations in branching patterns and distribution of coronary arteries are common. The
most common variant is right dominant pattern,iioresent in approximately 67% of people where
the posterior interventricular branch arises from the RCA. In about 15% of people the LCA is
dominant, where posterior interventricular branch arises from the left circumflex branch of LCA.
(5)
Apart from right and left coronary dominance, there is balanced coronary circulation.
Anastomosis between right and the left coronary arteries are abundant during foetal life.
but are much reduced by the end of first year of foetal life. Anastomoses providing collateral
(6)The
circulation may become prominent in conditions of hypoxia and in coronary artery diseases.
potential for development of collateral circulation probably exists in most of heart if not all hearts.The anterior interventricular branch ends in terminal anastomosis with posterior interventricula
branch of right coronary artery.
The present study was conducted in the Department of Anatomy.
METHODS:
MATERIALS
Katihar Medical College, Katihar, Bihar over a period of 5 years during which 30 specimens fror
both sexes of intact heart with great vessels were dissected and removed from the adult cadavers
during routine dissection. The specimens were washed in running water to remove coagulate:
blood clots and were fixed in 10% formalin. Photograph of each specimen was taken prior t
injection of Eosin solution (Fig. 1). Eosin solution was injected into each coronary artery
polythene cannulae under constant pressure. ;be pressure was maintained in order to prever:
St

rupture of small vessels and for optimum penetration of eosin solution.
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I: Intact Cadaveric Heart Prior to Inject;2n of Eosin Solution.

Fig. 1
Both coronary arteries were observed to arise from the root of the aorta and
ATION:
are seen to course subepicardially in the atrioventricular and interventricular grooves and the
-10- les seen to be arising from the anterior aortic sinus and its branches originated at about
-sr ariet. (Fig. 2). The RCA terminated on lie diaphragmatic surface of the heart with two or
woe xandies descending in or parallel to the interventricular sulcus towards the apex cordis.
c.*40 2: AO=Aortic Orifice, LCA= Left Coronary Artery & RCA= Right Coronary Artery.

Fig. I?
Almost in all cases the LCA was shuhrt and normally had no branches proximal to its
Yurcation. The left descending branch is a continuation of the left main coronary trunk which
etas seen to course in the anterior interventricular sulcus up to the apex cordis. The left
riraimflex coronary artery was seen to originate from the LCA at right angles (Fig. 3). 2 out of 30
examined hearts (6.6%) had a third coronary artery (TCA) (Fig.4). They were seen to arise from
the right aortic sinus and their orifices in all cases were in front and to the left of the orifice of the
right ventricle.

SMINIIMIMMINE
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6. No. 3: Left Anterior Descending Branch of Left Coronary Artery.

Fig. 3
Fig. No. 4: 1 = Left Coronary Artery, 2= Right Coronary Artery, 3 = Third Coronary Artery

