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Abstract

Background: Ligation of cystic artery is important surgical step involving gallbladder and hepatobiliary 
surgery. Right hepatic artery may come very close to gallbladder & cystic duct and CHD in the form of 
“Caterpillar hump or Moynihan hump’’. Such hump has variations in position and depending on hump 
type, cystic artery anatomy is defined. In this situation right hepatic artery is liable to be mistakenly 
identified as cystic artery and it will be ligated prior to Cholecystectomy leading to right functional lobe of 
liver goes for necrosis. By defining types, increasing surgeon’s awareness, surgical complications will be 
reduced 

Materials and methods: 600 videos of laparoscopic surgery of gall bladder and CBD exploration were 
retrospectively reviewed for presence of caterpillar hump in RHA in Rahate Surgical hospital and Seven-
star Hospital, Nagpur, Maharashtra, India from 2012 to 2021 April. Lot of literature was reviewed. Type 
of hump and its anatomical relations and difficulty level of laparoscopic surgery because of hump was 
assessed.

Result: Caterpillar hump was present in 21 cases (3.5%) in present study. We found lot of anatomical 
variations of hump, and judged the level of difficulty of laparoscopic cholecystectomy depending on 
type of caterpillar hump. We propose a simple classification of type of caterpillar hump depending on 
observations

Conclusion: knowing the vascular anatomy and likelihood of complications should be known to all 
surgeons. So that the surgeons are able to identify this arterial variation during their cholecystectomy 
surgeries. If this caterpillar hump of right hepatic artery is present, the surgeons should locate the origin 
of cystic artery to avoid any unnecessary confusion between cystic artery and right hepatic artery for 
preventing unnecessary damage to the right hepatic artery. In an attempt to classify caterpillar hump, 
we can define, predict position of cystic artery type and variation, thereby helping in preventing vascular 
complications during laparoscopic cholecystectomy and CBD exploration.

Keywords: Caterpillar hump; Moynihan hump; Right hepatic artery injury; Cystic artery; Cholecystectomy; 
Laparoscopic cholecystectomy; Vascular injury during lap; Cholecystectomy; Difficult callots anatomy.
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Introduction

Good optics and infrared imaging and safe energy sources add-
ed recently in armamentarium of surgeons has increased safety 
of laparoscopic cholecystectomy and CBD exploration. In spite of 
advancement and improvement in techniques, certain anatomi-
cal variations spring surprises, and may lead to surgical complica-
tions -biliary and vascular. Laparoscopic cholecystectomy makes it 
mandatory to have a thorough knowledge of normal anatomy and 
variations in this region to reduce the likelihood of uncontrolled 
intraoperative bleeding, iatrogenic extrahepatic biliary injury and 
conversion to open cholecystectomy [1]. Incidence of conversion 
to open surgery because of vascular injury is 0-1.9% and mortality 
is 0.02% [2]. The right hepatic artery after its origin from hepatic 
artery proper crosses anterior to the portal vein and then passes 
behind the common hepatic duct to enter the Calot’s triangle 
(bounded by cystic duct, common hepatic duct and lower edge 
of the liver). As it approaches the cystic duct, it gives off the cystic 
artery and then turns upwards, behind (and between) the right 
hepatic and the cystic duct to the right lobe of the liver (Figure 
1, and Figure 2). The cystic artery normally arising from the right 
hepatic within the triangle, passes in the triangle toward the neck 
of gall bladder where it typically divides into two branches one 
of which runs on the attached surface of the gall bladder and the 
other on its peritoneal surface [3]. Tortuous right hepatic artery, 
running with upward and downward course producing hump is 
rarely described anomaly [4]. This tortuosity of the right hepatic 
artery is called caterpillar hump or Moynihan’s hump [5]. Both 
inside and outside the Calot’s triangle, the right hepatic often 
makes a characteristic caterpillar like loop, convexity of which 
points downward, upward, to the right or to the left. In cholecys-
tectomy, such tortuosity of the right hepatic is extremely vulner-
able, for the cystic artery may arise from the distal or the proximal 
end of the loop, in the latter instance crossing it.

