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 Introduction
Surgical resection with negative resection margins 
(RMs) (R0) remains the only potentially curative 
treatment for pancreatic ductal adenocarcinoma 
(PDAC). Because of its late presentation, aggressive 
tumor biology, and lack of early specifi c biological 
markers, only 10–15% of cases are resectable [1].

RM involvement (R1) is generally believed to be, 
among others (tumor size, degree of diff erentiation, 
nodal aff ection), a critical prognostic indicator to 
survival in those patients [2–6] and was reported to be 
an independent predictor of poor long-term survival 
in several studies [7–23]. However, even patients 
with tumor-free margins (R0 resection) frequently 
experience local recurrence and distant metastases. 

Consequently, more radical approaches have been 
evaluated, as described by Fortner [24]. Even though 
there was an initial indication of some survival benefi t, 
follow-up studies have failed to confi rm these promising 
results [25]. Th is raised the question as to whether such 
a discrepancy is caused, other than through incomplete 
lymphadenectomy and perineural invasion, by a 
misclassifi cation of R1 resections as R0 resections [26]. 
Quoted R1 resection rates can vary signifi cantly between 
individual specialist  centers (14–85%) [5,6,20,27,28], 
and it is not known to what extent these diff erences 
refl ect diff erent pathological practices.

Because RM involvement is generally believed to be 
determined by the quality of surgery, a low R1 rate is 
often considered an indicator of high-quality surgery. 
Recent studies, however, have brought the pathologist as 

Infl uence of standardized histopathological workup 
on reporting of the resection margin status in pancreatic 
head cancer
Ahmed M. El-Gendia, Saba El-Gendib

Background
Resection margin (RM) status in pancreatic head adenocarcinoma is assessed histologically, 
but pathological examination is not standardized. Our aim was to determine the infl uence of 
the ‘standardized histopathological workup’ of pancreaticoduodenectomy specimens on the 
reporting of the RM status using a ‘surgical quality protocol’.
Patients and methods
Starting October 2009, 42 patients underwent pancreaticoduodenectomy using the ‘surgical 
quality protocol’ for pancreatic ductal adenocarcinoma and were examined using ‘standardized 
histopathological workup’. We prospectively evaluated and validated its results for 50 months. 
We evaluated different sites of R1 at 0 and 1 mm resections according to the  color code and 
determined the most frequent site of incomplete  tumor resection.
Results
Patients included 14 women and 28 men. Their age ranged from 46 to 74 years, with a median 
of 60 years. Changing to ‘standardized histopathological workup’ from traditional pathological 
examination procedures resulted in an increase in the R1 rate from 14.3 to 64.3% in this 
prospective series. Fifteen percent of R1 resections showed multifocal margin involvement 
(i.e. more than one margin involved in a single specimen) for the 0 mm in contrast to 33% 
for the 1.0 mm margin. The uncinate margin represents the most frequent site with residual 
tumor mass by far (42% at 0 mm and 43% at 1 mm), followed by the posterior margin. When 
R1 resection was defi ned by a positive margin of 0 mm, 48% of the present patients achieved 
R1 resection. In contrast to when R1 resection was defi ned by the presence of tumor cells 
within 1.0 mm, 64% of the present patients achieved R1 resection.
Conclusion
 Standardization of the histopathological examination of pancreaticoduodenectomy specimens 
infl uences the reporting of RM status. The RM involvement is signifi cantly more frequent than 
commonly reported. Complete and meticulous surgical resection of the uncinate process en 
bloc with all the peripancreatic tissues between the artery and the pancreatic parenchyma 
must become the standard surgical approach in pancreatic head resection as it is the most 
frequent site for residual tumor by far.
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a second player into the fi eld, on the basis of the growing 
awareness that standardization and meticulousness of the 
pathological examination have a signifi cant impact on the 
accuracy of the reported RM status [20,27,28]. Th e R1 
rate is therefore a performance measure not only for the 
surgeon but possibly also for the reporting pathologist.

Th e aim of this study was to determine the infl uence 
of the ‘standardized histopathological workup’ of 
pancreaticoduodenectomy (PD) specimens on the 
reporting of the RM status using a ‘surgical quality 
protocol’ to test prospectively the hypothesis that 
current histopathological reports underestimate the 
proportion of R1 pancreatic head resections.

Toward this goal, we fi rst implemented color coding of 
the RMs and the organ surfaces. Second, we carefully re-
evaluated the diff erent sites of R1 resections according 
to the color code and found the most frequent site of 
incomplete tumor resection.

Patients and methods
To  fulfi ll our aim and test our hypothesis, we fi rst 
investigated our rates of curative resections by 
retrospectively identifying all patients who had 
undergone pancreatic head resection, either through 
pylorus-preserving pancreaticoduodenectomy ( PPPD) 
or the Kausch–Whipple procedure because of malignant 
diseases (PDAC), in the Department of Surgery, 
Alexandria University, between 2004 and 2009. During 
this period, all the specimens were examined by the same 
experienced team of pathologists using conventional 
histopathological workup, where longitudinal opening 
of the main pancreatic duct and common bile duct was 
the preferred dissection method (mainly bivalve slicing). 
Th e following margins were examined: common bile 
duct margin, the proximal duodenal (gastric) margin, 
jejunal RM, pancreatic neck transaction margin, and 
the anterior and posterior surface. When present, 
vascular, lymphatic, and perineural invasion were 
reported. Histological classifi cation [tumor type, grade 
of malignancy, pathological tumor–node–metastasis 
(TNM)] was carried out according to the current World 
Health  Organization and Union for International 
Cancer Control ( UICC) criteria [29]. According to the 
UICC criteria, the operation was considered potentially 
curative (R0) if the RMs and organ surfaces were free of 
tumor cells, whereas histopathologically verifi ed tumor 
cell infi ltration was defi ned as R1 resection. In cases of 
macroscopically visible tumor tissue, the resection was 
classifi ed as R2.

Starting October 2009, we introduced the ‘standardized 
histopathological workup’ [27,30,31] to examine all PD 

specimens. We prospectively evaluated and validated 
its results for 50 months till December 2013. During 
this period, 54 consecutive patients with pancreatic 
head  tumors underwent PD and provided an informed 
consent to their inclusion in the study before surgery. 
Forty-two out of the 54 patients with true macroscopic 
margin-free  PDAC who underwent PD entered the 
present study, whereas 12 patients were excluded after 
surgery because of fi ndings of macroscopic residual 
tumor (R2 resection), non adherence to the ‘surgical 
quality protocol’, and nonductal adenocarcinoma.

Standardized ‘quality protocol’ for 
pancreaticoduodenectomy
All of our studied patients received pancreatic head 
resection with curative intent. All resection procedures 
were performed by the same experienced surgical 
team. After a bilateral subcostal incision, assessment 
of resectability was performed by an examination of 
the abdominal cavity to exclude any contraindications 
for resection mainly liver metastases or peritoneal 
carcinomatosis. Th e duodenum was kocherized with 
the dissection plane developed. With extension of 
the Kocher  maneuver, an adequate exposure of the 
aortocaval area was obtained. Th e superior mesenteric 
vein ( SMV) was then identifi ed as it passes anterior 
to the third part of the duodenum by ligating and 
dividing all the tributaries to the head of the pancreas. 
A plane is developed anterior to the SMV and portal 
vein by remaining in the periadventitial layer of the 
vein. All portal vein tributaries are ligated and divided 
individually until the portal vein is completely free 
from the pancreatic head.

Th e dissection of the retroperitoneal margin was 
performed by extending the excision of the perivascular 
neural plexus around the superior mesenteric artery 
( SMA). Th is was done by approaching the SMA after 
retracting the SMV with an eyelid ophthalmic retractor. 
A part of the inferior medial boundary of the uncinate 
process was defi ned by identifying the SMV and the 
partially exposed SMA and this plane was developed. 
Th is plane was extended posteriorly by dissecting the 
right meridian neural plexuses of the SMA. From 
there, the SMA was identifi ed and the perivascular 
plexus on the lateral side was dissected laterally right 
up to the vessel, and all the tissues between the artery 
and the pancreatic parenchyma were resected (Fig. 
1). Th e SMA was not dissected from the medial side 
and the perivascular neural plexus on the medial side 
was preserved to avoid postoperative  diarrhea. Th e 
dissection was then extended superiorly along the 
SMA toward its origin. It was then possible to place 
the left hand just anterior to the inferior vena cava 
 (IVC) and aorta and retract the uncinate process to the 
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right of the patient, allowing the peripancreatic tissue 
around the uncinate process to be resected en bloc. Th e 
dissection of SMA continues along the plane of the 
adventitia up to the junction of the third and fourth 
parts of the duodenum. Standard lymphadenectomy 
plus resection of lymph nodes to the right of the  celiac 
trunk, hepatic artery, and hepatoduodenal ligament 
were carried out in all patients [25]. After resection of 
the specimen, the posterior and retroperitoneal margin 
was grossly inspected for its integrity.