Fig. 4
Based on the distribution of coronary arteries and their branching patterns, 3 types of
coronary circulations were considered. [Al Right dominant; [B] Balanced and [C] Left dominant
The RCA dominance was observed in 21/30 cases (70%) and in these cases, right coronary
extended beyond the crux cordis. Balanced coronary artery circulation was observed in 6/30
cases (20%). LCA dominance was found in 3/3t1 cases (10%). In 20/30 cases (67%) ramus
osticaVaesuperioris was observed. It arose from the RCA in 12/20 cases (60%) and from LCA in
8/20 cases (40%). This vecriPI was not found to arise from both coronary arteries in same heart.
The interventricular septum was observed to receive most of its blood supply from the left
anterior descending branch.
In 22/30 cases (73%) the septal blood supply was provided by branches of left
descending artery and 8/30 cases (27%) by branches from the posterior descending artery.
3 of Evidence Based Med 8dilthcare, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 1/Issue 12/Nov 24, 2014 Page 1514
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In regard to the classification of type of coronary circulation into right or left
DISCUSSION:
aorninance and balanced circulation, in this study percentages were similar to those reported
by
s and di Dio,
rrio et al! Freuciency of right dominance was lower than those reported by Blunk
Jiro Junior et al' and Falci Junior et al.' In none of the hearts studied did the RCA and the
Xtumfex branch of the LCA ended in parallel in posterior interventricular branches as reported
'afore. The anterior interventricular branch ended in termino-terminal anastomosis with posterior
°
arventricular branch of the RCA and in a frequency between those reported by Hadziselimovic
mid Secerov and Cavalcanti et al.°
Data about the frequency of the third coronary artery is rather diverse, from 1.5% and
In this study the incidence of TCA was found to be 6.6%
Flo as stated by Lo and Kurija.°' 14
16 Hadziselimovic17
ritich was consistent with the result received by Villanoga and Yamagishi.°'
,..t independently from the right aortic sinus.
points out that even three coronary arteries may aris
-_- 15% cases trifurcation of coronary artery was present where TCA was known as median artery
Literature describes cases with anastomosis of TCA with the anterior
-orted by Sinha P et al.°
raventricular branch, diagonal branch, circumflax branch as well as with the branches of RCA.
This study ascertained solely anastomosis of the TCA with anterior interventricular branch with
trmation of Vieussens arterial ring.
This artrial ring may be found by conal branch of RCA but it is less significant as it is more
° the TCA may
aften enfolded with the atherosclerotic process. According to Miyazaki and Kato
develop after birth. Observations of the present study has revealed that TCA gives 3 branches in
50% of the cases. In this study we also observed that the TCA extend epicardially to supply apex
heart.
tithe
The right and left coronary ostia were present at the anterior and left posterior aortic
°
Eiuses respectively in all cases and there were no variations in the locations of the ostia. Sinha
at has reported that in 5% cases two separate ostia were found for anterior interventricular
ez
and circumflex artery. As per the documented literature the S.A. node received special arterial
°
supply. The present findings are in accordance of studies of James and Burch.
These authors have pointed out that S.A. nodal artery is the largest atrial coronary branch
',filch originates from the RCA or LCA. This study has confirmed the presence of main septal
branches of the anterior and posterior descending arteries as described by such workers as Gross
and Mitchell & Schwartz (1965).25 The present findings
24
Fulton
(1965),
23
1921),n James (1961),
are in agreement with their descriptions that this major part of the interventricular septum of all
earts is supplied by branches of anterior descending artery. In this study RCA dominance was
- J% and LCA dominance was 10% and balanced dominance was 20% which were similar to
.1-.ose reported by Pino at al.26
In all the cadaveric hearts the coronary arteries arises from the aortic sinus. The
CONCLUSION:
"rcidence of third coronary artery holds importance in clinical practice as sometimes
atherosclerotic lesions are found in this vessel. The results shows that pattern of coronary supply
along with anastomosis are present in the heart with some variations. The distribution was more
- favour of right coronary dominance. The coronary collateral blood flow may be an important
xotective response to acute and chronic Ischaemia. The distribution of S.A. nodal arteries allows
..nderstanding the possible aetiology of the Sinusal Nodal Syndrome and permits the surgeon a
Evidence Based Med 8d-Ilthcare, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 1/Issue 12/Nov 24, 2014 Page 1515
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safe approach to cardiac disease. Caution should therefore be taken during surgical procedure
along the anterior wall of the right ventricle and infundibulum since such a long TCA may present
a surgical hazard.
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OBSERVATION ON ARRANGEMENT OF HILAR STRUCTURES IN
CADAVERIC KIDNEYS AND THEIR CLINICAL SIGNIFICANCE
Saffey Kumar Sinhal, Nafees Fatima2, Ghazala Perween3, Madhu Sinha4
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ABSTRACT: Hilum of an organ is a depression, pit or slit like opening through which vital
=
—_ctures enter or leave the organ. In addition to the kidney, hilum is also observed in the
rhgallum, lung, ovary, spleen and suprarenal gland. Laparoscopic nephron-sparing surgery for
=id renal masses can be achieved successfully both transperitoneally and retroperitoneally if a
ntprehensive knowledge of both normal and variant hilar anatomy of the kidneys is in the 'mind
S the operating surgeon. Documented text is asmilable on various aspects of the kidneys but an
teservation on variations in hilar arrangement is infrequently dted. In standard text from anterior
= posterior the structures at the renal hilum are renal vein, renal artery and the renal pelvis.
KEYWORDS: Hilum, Kidneys, Arrangement, Variant, Anatomy.