The U shaped right hepatic artery has various positions with 
reference to the cystic duct.

(A)	 More nearer the hump to CD shorter will be CA. 

(B)	 The hump can be anterior or posterior to CHD.

(C)	 Hump can be single loop or double loop

(D)	 Cystic artery can be single or double (anterior and pos-
terior)

(E)	  A bend in the course of the right hepatic artery throw-
ing it into the caterpillar hump invites injury unless it is carefully 
dissected free [12]. This variant of right hepatic artery invariably 
leads to abnormalities of cystic artery formation which can result 
in its injury during surgical procedures.

Types of caterpillar hump -Since cystic duct is taken as refer-
ence, depending on the anatomical relationship of caterpillar 
hump to cystic duct classification of hump is done.

Figure 1: Course and branches of celiac trunk (schematic).

Figure 2: Anatomical relations of CHA.

 1) Supracystic: The hump is either anterior or posterior to 
CHD, superior to the cystic duct, nearer to hilum of liver. Here the 
cystic artery is long, originating from inferior part of loop hump. 
Due to long cystic artery, and hump remaining away from surgical 
dissection, mishaps are less during surgery 

2) Paracystic: The hump is around the confluence of cystic ar-
tery and CHD. Here the hump usually gives off two branches, an-
terior cystic artery and post cystic artery. Since the hump is very 
close to cystic duct, the cystic arteries are very short. The hump 
(RHA) is mistaken for CA and high chances of vascular catastrophe 
during surgery.

3) Infracystic: The hump is below the confluence towards duo-
denum, here again the CA is long, single, originating from ascend-
ing part of hump. Surgical mishaps are less for obvious reason. 

Depending on other anatomical details caterpillar hump can 
be classified further as follows:

 A) Anterior/posterior (loop position in relation to CHD / CBD)

 B) Single hump/double hump (depending on number of 
hump) [8]

 C) Single cystic artery / double cystic artery (Figure 3).
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Figure 3: Schematic diagrams of types of caterpillar hump (Moyni-
han’s).

Surgical significance 

Variant of right hepatic artery invariably leads to abnormali-
ties of cystic artery formation which can result in its injury during 
surgical procedures. Since the cystic artery arising from the loop 
is typically short, it may get easily avulsed from the hepatic artery, 
if excessive traction is applied to the gall bladder producing brisk 
bleeding [24].

Sometimes tortuous right hepatic artery does not give a single 
cystic artery but supplies the gall bladder with several small twigs. 
The right hepatic artery is injured while securing them. Injury to 
right hepatic artery can be fatal in presence of impaired liver func-
tion and associated biliary injury [24-26].

It is usually the right hepatic artery that is in danger during this 
surgery and must be located before ligating the cystic artery [5]. 
Because numerous variations in origin and branching pattern of 
right hepatic artery have been reported [27].

The Hump lies in close proximity to the gall bladder and cystic 
duct and so it may be mistaken to be cystic artery and inadver-
tently ligated during surgical procedures like cholecystectomy and 
liver transplantation [5,7,11,13]. So caterpillar hump should be 
suspected when an unusually large ‘cystic artery’ is seen through 
the laparoscope [5,12]. It must be emphasized that an artery re-
sembling the cystic artery in its course and paralleling the cystic 
duct is not necessarily the cystic artery but may be right hepatic 
artery and the calibre of vessels to be divided is not a reliable in-
dex of whether it is cystic artery or right hepatic artery. Therefore, 
it is essential to visualize right hepatic artery above and below the 
origin of cystic branch [28,29].