Standardized protocol for pathological examination
All surfaces and RMs of the pancreatic head resection 
specimen were stained according to a well-established 
fi ve-color code (Fig. 2): the anterior (ventral) surface 
was painted yellow, the posterior (dorsal) surface 
green, the groove of the SMV blue, the pancreatic 
transection margin red, and the uncinate margin silver. 
Considerable emphasis was placed on clarifying the 
status of the RMs. Besides examining the status of 
RMs in the conventional technique, special attention 
was directed toward examining the circumferential 
resection margins ( CRM) of the specimen including 
the anterior, posterior, and medial surfaces (SMV 
groove), with dedicated study of the status of the 
retroperitoneal uncinate margin. Isolated tumor 
involvement of the anterior surface of the pancreatic 
specimen was not considered an R1 resection in 
our patient cohort. No cases were classifi ed as R1 
exclusively on the basis of perineural invasion at a 
RM. Similarly, nodal involvement at a RM did not 
constitute an R1 classifi cation in the absence of direct 
tumor involvement.

Th e uncinate process margin that extends along 
the proximal 3–4 cm of the SMA was identifi ed 
immediately following resection (Fig. 3) as it was very 
diffi  cult for the pathologist to identify, especially after 
formalin fi xation, if it has not already been inked by the 
surgeon while the other parts were being  colored after 
formalin fi xation for 24–36 h. All staining procedures 
were performed by the operating surgeon or by a 
surgeon present during the procedure. Th e specimen 
was serially sliced (0.5–1-cm slices) in a single axial 
plane, that is, perpendicular to the longitudinal axis of 
the duodenum [20,27,28], according to the guidelines 
of the Royal College of Pathologists and the Leeds 
Pathology Protocol [27,30–32]. Th erefore, large slices 
were obtained (median number 12), allowing the 
precise study of each colored margin at 0 and 1 mm. 
R1 resection rates were calculated twice: one with ‘R1 
resection’ defi ned by a positive margin of 0 mm [33–35] 
and the other with ‘R1 resection’ defi ned by the 
presence of tumor cells within 1.0 mm [30,36]. Margin 
involvement (R1) was defi ned for the 0-mm margin if 

tumor cells were present at the inked margin; R1 was 
also defi ned for 1 mm margin width if tumor cells were 
present within the margin, independent of the mode of 
tumor spread. Th e pathological protocol also included 
the maximal transverse diameter of the tumor, the 
 TNM classifi cation, the grade of diff erentiation, the 
presence or absence of perineural, lymphatic, and/
or vascular spread, and the number of lymph nodes 
retrieved from the specimen, enabling the calculation 
of the lymph node ratio. Several samples were taken 
from the tumor in relation to the anterior and posterior 
surface.

Operative pictures after resection of the pancreatic head showing the 
portal vein (PV) and superior mesenteric artery (SMA) after excision 
of the perivascular neural plexus on its lateral surface.

Figure 1

All surfaces and resection margins of the pancreatic head resection 
specimen were stained according a well-established fi ve-color code: 
the anterior (ventral) surface was painted yellow, the posterior (dorsal) 
surface green, the groove of the superior mesenteric vein (SMV) blue, 
the pancreatic transection margin red, and the uncinate margin silver.

Figure 2

Pancreaticoduodenectomy fresh specimen showing the uncinate 
margin (silver), superior mesenteric vein superior mesenteric vein 
groove, and pancreatic neck transaction margin.

Figure 3
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Results
To compare the rates of curative and noncurative 
resections in our department with the published data, 
we retrospectively identifi ed 78 patients with malignant 
pancreatic head tumors (PDAC), excluding cases of 
distal bile duct cancer and ampullary carcinoma, who 
had undergone either PPPD or a Kausch – Whipple 
procedure over 5 years’ duration. In 61 of these 78 (78%) 
patients, the operation could be considered potentially 
curative (R0), whereas the RMs in 17 cancer specimens 
was infi ltrated (R1 = 22%). Th e most common site 
of infi ltration was at the pancreatic neck transaction 
margin, followed by the posterior margin. Th e uncinate 
process margin was not assessed as a separate margin 
(Table 1).

Starting October 2009, we introduced the ‘standardized 
histopathological workup’ and applied it prospectively 
until December 2013. During this 50-month period, 
42 consecutively resected pancreatic head specimens 
(PDAC) were processed according to this protocol. 
Th e patient population included 14 women and 
28  men. Th eir age ranged from 46 to 74 years, with 
a median of 60 years. Eighteen patients underwent a 
Kausch–Whipple procedure, whereas the remaining 
24 patients were treated by PPPD. None of our cases 
required partial or complete resection of the SMV. 
Clinicopathological data for the entire cohort showed 
that 81% were classifi ed as T3 tumors (T1: 7%, T2: 

12%). Sixty percent of the tumors were moderately 
diff erentiated (grade 1: 25%, grade 2: 58%, grade 
3: 17%). None of our patients died within 30 days after 
surgery.

All 42 pancreatic head resections were invasive 
ductal adenocarcinoma on the fi nal histopathological 
assessment after excluding those of distal bile duct 
cancer and ampullary adenocarcinoma. Applying 
our old conventional protocol for histopathological 
assessment, 36 cancers were curatively resected 
(R0 = 86%), whereas six (14%) cases turned out to 
be R1 resections. Th ese six cases were classifi ed as 
R1 on the basis of infi ltration of the pancreatic neck 
margin. Applying the standardized histopathological 
workup and R1 resection at 0 mm, an additional set 
of 12 specimens had to be considered as R1 resections, 
resulting in a total percentage of 48% of noncurative 
operations (R1), reducing the rate of R0 resection to 
52%. Th is is in contrast to when applying the 1 mm 
margin rule for R1 resection, a set of 21 specimens 
had to be considered R1 resections, resulting in a total 
percentage of 64% of noncurative operations (R1), 
reducing the rate of R0 resection to 36% (Table 1).

Tables 2 and 3 show the breakdown of RM 
involvement at 0 and 1.0 mm according to the number 
of involved margins per specimen and the distribution 
of margin involvement. Our results showed that 
15% of R1 resections indicated multifocal margin 

 Table 1 Histopathological and resection classifi cation data

Prospective Retrospective

Conventional Standard 0 mm Standard 1 mm

Resection [n/n (%)]

R0 36/42 (86) 22/42 (52) 15/42 (36) 61/78 (78)

R1/2 6/42 (14) 20/42 (48) 27/42 (64) 17/78 (22)

Site of R1

Uncinate ND 10 18 ND

Posterior 0 6 12 6

Anterior ND 0 3 2

Pancreatic transection 6 6 6 7

Groove SMV 0 1 3 ND

Distal duodenum 0 0 0 1

Proximal duodenal/gastric 0 0 0 2

Common bile duct 0 0 0 1

Number of affected sites

1 6 17 18 17

2 0 2 3 0

3 0 1 6 0

Total 6 20 27 17

T1 [n (%)] 3 (7) 1 (1)

T2 [n (%)] 5 (12) 18 (23)

T3 [n (%)] 34 (81) 59 (76)

T4 [n (%)] 0 (0) 0 (0)

N0 [n (%)] 6 (14) 14 (18)

N1 [n (%)] 36 (86) 64 (82)

SMV, superior mesenteric vein; ND, not done.
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involvement (i.e. more than one margin involved in a 
single specimen) for the 0 mm in contrast to 33% for 
the 1.0 mm margin. Th e posterior and medial margins 
were the most commonly involved margin locations at 
0 and 1 mm. Out of the total 20 cases of R1 resection at 
0 mm, 17/20 R1 resections showed tumor infi ltration 
at a single site (eight uncinate, six neck, three posterior 
surface), two patients had tumor infi ltration in two 
stained areas and in one patient tumor infi ltration was 
found in three stained areas.