TRODUCTION: The kidneys are a pair of reddish brown retroperitoneal organs which secrete
:It end products of metabolism and excess water. They perform a dual role by maintaining water
a-ci electrolyte balance and releasing erythropoietin which affects red blood cell formation and
which influences blood pressure. In the foetus and newborn, the kidney normally has 12
cedes. These are fused in adults to present a smooth surface although traces of lobulation may
-Filain.E13 The normal kidney measures about 12x6X3 cm and weighs 130-150 g. The hilum of the
rtit kidney lies just below, and of the left just above, the transpyloric plane 5 cm from the
aidline.r2) The hilum of each kidney lies over psoas. The hilum of the kidney leads into a central
lined by the renal capsule and almost filled by the renal pelvis and vessels, the remaining
=ace being filled by fat. Dissection into this plane can be challenging but is important in surgery
xi the renal pelvis, particularly open stone surgery.E33 For many operations on the kidney
tiduding nephrectomy and nephrolithotomy a lumbar approach is used. The renal vessels can be
scposed, ligated and divided to mobilize the own further and transect the ureter.(43 Clamping of
"rividual structures at the hilum is preferred rather than en-bloc clamping.(51 Knowledge of
ructures at the renal hilum is thus necessary prior to any surgical intervention of the kidney.(6)
The arrangement of structures at the renal hilum, anteroposteriorly as described in standard
anatomical texts is: renal vein, renal artery and renal pelvis. A systematic study with this specific

tOCUS has seldom been reported in literature.
MATERIAL & METHOD: The present study was undertaken to observe the arrangement of
structures in hilar regions. 40 (20 Right [R] and 20 Left [L]) embalmed cadaveric kidneys from
the Department of Anatomy were observed in this study. Hilar dissection was carried out to
observe the arrangement of structures entering or leaving the hilum of the kidney.
Anteroposterior relations of the structures at the hilum were also recorded. The arrangement of
of Evidence Based Med &Hlthcare, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 1/Issue 17/Dec 29, 2014 Page 2153

ORIGINAL ARTICLE
renal artery, renal vein and the renal pelvis, anteroposteriorly exhibited noticeable variations in
their hilar relations. In majority of the cases renal artery divided into anterior and posterior
divisions. In few cases anterior trunk of renal artery is the most anteriorly placed structure at the
pbserved at the hilum.
renal hilum. In some cases retropelvic structures are l
The following types of structural arrangements at the renal hilum were
OBSERVATIONS:
observed. They are A, B, C & D respectively.
ANTERIOR
Type A
RV
RA
RP

N=24/40
R=14/40 & L=10/40

Type B
RV
AD of RA
PD of RA
RP

Type C
AD of RA
RV
PD of RA
RP

Type D
AD of RA
RV
RP
PD of RA

N=03/40
N=05/40
N=08/40
R=02/03 & L=01/03
R=05/08 & L=03/08 R=03/05 & L=02/05
POSTERIOR

Table 1: Arrangement of structures at the renal hilum from anterior to posterior

Legends:

A=Artery, AD=Anterior Division, PD=Pclerior Division, P=Pelvis, R=Renal, V=Vein.