Accurate knowledge of cystic artery and right hepatic artery 
anatomy and its variations can reduce the likelihood of uncon-
trolled intraoperative bleeding, an important cause of iatrogenic 
extra hepatic biliary injury and conversion to open cholecystec-
tomy [29-31]. The incidence of conversion to open surgery due 
to vascular injury is reported to be 0-1.9% and its mortality 0.02% 
[29], hence these variations should stay in surgical conscience 
to prevent procedure related morbidity. We aim to present the 
variations in cystic artery seen in laparoscopic cholecystectomy in 
our patient population.

Material and methods

600 videos of laparoscopic surgery of gall bladder and CBD 
exploration were retrospectively reviewed for presence of cat-
erpillar hump in RHA in Rahate Surgical Hospital and Seven Star 
Hospital, Nagpur, India from 2012 to 2021 April Lot of literature 
reviewed. Type of hump and its anatomical relations and difficul-
ty level of laparoscopic surgery because of hump was assessed 
21 cases were found to have caterpillar hump. Various types of 
humps as per relation with cystic duct defined as follows:

1)	 Supracystic hump (position of hump superior to cystic duct)

2)	 Paracystic (position of hump at same level of cystic duct)

3)	 Infracystic (position of hump below the cystic duct)

Depending on anterior or posterior position of hump in rela-
tion to CBD and CHD, hump was further classified as follows:

 1) 	 Supracystic:  a) anterior,  b) posterior 

 2) 	 Paracystic: a) anterior, b) posterior 

 3) 	 Infracystic: a) anterior, b) posterior 

Further cystic duct number and position defined. A specific re-
lationship between cystic artery number and type of hump was 
noted as follows 

1)	 Supracystic and Infracystic hump-only one cystic artery 
which divides in to two anterior and posterior cystic arter-
ies. Length of cystic arteries is long 

2)	 Paracystic hump-Anterior and posterior cystic arteries origi-
nate separately, that means there are two cystic arteries. 
Both cystic arteries are short in length. Hence, chances of 
injuring RHA is high in Paracystic caterpillar hump.

Results

Table 2: Incidence of Caterpillar Hump of RHA in various studies.

Sr no Study author name (cases) Year Caterpillar hump (%)

1 Johnston et .al [8] 1952 2.86%

2 Bergamaschi et al [9] 2000 12.90%

3 Ayyaz et al. [10] 2001 1%

4 Hamza et al. [7] 2008 4%

5 Al-Sayigh [11] 2010 4%

6 Prithi et al. [12] 2010 1.60%

7 Jansirani et al. [5] 2012 5%

8 Dawani et al. [1] 2013 5.90%

9 Rahate et al [21] 2021 3.50%
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Table 1: Incidence percentage of types of caterpillar hump seen in present study (this is a single centre study, we need more multicentric 
studies by surgeons and anatomist to know the incidence of caterpillar hump, its various types surgical corelation).

SR. NUMBER TYPE OF HUMP ANTERIOR /POSTERIOR NUMBER OF CASES NUMBER OF CYSTIC ARTERIES %

1 SUPRACYSTIC POSTERIOR 11 One 52.38

2 SUPRACYSTIC ANTERIOR 2 One 9.524

3 PARACYSTIC POSTERIOR 5 Two 23.809

4 PARACYSTIC ANTERIOR 2 Two 9.524

5 INFRACYSTIC POSTERIOR 1 One 4.762

6 INFRACYSTIC ANTERIOR NIL 0 0

Discussion 

Laparoscopic cholecystectomy was initially associated with a 
significant increase in morbidity due to increased incidence of bili-
ary injuries and haemorrhages. This was perhaps due to a lack of 
knowledge of the ‘laparoscopic anatomy’, two dimensional ‘lapa-
roscopic view’ and the dissection with long instruments without 
tactile feedback [29,32]. Misinterpretation of normal anatomy and 
anatomical variations contributed to major postoperative compli-
cations [33]. Conventional textbook description of the regional 
blood supply did not seem adequate in laparoscopic view [34].

With the availability of good optics supported by infrared im-
aging and improvement in energy sources for dissection, callots 
anatomy became increasingly clear and safe. smallest of anatomi-
cal details and deviations were recorded. 