Out of the total 27 cases of R1 resection at 1 mm, 18/27 
R1 resections showed tumor infi ltration at a single site 
(nine uncinate, six neck, three posterior surface), three 
patients had tumor infi ltration in two stained areas, and 
in six patients, tumor infi ltration was found in three 
stained areas. Interestingly, the uncinate margin was the 
most common site of infi ltration in 10 and 18 of these R1 
specimens at 0 and 1 mm, respectively. Uncinate margin 
infi ltration was either alone (n = 8 at 0 mm and n = 9 
at 1 mm) or in combination with the posterior surface 

 Table 2 Breakdown of resection margin involvement according to the number of involved margins per specimen 
and the distribution of margin involvement

Pancreas 
transaction 

margin

Anterior 
surface

Posterior 
surface

Groove of 
SMV

SMV Bile duct Duodenum Uncinate

0 mm 1 mm 0 mm 1 mm 0 mm 1 mm 0 mm 1 mm 0 mm 1 mm 0 mm 1 mm 0 mm 1 mm 0 mm 1 mm

Case 1 – – – – – – – – – – – – – – + +

Case 2 – – – – – – – – – – – – – – – –

Case 3 – – – – + + + + – – – – – – – +

Case 4 – – – – – – – – – – – – – – – –

Case 5 + + – – – – – – – – – – – – – –

Case 6 – – – – + + – – – – – – – – – +

Case 7 – – – – – – – – – – – – – – + +

Case 8 – – – – – – – – – – – – – – – –

Case 9 + + – – – – – – – – – – – – – –

Case 10 – – – + – + – – – – – – – – + +

Case 11 – – – – – – – – – – – – – – – –

Case 12 – – – – – – – – – – – – – – – –

Case 13 – – – – – + – – – – – – – – – –

Case 14 – – – – – – – – – – – – – – + +

Case 15 – – – – + + – + – – – – – – – +

Case 16 – – – – – – – – – – – – – – – –

Case 17 – – – – – – – – – – – – – – – +

Case 18 – – – – – – – – – – – – – – – –

Case 19 + + – – – – – – – – – – – – – –

Case 20 – – – – – + – – – – – – – – – +

Case 21 – – – – – – – – – – – – – – – –

Case 22 – – – – – – – – – – – – – – – –

Case 23 + + – – – – – – – – – – – – – –

Case 24 – – – – – – – – – – – – – – – –

Case 25 – – – – – – – – – – – – – – – –

Case 26 – – – – – – – – – – – – – – + +

Case 27 – – – – – + – – – – – – – – – –

Case 28 – – – – + + – – – – – – – – + +

Case 29 – – – – – – – – – – – – – – + +

Case 30 – – – – – – – – – – – – – – – +

Case 31 + + – – – – – – – – – – – – – –

Case 32 – – – – – – – – – – – – – – – –

Case 33 – – – – – – – – – – – – – – – –

Case 34 – – – + – + – – – – – – – – + +

Case 35 – – – – – – – – – – – – – – + +

Case 36 – – – – – – – – – – – – – – – –

Case 37 – – – – – – – – – – – – – – – +

Case 38 – – – + – + – – – – – – – – – +

Case 39 – – – – – – – – – – – – – – – –

Case 40 – – – – + + + + – – – – – – + +

Case 41 – – – – + + – – – – – – – – – –

Case 42 + + – – – – – – – – – – – – – –

SMV, superior mesenteric vein.
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and SMV groove (n=1 at 0 mm and n = 3 at 1 mm), in 
combination with the posterior surface (n = 1 at 0 mm 
and n=3 at 1 mm), or in combination with the posterior 
and anterior surface (n = 0 at 0 mm and n = 3). In all, the 
uncinate margin was determined to be the most frequent 
site with residual tumor mass by far (n = 10, 42% at 0 
mm) and (n = 18, 43% at 1 mm). Invasion of the uncinate 
margin was present in 42% of specimens at the 0-mm 
margin and 43% at the 1.0-mm margin.

In summary, if R1 resection is defi ned by a positive 
margin of 0 mm [33–35], 48% of the present patients 
achieved R1 resection. If R1 resection is defi ned by the 
presence of tumor cells within 1.0 mm [30,36], 64% of 
the present patients achieved R1 resection. Pancreatic 
neck transaction invasion resulted in an additional 
percentage of R1 resections for any defi nition of R1 
on the inked margins. Th us, the rate of R1 resections 
was 48% when R1 was defi ned according to the 0-mm 
rule and 64% when R1 was defi ned according to the 
1.00-mm rule (ratio: 2.2).

Discussion
RM status is an important prognostic factor in 
pancreatic cancer [2,37,38]. Although it is assessed 
histopathologically, there is currently no internationally 
 recognized standard protocol for pathological 
examination and reporting of pancreatic head specimens, 
nor a universally accepted defi nition of CRM positivity. 
Meaningful comparison of R1 rates between individual 
centers is further complicated by the lack of standardized 
terminology for margins, which may explain the wide 
variation in published R1 rates. Increasing evidence 
exists to suggest that the standard of histopathological 
processing and reporting has a signifi cant impact on 
R1 resection rates [20,27,28]. Th e hypothesis that R1 
resections are commonly under-reported is also supported 
by the observation that 60–80% of cases with resected 
pancreatic cancer develop local recurrence [39–41], a 
fi nding that seems to be inconsistent with quoted R1 
resection rates of less than 20%.

Th e Leeds [42] and Heidelberg [28] groups 
were the fi rst to show that the standardization of 
histopathological study resulted in a signifi cant increase 
in R1 resection rates, without requiring any change in 
surgical technique (respectively, from 53 to 85% [43] 
and 14 to 76% [28]). Th us, a high rate of R1 resection 
in PDAC is clearly a marker of high-quality pathology 
and depends, fi rst, on the number of peripancreatic 
soft tissue RMs examined, second, on the number of 
blocks  analyzed [30,31], and third, on the minimum 
clearance in  millimeters used to defi ne microscopic 
margin involvement (R1).

In a study published recently by Campbell et al. [44], 
tumor involvement within 1.0 mm of, but not directly 
reaching, one or more RMs represented 45% of the 
79% of RMs identifi ed as positive. In the most recent 
series, comparisons of R1 rates performed using 
the UICC criteria (R1: 0 mm defi nition), which 
are commonly used in North America [5,33,34], 
and those achieved using the UK Royal College of 
Pathologists criteria (R1: 1.0  mm defi nition) [30] 
show ratios ranging from 1.3 to 1.8 [28,44–46]. Th e 
ratio was 2.2 in the present study. Katz et al. [47] 
reported a ratio of 5.5 (4–22%) in a study in which 
only the superior mesenteric artery margin  (SMAm) 
was assessed and in which 76% of patients had 
received preoperative radiochemotherapy; this study 
also showed that preoperative CT overestimated 
the SMAm in 73% of patients. Hartwig et al. 
[17] reported a maximum ratio of 8.4 in a study 
comparing the 0 mm defi nition with the revised 
‘R1=1.0 mm’ defi nition (4.8–40.5%).

In our study, retrospective analyses of data from 
patients treated in our department between 2004 
and 2009 with respect to the classifi cation of the 
pancreatic head resections using the traditional 
dissection technique showed that the percentage 
of R1 resections was 21.7%, which is in agreement 
with the literature [8,11,48,49]. Shifting from 
traditional pathological examination procedures 
(mainly bivalving) to serial slicing of the specimen 
in a single axial plane, that is, perpendicular to the 
longitudinal axis of the duodenum as advocated in 
recent studies [27] resulted in an increase in the R1 
rate from 14.3 to 64.3% in the prospective series. Th is 
is in agreement with a publication of the Heidelberg 

 Table 3 R1 resection rate for each margin increment 
(0 and 1.0 mm) and the proportion of patients with at least 
one, two, or three positive margins

Margin 
width (mm)

n/n (%)

R1 
resection

One 
positive 
margin

Two positive 
margins

Three 
positive 
margins

0 20/42 (48) 17/20 (85) 2/20 (10) 1/20 (5)

1.0 27/42 (64) 18/27 (67) 3/27 (11) 6/27 (22)

 Table 4 Resection margin status and R1 rates in our study 
compared with some published literature

References Number of 
patients

RM status R1 rate at 
1 mm (%)

Nishimura et al. [50] 157 R1, R2 6

Sohn et al. [9] 616 R1 12

Neoptolemos et al. [7] 541 R1 11

Verbeke et al. [27] 26 R1 85

Westgaard et al. [14] 40 R1 45

Menon et al. [20] 27 R1 82

This study 43 R1 64

RM, resection margin.
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group [28] (Table 4). Th e data also provide further 
evidence to indicate that robust pathological practice 
is a more important determinant of R1 classifi cation 
in pancreatic cancer than operative expertise.

Longitudinal opening of the main pancreatic duct and 
common bile duct has traditionally been the preferred 
dissection method. Th is technique is of limited value 
for the assessment of the RMs, tumor origin, and tumor 
extension. Opening of the ducts disrupts the specimen 
surface along two tracks that run across the entire head 
of pancreas. Th is interferes with accurate evaluation 
of the CRM. As the common bile duct traverses the 
pancreatic head posteriorly, it is usually opened through 
the posterior surface, hence disrupting that part of the 
CRM that is frequently involved [27,51–54].

Th e axial slicing technique adopted in this study does 
not prescribe longitudinal opening of the pancreatic or 
bile duct; hence, the entire surface (or CRM) of the 
pancreatic head remains intact. Axial slicing is easy to 
perform, independent of the location and nature of 
the pathology encountered. A large number of slices 
are produced – usually between 10 and 13 – allowing 
extensive views of the lesion and its relation to the entire 
CRM and key anatomical structures [27]. Interestingly, 
axial slicing was the standardized dissection technique 
used in the recent studies that reported an unusually 
high R1 rate of over 75% [20,27,28]. Th e frequent 
identifi cation of margin involvement reported in these 
studies is at least partially explained by the fact that all 
parts of the CRM can be inspected in each specimen 
slice obtained with this technique. Th is seems to 
indicate that the dissection and sampling technique 
has a signifi cant impact on the assessment of the 
margin status in PD specimens.