In our study we observed the standard textbook arrangement of hilar structures
0/c specimens we
DISCUSSION:
in 60% specimens. The remaining 40% specimens showed variations. In 20
observed anterior and posterior divisions of the renal artery occupying the bulk of the hilum
whereas in 12.5% specimens the renal vein was sandwiched between the two divisions of the
renal artery. Only in 7.5% specimens we observed the retro pelvic occurrence of posterior
division of the renal artery. It may be noted that none of the variants have been mentioned in
textbooks of Anatomy but have only been encountered during routine cadaveric dissections.
Embryo logically the right renal vein develops from a single anastomotic channel whereas the left
renal vein develops from multiple anastomotic channels. Hence the predominant left sided
occurrence may have an embryological explanation. Developmental malformations may change
the interrelationship of the hilar structures. Surgical interventions that require hilar dissections are
technically more challenging in laparoscoPic approach as compared to open surgeries.
Knowledge of anatomical variations at the renal hilum assumes clinical
CONCLUSION:
importarice for operating surgeons as laparoscoPic surgeries have become the treatment of
choice in recent advancement. Bulk of the hilum is occupied by branches of renal arteries and
tributaries of renal veins. Variations are predominant on the left side and presence of retropelvic
structures should be kept in mind during renal manipulation.
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ABSTRACT: Appendicectomy is a common surgical procedure worldwide and it refers to the
surgical removal of the vermiform appendix for therapeutic reasons. This surgical procedure when
performed classically or laparoscopically requires thorough knowledge of surface, gross and
vascular anatomy of the vestigial organ. Deficiency in knowledge of variations in blood supply of
the appendix can prove to be a problem for the operating surgeon.
KEYWORDS: Vermiform appendix, Appendicectomy, Vestigial organ.
INTRODUCTION: The appendicular artery is normally a branch of the inferior division of the
ileocolic artery, which runs behind the ileum to enter the mesoappendix.E11 In its course it gives
off a recurrent branch which anastomoses with a branch of the posterior caecal artery. The artery
enters the mesoappendix a short distance from the appendicular base.m The appendicular artery
traverses the free margin of the mesoappendix and tends to approach the tip of the organ. As the
mesoappendix does not continue upto the tip of the appendix, the artery now lies in direct
contact with the appendicular bp. It must be remembered that the appendicular artery is an end
artery.(33 Accessory arteries are common and many individuals possess two or more arteries of
supply to the appendix. Accessory appendicular artery which is usually a branch of posterior
caecal artery supplies the appendicular base. Damage to this artery can lead to significant intraoperative and postoperative hemorrhage and should be searched for carefully and ligated once
the main appendicular artery is controlled. 41
MATERIALS AND METHODS: During routine cadaveric dissections performed in the
Department of Anatomy, Katihar Medical College, Katihar, fifty specimens of composite viscera of
caecum, appendix, last two inches of ileum and first two inches of ascending colon were
dissected and removed with intact blood vessels. The specimens were washed under running tap
water and were fixed in 10% forman. The ileocolic artery along with its branches to the
appendix was traced and variations in arterial patterns of the appendix were recorded.
OBSERVATIONS: Observations are presented in tabular form.
Feature
Group
A
Single AA branching from inferior division of ileocolic artery
B
Single AA branching directly from ileocolic artery
Accessory AA present
C
Table 1

No. Percentage
28/50
56%
12/50
24%
10/50
20%

AA = Appendicular Artery
J of Evidence Based Med &Hlthcare, pISSN- 2349-2562, e15511- 2349-2570/ Vol. 1/ Issue 5 / July 2014.
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El A = 56%
11( B1= 24%
C : 20%

Fig. 1: Pie chart depicting the findings in percentage
DISCUSSION: Out of the 50 specimens observed, 28 specimens (56%) revealed the presence
of a single appendicular artery which branched from the inferior division of ileocolic artery. This is
a normal finding and has been documented previously by Cunningham153 and Standring.121 In 12
specimens (24%) a single appendicular artery which branched directly from the ileocolic artery
was observed. This type of origin has also been described by Haller.E61 10 specimens (20%)
showed the presence of accessory appendicular arteries. Accessory appendicular arteries have
been previously mentioned by Ansonmand Das.PI In this study, out of the 10 accessory
appendicular arteries 8 had originated from the posterior caecal artery and 2 had branched from
the common caeca! artery. Accessory appendicular arteries branching from the posterior caecal
artery has been reported by Bergmann.181
CONCLUSION: Normally the appendicular artery originates from the inferior division of the
ileocolic artery but it may also originate directly from the ileocolic artery. Variations in its origins
and in particular knowledge of accessory appendicular arteries should be kept in mind by the
operating surgeons to avoid complications during appendicectomy.
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Abstract
Trigeminal ganglion (TRG) consists of collection of primary sensory neurons. The different
subsets of neurons have been identified on the basis of morphological and neurochemical
characteristics. It remains to be resolved as to whether the various neuronal subsets remain
alike across the mammalian species and if there exists some species specific characteristic
neurons. The present study was conducted on adult mammals (rat, rabbit, and goat) of either sex. TRG of both sides were procured and fixed in 10% buffered formalin and processed for paraffin embedding. 10 gm thick sections stained with Haematoxylin and Eosin
were examined under light microscope and relevant findings were recorded in photomicrographs. It was noticed that the main cellular constituents (neuron and glia) of TRG could be
easily identified and features of most of the neurons matched with earlier light microscopic
descriptions [1, 2]. However, few neurons in the present study revealed certain additional
features. For example — in the medium size neuron, large Nissl granules formed single peripheral ring; in the medium and large sized neurons, coarse Nissl granules formed two concentric (perinuclear and peripheral) rings; and a couple of neurons appeared to share common sheath — a kin to binucleate neurons. In addition, the neuronal somatic size appeared to
have direct relationship with the body size of the animal. The number of nucleoli and Cajal
bodies per neuron and the number of cells involved in the formation of satellite glial cell
(SGC)-sheath could be correlated with the size of neuronal somata. It was concluded that
the neuronal subgroups of mammalian TRG remain fairly similar across the species. However some less common neurons with single and double rings of coarse Nissl granules need
suitable categorization with respect to their neurochemical and functional characteristics.
Key words: Trigeminal Ganglion, sensory neuron, Nissl body, Cajal body, satellite glial cells.