Similarly, various classifications of cystic artery were proposed 
in the literature. Ignjatovic et al [35] described 3 types of cystic ar-
tery; Type 1 was described as single artery in Calot’s triangle; Type 
2 more than one artery in Calot’s triangle and Type 3 no artery in 
Calot’s triangle. Balija et al [36] described two groups; in group 1, 
cystic artery, either single or double, was present in the triangle 
and in group 2 no artery was seen in the triangle on laparoscopic 
visualization. He did not comment on cases where vessels were 
seen both inside and outside the Calot’s triangle. Ding et al [29] 
in their classification describe 3 groups; Group I have artery/ar-
teries in the triangle, Group II has the artery outside the triangle 
and Group III has compound arteries, both inside and outside the 
triangle. They also described these arterial variations according 
to their origin.

The commonest variation was that of double arteries in Calot’s 
triangle in 11.8% patients 1. This pattern has been seen in 15 to 
25% of many published series [36,37], but Suzuki has described 
this pattern in only 2.45% of his patients [34]. At this point we can 
say that multiple cystic arteries in callots are due to Paracystic cat-
erpillar hump which previous workers failed to notice that time.

 Balija describes a cystic artery originating from aberrant right 
hepatic artery entering the Calot’s triangle from behind the portal 
vein and paralleling the cystic duct, occasionally forming a promi-
nence in this area (caterpillar hump). This artery yields multiple 
small branches, rather than a single branch, but within the tri-
angle [35].

 

Figure 4: Supracystic caterpillar hump.

 
Figure 5: Anterior supracystic hump.

Figure 6: Infracystic hump- because of cephalad traction to infun-
dibulum, hump appears Paracystic, if traction is released, hump de-
scends to Infracystic position.
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Figure 7: Supracystic anterior caterpillar hump with long cystic artery.

Figure 9: Anterior supracystic caterpillar hump going medially and 
posteriorly hugging CHD giving a short anterior CA and long posterior 
CA (double cystic artery).

With increase clarity in discection because of improved optics, 
improved technicques and improved energy sources along with 
development of infrared imaging, lot of clarity is there about bili-
ary tree and biliary vascular anatomy.

Though we have classified the caterpiller hump variations some 
times we come across exaggerated form of the type of hump.

We also discuss here the extended type of caterpiller hump 
here.

In one of the case the RHA was forming hump which was ex-
tended over body of gall bladder. RHA was having two Cystic ar-
teries as branches; viz. Anterior and posterior cystic arteries.  

Figure 8: Para cystic caterpillar hump (A) CH with ICG shadow of CHD 
IN loop, (B) ICG view of callots triangle, (C) contrast view showing 
CHA caterpillar hump (D) short CA.
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Conclusion

With increasing incidence of gall bladder and ductal disease, 
knowing the vascular anatomy and likelihood of complications 
should be known to all surgeons. Ductal anatomy had been exten-
sively studied and documented. Vascular anatomy has been little 
neglected, this is an attempt to make surgeons aware of callots 
triangle vascular anatomy. So that the surgeons are able to iden-
tify this arterial variation during their cholecystectomy surger-
ies. Potentially precarious RHA in caterpillar hump variation has 
been classified and extensively studied for variations of positions 
and cystic artery anomalies. The classification has been named 
as NAGPUR CLASSIFICATION after the city of origin of the author. 
If this caterpillar hump of right hepatic artery is present, the sur-
geons should locate the origin of cystic artery to avoid any unnec-
essary confusion between cystic artery and right hepatic artery 
for preventing unnecessary damage to the right hepatic artery. 
In an attempt to classify caterpillar hump, we can define, predict 
position of cystic artery type and variation, thereby helping in pre-
venting vascular complications during laparoscopic cholecystec-
tomy and CBD exploration.

This is single centre observation involving a single surgical 
team. This topic needs multi centre analysis with surgeons and 
anatomist.
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