Malignant pancreatic tumors often invade 
the retroperitoneal peripancreatic tissues. Th e 
retroperitoneal peripancreatic tissue surrounds the fi rst 
3–4 cm of the SMA origin behind the SMV [52,55,56]. 
Gockel et al. [57] have defi ned this anatomical structure 
as ‘mesopancreas’ similar to the mesorectum. Th erefore, 
PD with curative intent should include complete 
clearance of the peripancreatic retroperitoneal tissue, 
which represents the most tedious step of PD, with 
an increased risk of intraoperative bleeding. Th e 
importance of the retroperitoneal RM was confi rmed 
by Westgaard et al. [14].

When  analyzing the distribution of margin 
involvement in R1 resections for pancreatic cancer and 
despite the current lack of consensus in terminology 
to denote the diff erent CRMs, the fi nding that the 
uncinate margin represents the most frequently 
involved margin (42% at 0 mm and 43% at 1 mm), 

followed by the posterior margin is also consistent 
with the existing literature [20,27,28,58]. Th is was 
followed by the SMV groove CRM and anterior 
pancreatic surface. Th is pattern of CRM involvement 
is in line with Japanese studies [10,59]. Involvement of 
the pancreatic transection margin was observed in six 
cases of R1 specimens in the present study, a low rate 
that may be explained by the impact of intraoperative 
frozen-section examination of that margin.

Th e ‘uncinate margin’ is confusing as it is mainly used 
synonymously with the medial CRM, but occasionally 
refers to a true transection margin, produced by 
the surgeon when dividing the uncinate process as 
close to the SMA as possible [60,61]. With current 
standardized surgical procedures, however, the uncinate 
process remains intact and dissection of the SMA is 
performed in the soft tissue plane, which corresponds 
to the medial CRM of the specimen. Owing to 
morphological changes during formalin fi xation, it 
is of utmost importance to color the uncinate RM 
directly after surgical resection. If the uncinate margin 
is not assessed separately, a positive margin here can 
be misinterpreted as a positive margin in the posterior 
or SMV groove CRM. We strongly believe that the 
complete and meticulous surgical resection of the 
uncinate margin as the structure to the right of the 
mesenteric artery must become the standard surgical 
approach in pancreatic head resection.

Although microscopic margin involvement is staged 
as ‘R1’ irrespective of which parts of the CRM are 
involved, detailed CRM mapping is important. It 
provides feedback both to the surgical and to the 
radiological teams, to enable improved preoperative 
assessment of resectability, identifi cation of areas at 
risk of incomplete resection, and improved surgical 
technique. Further studies are needed to correlate the 
data from margin mapping and involvement to show 
the signifi cance of involvement of each individual 
CRM in terms of survival and recurrence pattern.

Conclusion
Standardization of the histopathological examination 
of PD specimens infl uences the reporting of RM 
status and represents a more accurate assessment of 
curative and noncurative resection rates. Our study 
seems to indicate that RM involvement is signifi cantly 
more frequent than reported commonly and the rates 
obviously depend on the defi nitions of microscopic 
invasion used. Th e uncinate margin is a frequent site 
for positive RMs, which has potential therapeutic 
implications. Owing to morphological changes during 
formalin fi xation, it is of utmost importance to color 
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uncinate RM directly after surgical resection. We 
strongly believe that the complete and meticulous 
surgical resection of the uncinate process en bloc with 
all the peripancreatic tissues between the artery and 
the pancreatic parenchyma must become the standard 
surgical approach in pancreatic head resection. 
Meanwhile, the standardization of histological 
examination is not only necessary to provide accurate 
prognostic information, but may represent a signifi cant 
step forward in the design of future randomized 
controlled trials and the  optimization of adjuvant 
treatment strategies.
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Introduction
Th e access procedures and complications related 
to dialysis are important causes of morbidity and 
 hospitalization among chronic haemodialysis patients. 
Th e number of complicated patients on dialysis is 
increasing, and creating a successful vascular access for 
these patients is a challenge [1].

An arteriovenous (AV) fi stula remains the preferred 
choice for initial access, but polytetrafl uoroethylene 
(PTFE) grafts have became an accepted alternative as 
they are easy to use and revise and withstand repeated 
cannulations for many years [2,3]. However, in the 
light of the ever-increasing number of patients with 
end-stage renal disease, the ageing dialysis population 
and their prolonged longevity, surgeons are increasingly 
encountered with diffi  cult access problems, such as 
exhausted upper-extremity access sites and central 
venous outfl ow obstruction resulting from previous 
catheterization [4].

Patients who are no longer candidates for upper-
extremity haemodialysis AV grafts or fi stulas present 
a diffi  cult problem. Th ese patients usually have had 
multiple previous access surgeries, have been in renal 
failure for extended periods of time, and have multiple, 
severe medical comorbidities. Surgeons generally 
agree that upper-extremity haemodialysis options 
are preferred. Th ere are encouraging reports of good 
results with femoral AV grafts for haemodialysis as 
well as reports of relatively poor outcomes with these 
grafts [5,6].

In January 2008 a femoral artery vein (saphenofemoral 
junction) loop PTFE graft was fi rst used in our unit 
in HD patients. Th is retrospective study details the 
clinical results obtained in 30 thigh grafts performed 
until January 2011.

Th e purpose of this study was to review and  analyse the 
patency rate and specifi c adverse events complicating 
lower-extremity vascular access, as identifi ed by 
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Background
Patients who are no longer candidates for   upper-extremity haemodialysis arteriovenous (AV) 
grafts or fi stulae present a diffi cult problem. The vascular surgeons at Mansoura University 
Hospital used a loop AV graft in the thigh in 30 patients with end-stage renal failure during the 
period from January 2008 to January 2011.
Patients and methods
Patients in this retrospective study underwent femoral AV loop graft placement when there 
was no alternative access to the   upper extremity. The primary and secondary patency rates 
were determined using the Kaplan–Meier method.
Results
The 30 patients who underwent a femoral AV loop  polytetrafl uoroethylene (PTFE) graft in the 
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The cumulative graft survival was calculated using the Kaplan–Meier analysis method and 
it was 93% in the sixth month, 87% at the end of the fi rst year, and 71% after 24 months to 
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the Society for Vascular Surgery and the American 
Association for Vascular Surgery, to assess safety and 
durability and patient factors that infl uence outcome.

Patients and methods
Th e Mansoura Vascular Surgery Unit used a loop AV 
graft in the thigh in 30 patients with end-stage renal 
failure over a 3-year period (from January 2008 to 
January 2011); the  lower extremity was used when no 
other permanent access site was available (exhausted 
upper limbs).

Exclusion criteria
(1) Presence of proximal aortoiliac occlusion.
(2) Presence of diabetic femoropopliteal and 

tibioperoneal  ischaemia.
(3) Previous ipsilateral femoral vein catheterization or 

a history of  DVT.
(4) Patient refusal.

Th e studied patients were identifi ed through a 
review of their medical records. Data obtained 
included demographic information (age and sex), 
baseline clinical information (type of disease leading 
to end-stage renal failure, medical comorbidities, 
number of previous access operations, the reason 
for femoral access), data on the access operation 
(date of operation, infl ow vessel used, outfl ow vessel 
used, size of graft used), and information on the 
postoperative course (complications, date and reason 
for graft failure, number and effi  cacy of graft salvage 
procedures).

Primary graft failure requires an intervention to 
restore patency at an access site, including surgical 
interventions such as thrombectomy. Final graft failure 
precipitates abandoning an access site. Primary patency 
continues until primary graft failure. Secondary 
patency continues until fi nal graft failure.

Th e median patency values were calculated for 
36  months following access construction. Graft 
patency and patient survival were determined using the 
Kaplan–Meier method. Groups were compared with 
the log-rank test.

Graft survival was defi ned as the period of time from 
grafting until failure of the graft due to any reason or 
until patient death. In our study no diff erentiation was 
made between primary and secondary patency. Surgical 
thrombectomy was performed whenever needed and 
the graft patency rate was determined according to the 
reporting standards set by the committee of reporting 
standards for AV haemodialysis access [7].

Grafts that were functioning on last follow-up 
examination but were discontinued for reasons 
other than failure, such as death (three patients) or 
transplantation (one patient), were censored in the 
survival analysis.

Surgical procedure
All procedures were carried out under either spinal 
 anaesthesia (n = 28) or local anaesthesia. Th e lower 
abdomen and the thigh down to the ipsilateral knee 
were prepared. A bolus of 1 g vancomycin was given 1 
h before surgery.