Acceptefl July 01 2009
Introduction:
Like many other sensory ganglia associated with the cranial nerves, TRG also consists of collection of primary
sensory neurons but unlike others, part of its primary sensory neurons in addition are located in the central nervous
system as mesencephalic nucleus of trigeminal nerve [3].
It has similarity with the dorsal root ganglia (DRG) in
being commonly affected by herpes virus [4, 5] resulting
into postherpetic neuralgic pain syndromes and therefore,
becoming the focus of large number of studies. Like DRG
[6], TRG is also known to consist of different subsets of
neurons e.g., two types of neurons based on staining intensity (dark and light) [2]; three types of neurons based
on somatic size [7,3], and four types of neurons based on
characteristics of Nissl granules [1] have been described.
Current Neurobiology Volume 1 Issue I

Type Marge neurons have diffusely distributed fine granules, type II-neurons contain coarse sparsely tlistributed
Nissl granules, type III- neurons possess dense Nissl
granules of varying size, and type IV-small neurons depict granules concentrated peripherally [1]. In cat the cell
innervating meninges are said to be smaller than average
[8]. Immunocytochemical studies have shown that to
some extent certain morphological subsets of TRG neurons are positive for specific neurotransmitter or its receptors e.g., large TRG neurons are positive to NPY and Peptide-9 [3] and small to medium sized neurons are positive
to substance-P, NKA, CGRP [3], NADPH diphorase [9],
BDNF ( [10]. However, while substance-P positive neurons may be small, medium or large [11] and GABA positive neurons are primarily large but may be medium or
small [7] and Glutamate positive neurons are primarily
25
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small to medium size but may also be large [7]. In case of
Galanin, changing pattern of intensity and somatic sizes
of neurons was reported during the course of healing [12].
Four types of neurons based on Nissl granule characteristics [1] have further been defined electron microscopically by length and arrangement of flattened cisterns of
granular endoplasmic reticulum and number of neurofilaments Type I- largest and type IV smallest. Type III
and type IV lack neurofilaments. Seven types of neurons
based on size, shape and electron density of the neuronal
somata have been described [13]. It still remains to be
resolved as to what extent the light microscopic features
of TRG neuronal heterogeneity (existence of subsets) are
maintained across the mammalian species and if there
exists some species specific characteristic features of neurons in TRG.
Material and Methods
In the present study TRG from both sides of 5 adult
healthy animals of either sex (rat, rabbit, and goat) were
included. Those from rat and rabbits were procured by
euthanising the animals with over dose of general anaesthesia, followed by fixation with intra.cardiac perfusion of
10% buffered formalin. TRG from goat were collected
from slaughter house within 15 to 20 minutes of sacrifice
of the animals and was immersion fixed in 10% buffered
formalin. TRG from each animal were processed separately for paraffin embedding. 10 rim-thick sections cut
with the rotary microtome and stained with Haematoxylin
and Eosin were observed under light microscope. Salient
findings were recorded in photomicrographs taken at final
magnification of X400 and X1000 (Olympus BX40).
Observations
The TRG contained two main types of cells namely neurons and glia. Neurons were larger and more prominent
and less numerous while glia cells were smaller in size,
more numerous and surround each neuron. Clusters of
neurons were interspersed among nerve fascicles (Fig. 1
and Fig. 2). In cross sections, the nerve cell clusters appeared to assume different size and shapes. Almost all
nerve cell bodies were circular to oval in outline, and revealed a wide range of size variation both in an individual
and across the species. The neuronal somatic sizes in rat,
rabbit and goat ranged from 12 to 30 lam, 15 to 75 pm and
25 to 120 Am respectively. Each nest of neurons possessed cells of different sizes and there appeared to be no
specific pattern in their manner of arrangement. In all
animals, most of the neurons were lightly stained with
some small and medium sized neuron took dark staining.
Neuronal cell was characterized by large centrally placed