Th e surgical procedure is as follows: a longitudinal 
incision of the skin (∼6 cm) is made below the inguinal 
ligament over the anteromedial aspect of the thigh. Th e 
superfi cial femoral artery, below its exit from the common 
femoral artery, and the saphenofemoral and its branches 
are exposed. A lateral longitudinal arteriotomy (1–15 mm 
long) is made into the superfi cial femoral artery. A PTFE 
graft (internal diameter 6 mm) is cut obliquely, and its end 
positioned to the arteriotomy opening. Th e graft is then 
 tunnelled inferiorly in the subcutaneous plane. Th e distal 
end of the loop lies ∼8–10 cm superiorly to the knee. At 
this area a further skin incision is made to ensure that 
no kinks are present in the graft. Th e graft is then turned 
superiorly in the subcutaneous plane until it reaches the 
exposed saphenofemoral junction. Th e average length of 
the loop is ∼25–30 cm. Th e graft is cut obliquely, and a 
venograft anastomosis is made in an end-to-side manner 
with the saphenous vein stump at the sapheno-femoral 
junction and superfi cial femoral artery (SFJ) (Fig. 1).

After both venous and arterial clamps are removed, 
immediate thrill should be palpated over the entire 
graft to assure success of the technique.

Figure 1

A loop arter iovenous (AV) femoral   artery–femoral vein 
polytetrafl uoroethylene graft.
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In our study, complete aseptic techniques were 
performed and a bolus of vancomycin (1 g) was 
given 1 h before surgery and maintained for 2 days 
postoperatively.

Cannulation of the graft is recommended after 
10–14  days, but immediate cannulation can be 
performed without anticoagulation.

Postoperative low-dose aspirin (81 mg) was given 
to all patients. Postoperative follow-up after 
discharge was carried out in the outpatient clinic 
of the Vascular Surgery Unit, and a failing graft 
was suspected when venous pressures were high 
or when prolonged bleeding after decannulation 
was noted. In such cases a  colour duplex screening 
and CT angiography were performed (two cases) 
(Fig. 2).

Results

Patient characteristics
In this study, 30 patients underwent femoral AV 
graft placement: in 29 (96.7%) because of lack of 
upper-limb venous outfl ow and in one patient (3.3%) 
because of lack of arterial infl ow as determined on 
duplex study. Th e mean age at the time of operation 
was 50 years (range 35–70 years). Of the 30 patients, 
21 were male (70%) and nine were female (30%). 
Th e mean follow-up duration was 18 months (range 
4–36 months). Th e mean number of previous access 
operations was 3.93 (interquartile range  2–6), and 20% 
(six patients) of patients had undergone fi ve previous 
procedures and six patients (20%) had undergone three 
previous procedures (Table 1).

In 26 operations the  SFA was the infl ow for the 
graft and in 30 operations (100%) the outfl ow vein 
was  SFJ.

In our study early access failure due to thrombosis 
was reported in two patients (in the sixth and seventh 
months) in the common femoral artery ( CFA) infl ow 
group (n = 4) and due to infection in one patient (3.8%) 
in the SFA group (n = 26).

In this study, 22 patients (73.3%) had no  ischaemic 
symptoms postoperatively, nor during the follow-
up period, in both groups. In contrast, eight patients 
(26.7%) suff ered from ischaemic symptoms, which 
were severe and was life-threatening in one patient 
(3.3%) in the CFA group (n = 4).

No intraoperative mortality and no limp amputation 
was needed.

Re-exploration was carried out in three patients (10%): 
because of bleeding in two patients and because of 
threatened ischaemia in one (3.3%). Graft thrombectomy 
was carried out successfully for 14 grafts (46.7%) with a 
mean time of 10 months (range 1–24 months).

Graft survival
Accordingly, the cumulative graft patency was 93% at 
the end of 6 months, 87% at the end of the fi rst year 
and 71% after 2 years. Finally it reached 30% at the end 
of 3 years (Kaplan–Meier, Fig. 3).

Statistical methods
(1) Clinical data were collected from the patients’ 

clinical records and  analysed using statistical 
package for social sciences, version 11. (IBM SPSS 
Software http://www.ibm.com/us/en/).

Postoperative CT angiography showing a patent polytetrafl uoroethylene 
graft between the femoral artery and the femoral vein.

Figure 2

 Table 1 Characteristics of the studied patients

Item n (%)

Age (years) [mean (SD)] 50.9 (9.6)

Follow-up [mean (SD)] 
(months)

18.4 (8.8)

Number of previous 
accesses [mean (SD)]

3.9 (0.9)

Sex

Males 21 (70)

Females 9 (30)

Reason for femoral 
AV graft

No venous 
outfl ow in the 
upper limb 29 

(96.7)

No arterial infl ow in 
the upper limb1 (3.3)

Infl ow artery

SFA 26 (86.7)

CFA 4 (13.8)

Outfl ow vein

SFJ 30 (100)
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(2) Qualitative data were presented as number and 
percentage.

(3) Quantitative data were presented as mean and SD.
(4) Th e Kaplan–Meier method was used to estimate 

the patency rate for the group. A P value less than 
0.05 was considered signifi cant.

Discussion
Haemodialysis is dependent upon the construction, 
maintenance and preservation of a good vascular 
access. As the longevity of the haemodialysed patient 
has increased, and as increasing numbers of both 
elderly and diabetic patients are being chronically 
dialysed, the problems associated with vascular access 
have grown. As a result, ∼25% of  hospitalized days 
in haemodialysis patients are now related to vascular 
access malfunction [8].

Unfortunately, autogenous access is often 
impossible because of the obliteration of important 
superficial veins by prior medical intervention. After 
exhausting the other possibilities in the two upper 
extremities, we used a synthetic graft in the upper 
extremity. In patients with primarily unsuitable or 
secondarily surgically exhausted arm sites, a thigh 
fistula, either native with a saphenous vein or as 
a bridge graft, can be performed. We have used 
an alternative by way of a PTFE AV access graft 
placed in the thigh between the femoral artery and 
the saphenous vein.

Th e fi rst PTFE loop femoral AV fi stula was performed 
in January 2008 in our unit and was a success. Th is was 
considered when planning for alternative access for 
failed native AV fi stula.

Th e majority of authors of the reviewed papers agree 
that vascular access in the lower extremities should be 
attempted only in select patients, when all other access 
sites in the upper extremities have been exhausted, 
there is severe pathology in the central vein trunks and, 
possibly, when patients are not suitable candidates for 
peritoneal dialysis. Nevertheless, some authors used 
patient’s preference as one of the criteria for lower-
extremity AV access construction, as it allows two-
handed self-cannulation, leaves both hands free during 
dialysis and provides a better cosmetic appearance, 
especially for young women as the dialysis site is 
hidden under their skirt [9,10].

In our series, all patients were selected after all 
upper-limb trials had been exhausted – that is, no 
venous outfl ow (29 patients) or poor infl ow arteries 
(one patient). Th ey had to have an intact lower limb 
arterial and deep venous system and unsuitable long 
saphenous vein (atretic) due to previous attacks of 
thrombophlebitis or due to a previous harvest.

Several recently published studies have reported the 
outcome of prosthetic thigh AV access. Th e conclusions 
drawn by these studies diff er dramatically. Some suggest 
that thigh AV access is safe, with excellent long-term 
patency, whereas others consider it a procedure of last 
resort, because of the high rate of complications, such 
as infection and arterial steal [6,11,12].

In a study published in 2006, the secondary patency 
rate was only 41% at 1 year with more than half 
of the patients requiring reoperation for graft 
salvage. Th ese results were attributable to patient 
selection and referral patterns and severe medical 
comorbidities. Almost half of the patients had a 
signifi cant perioperative surgical complication with 
graft thrombosis (17%); these patients were morbidly 
obese, which has been reported to be a risk factor for 
thrombosis and early access failure; 27% of grafts 
were lost because of infection [13].

Th e most prohibitive reported shortcomings associated 
with lower-extremity vascular access are infection 
and ischaemic complications. In an attempt to avoid 
placement of a prosthetic material in the potentially 
contaminated area of the  groin and preserve proximal 
femoral vessels for later use, the   upper-thigh loop 
technique was further modifi ed by placing the graft 
along a subcutaneous loop channel over the anterior 
mid-thigh region, increasing the distance to the groin 
and the urogenital area [14,15].

However, in a recent study by Antoniou et al. [16] there 
was no diff erence in infection rates between upper and 
mid-thigh groups of AV access. In our study all grafts 

Survival function.

Figure 3
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were placed in the groin, and mid-thigh loop grafts 
may need to be studied further.

In our study, the infection rate was 16.7% (fi ve 
patients) and graft thrombectomy was performed in 
14 patients (46.7%). Re-exploration for graft salvage 
was performed in three cases: in two cases because of 
bleeding, which was managed successfully by redo in 
the veno-anastomotic suture line, and in one patient 
because of threatened limb ischaemia and steal 
syndrome, which was managed by refashioning the 
arterial anastomosis.

Th ere was no amputation related to our thigh graft in 
any of our patients, and no operative death in our series.

The National Kidney Foundation Guidelines 
do not  favour catheters for haemodialysis 
access, stating that fewer than 10% of chronic 
haemodialysis patients should be maintained on 
catheters [17]. The reason for such  disfavour is the 
poor blood flow through the catheter with resultant 
inadequate haemodialysis and an increased rate of 
systemic infection with the need for hospitalization 
compared with AV grafts [18].

In our experience, the only option is a femoral AV graft 
or a cuff ed tunnelled catheter. Th e AV graft is generally 
a better option owing to high rates of infection in 
chronic indwelling femoral catheters.

In addition, several preventive measures have been 
proposed to keep infection rate at low levels, including 
perioperative prophylactic antibiotics and meticulous 
attention to an aseptic technique at the time of 
cannulation [19].

In our study a complete aseptic technique was 
implemented and a bolus of vancomycin (1 g) was 
given 1 h before surgery and it was maintained for 
2 days postoperatively.

It has been suggested that preoperative screening 
for peripheral arterial disease with a detailed clinical 
evaluation and duplex ultrasound scanning and/or 
arteriography, when required, be performed in all 
patients scheduled for lower-extremity vascular access 
construction [20].

In our study, eight patients (26.7%) suff ered from 
diff erent grades of ischaemia postoperatively, which was 
severe and limb threatening in one patient (SFA group) 
and was re-explored and dealt with by refashioning the 
arterial anastomosis. Postoperative CT angiography 
was performed and the patient showed a patent 
graft and restoration of the infrapopliteal fl ow in the 
immediate postoperative period; however, the graft 

was removed later because of reanastomosis ischaemic 

symptoms.

In our study, all grafts used were 6 mm in diameter 

to decrease the incidence of ischaemia especially 

in diabetic patients. Other series used the 4–7 mm 

stepped graft where the 4 mm limb to the artery and 

7 mm end to the vein, but we used the 6 mm diameter 

PTFE graft in all our patients. In our series we did not 

use the split 4–7 mm PTFE grafts.

Finally, we found that the thigh PTFE graft had the 

advantage of long length, which enabled diff erent 

cannulation sites, easy use and high fl ow, which reduces 

graft thrombosis. Th e loop technique helps to dissipate 

high arterial pressure throughout the graft, and this also 

reduces thrombosis. Th e disadvantage of this technique 

includes the high risk of amputation if the graft is excised 

because of infection as the possibility of risk of arterial 

ligation is higher than that of repair of the arteriotomy.

Conclusion
Lower-extremity vascular access is increasingly used 

as an alternative access site in patients unsuitable for 

upper-extremity AV access creation and when the 

saphenous veins are unsuitable for femoral artery 

saphenous vein fi stula creation. Our review has shown 

that it has acceptable results in terms of patency. 

Autogenous access was also found to be associated with 

fewer infective complications compared with prosthetic 

AV access, although at the expense of increased 

ischaemic complication rates. It seems that the type of 

lower-extremity vascular access should be chosen by 

taking into account the patient’s comorbidities, such 

as peripheral arterial disease. However, because of the 

retrospective nature of most of the studies included in 

this systematic review and the great variability in the 

reporting outcomes, our results should be approached 

with caution. Further research with randomized 

controlled trials is required in the future.

Finally, we found that thigh PTFE graft has the 

advantage of long length, which enables diff erent 

cannulation sites, easy use and high fl ow, which 

reduces the thrombosis rate. It is a good alternative 

to exhausted upper-extremity accesses; choice of the 

lower-extremity femoral AV graft should take into 

account the patient’s comorbidities and presence of 

peripheral vascular disease. Further research with 

randomized studies is required to consolidate our 

results (Tables 2–4).
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 Table 2 Patients’ medical comorbidities and causes of renal 
failure in our studied group

Causes of renal failure (%)

DM 20

Hypertension 20

Obstructive uropathy 16.7

Unknown 16.7

Polycystic kidney 10

Glomerulonephritis 3.3

Systemic lupus erythromatosis (SLE) 13.3

Patients comorbidity (%)

Hypertension 46.7

DM 36.6

Coronary artery disease 16.6

Obesity (BMI>40) 6.6

DM, diabetes mellitus.

 Table 3 Graft salvage procedures

Procedures n (%)

Graft thrombectomy 14 (46.7)

Lymphocele drainage 2 (6.7)

Re-exploration 3 (10)

 Table 4 Causes of graft removal (late access failure)

Graft removal cause n (%)

Rethrombosis with failed thrombectomy 6 (20)

Infection 5 (16.7)

Excess bleeding 2 (6.7)

Threatened ischaemia 1 (3.3)
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Introduction
In recent years, the number of patients requiring  

hemodialysis (HD) has been rapidly increasing 

globally; arteriovenous fi stula (AVF) is the most 

frequently used method in patients with end-stage 

renal failure (ESRF) for HD [1].

Th e Kidney Disease Outcome Quality Initiative 

recommends autologous radiocephalic or 

brachiocephalic arteriovenous fi stula (BCAVF) as a 

primary method of choice in HD patients and basilic 

vein transposition as a secondary option [2].

Placement of an autogenous AVF for dialysis is an 

important step in end-stage renal disease patients. Dialysis 

access is a lifeline for such patients; hence, its maturation 

and continued function are crucial for overall well-being [3].

Fistula maturation is a general term used to refer to 

multiple processes that occur from the time of surgical 

fi stula construction HD access until the time the AVF 

becomes functional [4].

Th e desired end result of fi stula maturation is a high-

fl ow, large-caliber, superfi cial vessel with robust wall 

structure suitable for repeated reliable dialysis needle 

access [5]. Criteria for assessment of maturation have 

been proposed as the role of sixes, which states that, 

by 6 weeks after surgical creation, the fi stula should 

measure 6 mm or greater in diameter, 6 mm or less 

deep from the skin surface, with fl ow of 600 ml/min 

or more and a usable length of 6 cm or more; these 

parameters are relatively easy to quantitate and 

provide a useful starting point for assessment of 

fi stula maturity [6].

Outcomes of brachiobasilic arteriovenous shunting with 
superfi cialization as a vascular access for renal dialysis: 
an early experience in Benha University
El-Sayed A. Abd El-Mabooda, Mokhtar A. Bahbaha, Ayman M. Adbelmofeeda, 
Hazem E. Alia, M. Hamed Abd El-Fattahb, Mohamed I. Hasanc

Purpose
The aim of the study was to assess outcomes of brachiobasilic arteriovenous fi stula (BBAVF) 
under ultrasound (US)-guided supraclavicular block with or without superfi cialization and of 
brachiocephalic arteriovenous fi stula in patients with vessels unsuitable or failed for a forearm 
fi stula.
Patients and methods
The study included 75 patients diagnosed with end-stage renal failure. They were divided 
into three equal groups (n = 25) according to the site of fi stula: group 1 underwent BBAVF 
(one-stage), group 2 underwent BBAVF (two-stage with   1-month interval), and group 
3 underwent brachiocephalic arteriovenous fi stula, all with end-to-side anastomosis under 
US-guided supraclavicular block.
Results
There was signifi cant difference in the diameter of arm veins between the fi rst two groups 
and the third group (P = 0.01), especially using supraclavicular block. Despite group 1 had 
the longest operative time (82.02 ± 11.39), it had the shortest duration of maturation and 
the best mean fl ow rate (ml/min) (P = 0.0004 and 0.004, respectively). The frequency of 
early postoperative   complications — that is, primary access failure and early thrombosis 
(fi rst 10 days) — and late complications — that is, late thrombosis more than 10 days and 
pseudoaneurysm — was less in group 1 (P = 0.05).

Conclusion
Despite one-stage BBAVF takes long operative time, it appears to be the most ideal vascular 
access, with high success rate, shortest duration of maturation, best mean fl ow rate, and less 
postoperative complications, and surgical redo with its complications is also less especially 
using US-guided supraclavicular block.
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Th e fi rst step in the process of creating a high-
quality functional AVF is a well-performed surgical 
construction  utilizing the artery–vein pair based 
upon appropriate clinical and/or ultrasound (US) 
preoperative vascular assessment [7]. Patients 
with chronic renal failure may suff er from serious   
complications that represent a great challenge to the 
anesthesiologists. Complications such as congestive 
heart failure, systemic hypertension, electrolyte 
imbalances, metabolic acidosis, coagulopathy, 
unpredictable intravascular fl uid volume status, and  
anemia obligate the anesthesiologist to avoid general  
anesthesia with its heroic risks in these patients and to 
think for alternative methods [8].

Brachial plexus block is often used in chronic renal 
failure patients to provide anesthesia for the creation or 
revision of AVF for HD access. It provides analgesia, 
sympathetic blockade, optimal surgical conditions, and 
adequate duration of postoperative block that prevents 
arterial spasm and graft thrombosis. It provides higher 
blood fl ow in the radial artery and AVF than is achieved 
with infi ltration anesthesia [9].