Figure I. Rat TRG: Cluster of neurons along with SGCs
among fascicles of nerve fibres (Nf). Note typical
neuron with single nucleolus and three Cajal bodies (1);
single nucleolus, three Cajal bodies and Nissl granules
in two concentric rings (2); medium sized neuron with
double nucleoli (3). H & E; X 400.

Figure 2. Rabbit TRG: Neurons of different size interspersed among nerve fascicles (NJ) which is permeated by
capillaries (C). Large Nissl granules forming prominent
peripheral ring (1), neurons I, 2, and 3 have Cajal bodies. Also note the marked perinucleolar halo in neuron -2;
and satellite glial cells (Gs) forming sheath. H & E X400.
euchromatic, vesicular nucleus and prominent nucleolus.
The number of nucleoli per neuron ranged from 1-3 (Fig.
1). In addition some neurons depicted variable number (15) of Cajal bodies of varied size, staining intensity and
arrangement with respect to the nucleolus (Figs. 1, 2, 4)
and are believed to reflect a distinct transcription-dependent organization of nucleolus splicing machinery of TRG
neurons [17]. Occasionally, a perinucleolar halo could
also be visualized (Fig. 2, neuron-2). The perikaryon was
filled with Nissl substance which assumed different appearance in terms of its overall amount, distribution pattern, size of granules, and intergranular space. Features of
most of the TRG neurons matched with light microscopic
features mentioned in the literature [1, 21. However, few
neurons in the present study revealed certain additional
interesting features. For example — in the medium sized
neuron, large Nissl granules formed single peripheral ring
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while fine granules occupied rest of the soma (Fig. 2), and
medium and large sized neurons, coarse Nissl granules
were arranged in the form of two concentric (perinuclear
and peripheral) rings (Fig. 1). Normally, each neuron was
surrounded by SGCs which actually formed a sheath and
thus each individual neuron along with its SGCs could be
identified as isolated units. But sometimes two medium
sized or small neurons were placed so closely that part of
SGC-sheath between adjacent neurons remained invisible
even at higher magnification and it appeared that both
neurons shared a common sheath (Fig. 3) or else represented a case of binucleated sensory neuron. As seen in
the cross section, the number of SGCs involved in the
formation of perineuronal sheath varied with the size of
neuronal cell body ranging from just 3 around small neuron to 25 around large neurons. In other words, number of
glial cells taking part in the formation 'of SGC-sheath
seems lower in rats as compared to rabbit and goat. The
cytoplasm of SGC was revealed only occasionally(Fig. 4).

Fig. 3. Rabbit 772G: Three neurons with their SGCsheaths. Two neurons within common sheath (small arrows). No trace of connective tissue between two neurons
. (vertical long and thick arrow) thus giving appearance
- of a binucleate neuron. H & E; x moo

Fig. 4. Goat 772G: Large oval neuron. Unffonnly distributed Nissl granules, Single prominent nucleolus and five
Cajal bodies (Cb). Perineuronal glial cell sheath (Gs) can
easily be identified H & E; X 400.
Current Neurobiology Volumel Issue I