Many approaches can be used for brachial plexus block: 
axillary, supraclavicular, and infraclavicular approaches. 
Th ey were commonly performed by blind techniques 
or neurostimulation, which may be associated 
with high failure rate and serious complications. 
Nowadays, the intraoperative use of ultrasonography 
has become more popular and much easier. Its use in 
these blocks increases the success rate and decreases 
complications [10].

Patients and methods
After local ethical committee of Benha University 
approval and obtaining written fully informed 
patients consent, the current study was conducted at 
the General Surgery Department, Benha University 
Hospital from March 2011 to August 2013 so as to 
allow 6-month follow-up period for the last case 
operated on. Th is prospective randomized controlled 
study was conducted on 75 patients diagnosed with 
ESRF ASA III, including 43 (57.3%) male patients 
and 32 (42.7%) female patients with age strata; most 
patients were aged between  40 and 60 years (n = 45, 
60%). Patients were randomly allocated using a 
computer-generated random number table into three 
equal groups according to the site of fi stula: group 1 
that underwent brachiobasilic arteriovenous fi stula 
(BBAVF) (one-stage) (n = 25), group 2 that underwent 
BBAVF (two-stage with   1-month interval) (n = 25), 
and group 3 that underwent BCAVF (n = 25), all 
with end-to-side anastomosis under US-guided 

supraclavicular block, if failed local infi ltration 
anesthesia. Postoperative follow-up was 3–6 months.

All patients presenting were subjected to detailed 
clinical evaluation, laboratory assessment, and arterial 
and venous duplex US imaging study with vessel 
mapping for assuring the preparation.

Patients with both patent basilic and cephalic veins 
greater than 3 mm of diameter as well as with triphasic 
arterial infl ow were randomly arranged to the BBAVF 
and BCAVF groups by  computerized allocation. All 
fi stulae were placed in patients with vessels unsuitable 
for a forearm fi stula or with a failed forearm fi stula.

Exclusion criteria in this study included previous 
BBAVF or BCAVF, age younger than 18 years, less 
than 3 mm of diameter of the brachial artery at the 
elbow, absence of radial or ulnar artery pulses, less than 
3 mm of diameter of the basilic and cephalic veins in 
any location in the upper arm, inability to obtain patient 
consent or refusal of the patient to undergo US-guided 
supraclavicular block, and history of hypersensitivity 
reaction to local anesthesia or coagulation disorder.

Operative procedure
All procedures were performed under US-guided 
supraclavicular block performed by an anesthesiologist 
and radiologist using US machine (Chison L45607S, 
China) with curved-array probe (7.5 MHz).

Th e patient was placed in the supine position with head 
tilted to the opposite side; the skin was disinfected; 
transducer was positioned in the transverse plane 
superior to the midpoint of the clavicle, tilted inferior 
to obtain the cross-section view; a 25–27-G needle 
was used, with insertion not more than 1 cm to avoid 
injury to the brachial plexus; and the needle place was 
confi rmed by motor response or nerve stimulation using 
(0.5 mA, 0.1 ms) injection of 25–30 ml of l-bubivacaine. 
Intraoperative duplex ultrasonography was used to assess 
the diameter of vein before and after block.

In group 1, the incision was performed through the 
basilic vein located in the medial condyle of the 
humerus and axillary area. Th e vein was carried over 
the fascia by tying the lateral branches during release 
of the basilic vein, whereas the medial cutaneous nerve 
of the forearm was preserved. Th e basilic vein in the 
antecubital fossa was anastomosed to the brachial artery 
end-to-side, using 6-0 or 5-0 polypropylene continuous 
sutures. Following evaluation of the presence of thrill, 
the fascia and other layers were closed, lifting the vein 
and protecting the nerve. One and a half month was 
allowed for the anastomosed graft to heal before the 
possible trauma of HD injection [11–13] (Fig. 1).
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as numbers and percentages and were analyzed using 
the χ2-test. P-value less than 0.05 was considered 
signifi cant and P-value less than 0.01 was considered 

In group 2, the incision was made through the basilic 
vein located in the medial and lateral condyle of the 
humerus and was anastomosed to the brachial artery 
laterally using 6-0 or 5-0 polypropylene continuous 
suture. Th e incisions were closed in the anatomical 
layers after the presence of thrill was evaluated. In the 
next stage at 1 month, an incision was made through 
the basilic vein located in the medial condyle of the 
humerus and the axillary area. Th e vein was carried 
over the fascia by tying the lateral branches during the 
release of the basilic vein, whereas the medial cutaneous 
nerve of the forearm was preserved. Following the 
evaluation of the presence of thrill, the fascia and other 
layers were closed in anatomical layers, lifting the vein 
and protecting the nerve. Patients whose wounds had 
healed after 40 days underwent HD [14–16] (Fig. 2).

In group 3, BCAVFs were created by making a 
transverse incision just proximal to the elbow as 
previously described elsewhere. Th e cephalic vein was 
dissected free and transected at the level of elbow. 
Subsequently, the anastomosis was performed as 
described in BBAVF. Additional care was taken to 
secure  hemostasis at the end of the procedure. Th e 
systemic heparin was not used either intraoperatively 
or postoperatively [11,17] (Fig. 3).

Technical success was defi ned as the presence of a 
palpable thrill on the fi stula at completion of the 
procedure and 24 h postoperatively.

Outcome items
Postoperative follow-up was performed for duration of 
maturation (mean) (days), mean fl ow rate (ml/min), and 
complications, either early complications that included 
primary access failure (by early thrombosis), bleeding, 
or  hematoma or late complications that included late 
thrombosis, pseudoaneurysm (circumscribed dilatation, 
either fusiform or saccular, of a vascular access more 
than twice of diameter of the preceding and following 
segments of access; when the aneurysm becomes 
rapidly enlarged, infl amed, or symptomatic, ligation 
was undertaken to prevent rupture and bleeding) [13], 
steal syndrome, or wound infection.

All interventions were recorded, such as mechanical 
thrombectomy, aneurysm ligation, and successful 
endovascular treatment, but when failure is inevitable 
surgical revision was performed.

Statistical analysis
Analysis of data was performed using SPSS version 
16 (Bristol university; UK). Quantitative data were 
presented as mean and SD and were  analyzed by 
analysis of variance test. Qualitative data was presented 

Brachiobasilic arteriovenous fi stula (one-s tage).

Figure 1

Brachiobasilic arteriovenous fistula (two-stage): first stage and 
second  stage.

Figure 2

Brachiocephalic arteriovenous fi  stula.

Figure 3
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highly signifi cant, whereas P-value greater than 0.05 
was considered insignifi cant.

All data were recorded in the following images: Fig. 1 
for group 1, Fig. 2 for group 2, and Fig. 3 for group 3.

Results
Th is study included 75 patients who were diagnosed 
with ESRF, 43 (57.3%) male patients and 32 (42.7%) 
female patients with age strata; most patients were aged 
between 40 and 60 years (n = 45, 60%). Patients of this 
study were divided into three equal groups according 
to the site of fi stula: group 1 that underwent BBAVF 
(one-stage) (n = 25), group 2 that underwent BBAVF 
(two-stage with 1-month interval) (n = 25), and 
group 3 that underwent BCAVF (n = 25). Associated 
morbidities — that is, diabetes, hypertension, or 
smoking — had no signifi cance (Table 1 and Graph 1).

Most of the fi stulae of this study were located at 
nondominant arm, group 1: 20 (80%), group 2: 21 
(84%), and group 3: 19 (76%), and most of them were 
performed in the fi rst month after dialysis, group 1: 24 
(96%), group 2: 22 (88%), and group 3: 24 (96%). Th ere 
were some patients who had previous access dialysis 
(Table 2 and Graph 2).

Diameter of the arm veins was greater than 3 mm 
with respect to the fi rst two groups (P = 0.01): basilic 
vein, 3.9 ± 0.88, and cephalic vein, 3.44 ± 0.14; this 
can be explained by the fact that cephalic vein is 
more superfi cial, and hence is more exposed to the 
repeated intravenous injection, more fi brosis, and 
narrowing, but basilic vein is deep. After US brachial 
plexus block, there was dilatation of the vein diameter 
signifi cantly, especially the basilic one (4.21 ± 0.93) 
(P = 0.0033, highly signifi cant); this depends on the 
fact that cephalic vein is exposed to fi brosis, and hence 

Table 1 Preoperative data

Preoperative data Group 1 Group 2 Group 3 χ2 P

Age (years)

<40 13 (17.3)

 40–60 45 (60)

>60 17 (22.7)

Sex

Male 43 (57.3)

Female 32 (42.7)

Site of AV fi stula BBAVF 
(one-stage) 

(n = 25)

BBAVF 
(two-stage 
with 1-month 
interval) 
(n = 25)

BCAVF 
(n = 25)

Diabetes 6 (24) 8 (32) 9 (36) 0.8 0.6

Hypertension 12 (48) 17 (68) 15 (60) 2.08 0.35

Smoking 4 (16) 5 (20) 3 (12) 0.59 0.74

AV, arteriovenous; BBAVF, brachiobasilic arteriovenous fi stula; 
BCAVF, brachiocephalic arteriovenous fi stula.