Discussion
Sensory neurons in TRG are structurally, functionally and
neurochemically heterogeneous [1,2,3,7,9,10,11,12,13].
In the present study only light microscopic morphological
criteria have been taken for identification of different subsets of TRG neurons. The features of almost all TRG neurons fell within one or the other e.g., dark and light [2];
type I, II, III and IV [1]. However, few neurons revealed
features which did not match with those described previously (Fig 1, 2 and 3). Neuron -2 in figure 1 is large and
possesses double rings of coarse Nissl granules-and hence
different from those describe earlier. The neuron in fig. 2
with single ring of coarse Nissl granule is akin to type IV
neuron [1] but here it is of medium size neuron rather
than small size. Thus these neurons present certain atypical features analogous to those described recently in the
cervical DRG neurons of rabbit [15]. How these minor
features can be related with some known characteristics of
certain silbsets of neurons in health and disease remains to
be resolved.
In one study [7] it was noticed that around 20-24 % of
TRG neurons were GABA positive while 64-66% were
glutamate positive and was speculativeryi concluded that
these amino acids act not only as neurotransmitter but
also act as neuromodulators of sensory information. In
other study [3] it was noticed that neurons showing
inununoreactivity with glutamate, substance P. neurokinin, CGRP, CCK and SOM had striall and medium
sized somata, while those with NPY, and Peptide-19 had
large sized somata, but nitric oxide synthase and paralbumin immunoreactive cells fell within all somata sizes.
Thus, because of only partial correlation between somatic
size and neurochemical characteristics,, in the present
study it will not be appropriate to comment on the
neutochemical nature of these atypical neurons. Differential susceptibility of TRG neurons to herpes virus [16] and
their subsequent atrophy or apoptosis [17 and demyelination of nerve fibres may be the morphological basis for
the development of trigeminal neuralgia [18].
Santiago Ramon y Cajal described a new organelle in the
nuclei of vertebrate neurons. When viewed with the electron microscope, these subnuclear 'organelles' appear to
consist of a tangle of coiled threads and were hence also
referred to as coiled bodies. Small Cajal body-specific
RNAs (scaRNAs) are a class of small nucleolar RNAs
(snoRNAs) which specifically localise to the Cajal body,
a nuclear organelle involved in the biogenesis of small
nuclear ribonucleoproteins (snRNPs) [19, 20]. In the present study these bodies are commonly noticed in large
neurons of all species. Their number appears to be directly related to the size of neuronal somata e.g., their
number is commonly 2-3 in rat and rabbit and may be 5-6
in case of goat (Fig. 4). Recent studies indicate that the
Cajal body has numerous roles in the assembly and/or
27
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modification of the nuclear-transcription and RNAprocessing machinery [21].
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Abstract
Lead is virtually toxic to every organ of body including central nervous system where it may
manifest as encephalopathy and hyposmia yet the exact mechanism of these clinical manifestations remains inconclusive. The present study was aimed to see the microscopic changes in
the olfactory bulb of rat induced by oral administration of a lead compound in adult albino
rats. A total number of 12 adult albino rats of either sex were included in the present study
consisting of equal numbers in both control and experimental groups. Experimental group
received 4% aquous lead acetate orally for a period of 3 weeks then animals of both groups
were euthanized with overdose of general anaesthesia and perfused with 10% formalin. Olfactory bulbs were dissected out and processed for paraffin embedding. 10 µ -thick sections
were stained with H&E and observed under light microscope. On gross examination brains
from the experimental group revealed generalized edema and petechial haemorrhages. Histopathology of the olfactory bulbs revealed edema and congestion with vacuoles of variable
sizes almost throughout. Distortion of glomeruli, clumping of periglomerular cells and increasing number of pyknotic cells were also noticed. It was concluded that lead has toxic effects on the central nervous system including olfactory bulb in the form of edema, microscopic hemorrhages and neuronal loss which may explain the clinical manifestations of lead
toxicity.
Key words: Albino rats, Olfactory bulb, Lead acetate, Neurotoxicity, Edema, Haemorrhage
Accepted December 15 2009
Introduction
Exposure of lead can take place either through inhalation
of dust, fumes, vapours, or ingestion of contaminated
foods or drinks. Because of its cumulative property it is
capable of exerting toxic effects at any level of exposure.
Toxic effect of lead on the body is known as Plumbism
which on the central nervous system manifests as encephalopathy that is accompanied by areas of focal cortical necrosis. Its clinical manifestation includes headache,
incoordination, tremor, twitching, convulsion, paralysis,
coma and death [1]. In the brain, cerebellum was found to
be most severely affected [2]. Significant decrease in
spine density [3] and reduction in the maximum width of
the hippocampus [4] have also been reported. Bilaterally
symmetrical spongiform changes in the roof nuclei of
cerebellum [5] was also reported in dogs exposed to
orally fed lead while bilaterally symmetrical areas of
vacuole formation were observed at the tips of cortical
gyri [6]. Other heavy metals like Cadmium dust induced
anosmia [7] and in another study it was reported that inhalation of cadmium affected olfactory bulb and contribCurrent Neurobiology Volume 1 Issue 1

uted to olfactory dysfunction [8]. Zinc gluconate trihydrate induced cellular and tissue damages to olfactory
neuroepithelium and to mitral cells in rat olfactory bulb
[9]. Exposure to high levels of mercury (a. heavy metal)
has also been thought to cause olfactory loss [10]. — e
present study was aimed to see the effect of lead on tile
histology of the olfactory bulb which may explain the
olfactory dysfunction in the individuals exposed to lead.
Material and Method
A total number of 12 adult albino rats (6 male & 6 female) weighing 120g (±10g) were used in the present
study. 6 rats with equal number of either sex were treated
with 4% lead acetate, while the other 6 (3 male and 3 female) served as control did not receive any active compound. The concentration of lead acetate was ascertained
after a careful trial in order to find maximum survival of
15 to 20 days. After this period, rats were anaesthetized
with ether and perfused with buffered 10% formalin. Both
olfactory bulbs were dissected out from superior aspect
and separated from the brain. Olfactory bulbs were cut
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Dilkash/ Husain/Khan
transversely into two parts and processed for paraffin embedding. From each blocks 10 1.i thick sections were cut
with rotary microtome. Haematoxylin and eosin stained
sections were used for light microscopic observations.
Observations
On histological examination of olfactory bulb of treated
group, it was observed that as compared to control (Fig.

1A, B) there was generalized edema and congestion in
almost all layers of olfactory bulb. Capillaries appeared
dilated and congested. Distortion of glomerular contour
was obvious. Periglomerular cells were hyperchromatic
and showed clumping. Multiple vacuoles of variable sizes
were noticed in the outer plexiform layer (Fig. IC and
ID). Granule cell layer showed loss of cells. Dark and
pyknotic nucicei were also present. No such types of abnormalities were found in control group of rats.

Figure 1. Photomicrographs from olfactory bulb of control rat (A and B) showing typical laminar pattern without edema, congestion or vacuolation while those from experimental group (C and D) show edema, vacuolation, congestion, loss of glomerular contour and clumping of periglmerular cells.
H &E stain, X100 (A &C). X400 (B&D).
Discussion
The layers of the olfactory bulb which show damage
mainly include the lamina glomerulosa, outer plexiform
layer and the granule cell layer. Gross damage in the region of olfactory bulb was also seen in present study in
the form of petechial haemorrhage which might have
been due to capillary dilatation. These findings are in partial agreement with those reported by certain workers [11]
who exposed adult guinea pig to Lead carbonate and reported vascular changes in addition to encephalopathic
effects of lead mediated directly at the neuronal level.
Some other workers [12] have demonstrated hypertrophy
of vascular pericytes. Lead pellets implantation in the rat
forebrain produced vascular changes in addition to parenchymal necrosis and spongiosis in the hypothalamas [13].
Histological study of many parts of brain e.g. cerebral
cortex , corpus striatum, choroid plexus and cerebellum
56

after lead exposure revealed cerebellum to be most severely damaged [2]. In addition in this study [2] hemorrhages noticed along with damage to molecular and Purlcinje cell layers and edema in the granule cell layer which
correlated very well with the findings of the present
study.
Histopathological findings of oifactory bulb on neuron
and neuropil in the present study are to a great extent in
agreement with those reporting degeneration of cells in
the cerebral cortex [4] and reduced number of Purkinje
and granule cells [14] of cerebellum and of hippocampal
neurons on lead exposure [15] as well as vacuolations
after incubation of guinea pig hippocampus in a lead containing medium [16] which was more pronounced in outer
plexiform layer of olfactory bulb. The vascular changes
observed in the present study are in agreement with those
reported after exposure of lead in dogs [5] which indicates
Current Neurobiology Volume I Issue I
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that irrespective of animal species, olfactory bulb is vulnerable to lead acetate toxicity.

Conclusion
From the above study it was concluded that olfactory bulb
is vulnerable to toxicity of lead similar to the other parts
of brain and that histopathological changes mainly included edema, vacuolation and congestion, glomerular
distortion and pyknotic periglomerular cells.
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