Table 2 Fistula characteristics of patients with brachiobasilic 
arteriovenous fi stula and brachiocephalic arteriovenous 
fi stula

Fistula characteristics 
of patients

Group 
1

Group 
2

Group 
3

χ2 P

Location of AVF 
[n (%)]

Nondominant arm 20 (80) 21 (84) 19 (76) 0.5 0.77

Dominant arm 5 (20) 4 (16) 6 (24)

Timing of AVF in 
advance of dialysis 
[n (%)]

1 month 24 (96) 22 (88) 24 (96) 1.7 0.42

3 months 1 (4) 3 (12) 1 (4) 1.7 0.42

Previous access dialysis 3 (12) 4 (16) 2 (8) 0.76 0.68

AVF, arteriovenous fi stula.

Preoperative  data.

G raph 1

G raph 2

Fistula characteristics of patients with brachiobasilic arteriovenous fi stula 
and brachiocephalic arteriovenous fi stula. AVF, arteriovenous fi  stula.
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has less elasticity and distensibility — that is, basilic 
vein is better for anastomosis especially with the use 
of brachial plexus block [18]. However, there was no 
diff erence in brachial artery diameter before and after 
brachial plexus block (Table 3).

All patients underwent end-to-side anastomosis, with 
longest operative time in group 1 (82.02 ± 11.39), 
followed by group 2 (62.34 ± 3.17), and then group 
3 (59.68 ± 9.16) (P = 0.00000045, highly signifi cant 
compared with BCAVF). However, postoperative 
early revision was performed in three (12%) patients 
in group 1, one (4%) patient in group 2, and two (8%) 
patients in group 3; hence, the revision was insignifi cant 
(P = 0.58). Early revision was performed for massive 
leaking anastomosis or very narrow anastomosis 
aff ecting distal pulsation that might end by distal 
gangrene (Table 4).

Patients passed postoperative period and followed up 
for duration of maturation (mean) (days) (known by 
dialysis injection without hematoma or leaking), with 
group 1: 42 ± 14 days, group 2: 69 ± 23 days, and group 
3: 45 ± 13 days; the maturation was highly signifi cant 
toward group 1 (P = 0.0004). Th e mean fl ow rate (ml/
min) was measured by duplex ultrasound, with group 1: 
330 ± 26, group 2: 299 ± 32, and group 3: 310 ± 21; the 
rate was highly signifi cant toward group 1 (P = 0.004) 
(Table 5).

Early postoperative complications — that is, 
primary access failure (very narrow anastomosis 
or early thrombosis) and early thrombosis 

(fi rst 10 days) — were less in group 1; primary access 

failure was observed in one (4%) patient in group 

1, three (20%) patients in group 2, and seven (28%) 

patients in group 3 (P = 0.05). Similar results were 

found in early thrombosis (P = 0.02). However, there 

was no signifi cance in other early postoperative 

complications — that is, bleeding or hematoma — in 

all groups (P = 0.58 and 0.76, respectively) (Table 6 

and Graph 3).

However, late postoperative complications — 

that is, late thrombosis more than 10 days and 

pseudoaneurysm — were less in group 1; late 

thrombosis was observed in two (8%) patients in 

group 1, six (24%) patients in group 2, and nine 

(36%) patients in group 3 (P = 0.05). Similar results 

were found in pseudoaneurysm (P = 0.05). However, 

there was no signifi cance in other late postoperative 

complications — that is, steal syndrome or wound 

infection — in all groups (P = 0.85 and 0.8, 

respectively) (Table  7 and Graph 4).

Finally, the success rate of AVF was signifi cant 

(P = 0.03) in group 1, 23 (92%), with highest 

number of successful cases, followed by group 2, 

18 (72%), and then group 3, 15 (60%); the patients 

with complications were treated well either by only 

mechanical thrombectomy (Fig. 4) (P = 0.03) or 

by aneurysm ligation (P = 0.15) or endovascular 

treatment (P = 0.7). However, in patients with 

inevitable failure, surgical revision was the treatment 

(P = 0.02) (Table 8 and Graph 5).
 Table 3 Vascular characteristics of patients with 
brachiobasilic arteriovenous fi stula and brachiocephalic 
arteriovenous fi stula

Vascular 
characteristics of 
patients

Group 1 Group 2 Group 3 F P

Diameter of vein 
before block (mm)

3.9 ± 0.88 3.44 ± 0.14 2.6 0.01

Diameter of vein 
after block (mm)

4.21 ± 0.93 3.54 ± 0.12 3.09 0.0033

Diameter of vein after 
local infi ltration (mm)

3.9 ± 0.87 3.44 ± 0.14 2.6 0.01

Diameter of brachial 
artery before block 
(mm)

4.83 ± 1.5 4.85 ± 1.1 0.05 0.95

Diameter of brachial 
artery after block (mm)

4.83 ± 1.5 4.85 ± 1.1 0.05 0.95

Data are presented as mean ± SD.

Table 4 Perioperative characteristics in patients with brachiobasilic arteriovenous fi stula and brachiocephalic arteriovenous fi stula

Operative characteristics Group 1 Group 2 Group 3 Test P

Operative time (min) 82.02 ± 11.39 62.34 ± 3.17 59.68 ± 9.16 F = 11.4 0.00000045

Postoperative early revision 3 (12) 1 (4) 2 (8) χ2 = 1.08 0.58

Data are presented as mean ± SD and numbers (percentages are given in parentheses). 

Postoperative early complications in brachiobasilic arteriovenous 
fi stula and brachiocephalic arteriovenous fi  stula.

G raph 3
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Discussion
Patients with ESRF must receive HD to survive until 
they undergo renal transplantation. AVF surgery to 
supply extracorporeal blood fl ow has been performed 
for many years during HD [18]. Th e optimal fl ow 
rate is at least 200 ml/min with an easy-to-use device, 
providing suffi  cient supply in a durable and safe 
procedure [19,20]. For this purpose, arteries and veins 
of the upper limbs are mostly used.

Th ere are several theoretical advantages of selecting the 
basilic vein over the cephalic vein when considering 
AVF creation [21]. Unlike other veins in the arm, the 
basilic vein is naturally deep, protected from damage 
caused by previous venepuncture, and has a larger 
diameter [22]. However, these anatomical advantages 
lead to a more demanding, complex surgical dissection 

Table 5 Postoperative data in patients with brachiobasilic 
arteriovenous fi stula and brachiocephalic arteriovenous fi stula

Postoperative data Group 1 Group 2 Group 3 F P

Duration of 
maturation (days)

42 ± 14 69 ± 23 45 ± 13 4.5 0.0004

Mean fl ow 
rate (ml/min)

330 ± 26 299 ± 32 310 ± 21 2.9 0.004

Data are presented as mean ± SD.

Table 6 Postoperative early complications in brachiobasilic 
arteriovenous fi stula and brachiocephalic arteriovenous fi stula

Postoperative early 
complications

n (%) χ2 P-value

Group 1 Group 2 Group 3

Primary access failure 1 (4) 3 (12) 7 (28) 5.9 0.05

Early thrombosis 1 (4) 3 (12) 8 (32) 7.7 0.02

Bleeding 1 (4) 3 (12) 2 (8) 1.08 0.58

Hematoma 2 (8) 1 (4) 1 (4) 0.52 0.76

 Table 7 Postoperative late complications in brachiobasilic 
arteriovenous fi stula and brachiocephalic arteriovenous fi stula

Postoperative late 
complications

n (%) χ2 P

Group 1 Group 2 Group 3

Late thrombosis>10 days 2 (8) 6 (24) 9 (36) 5.8 0.05

Pseudoaneurysm 1 (4) 3 (12) 7 (28) 5.9 0.05

Steal syndrome 3 (12) 2 (8) 2 (8) 0.31 0.85

Wound infection 1 (4) 2 (8) 2 (8) 0.4 0.8

 Table 8 Postoperative access intervention/fi rst year 
in brachiobasilic arteriovenous fi stula and brachiocephalic 
arteriovenous fi stula

Postoperative access 
intervention

n (%) χ2 P

Group 1 Group 2 Group 3

None (successful AVF) 23 (92) 18 (72) 15 (60) 6.9 0.03

Only mechanical 
thrombectomy

1 (4) 4 (16) 8 (32) 6.8 0.03

Aneurysm ligation 0 (0) 1 (4) 2 (8) 3.6 0.15

Successful treatment 1 (4) 1 (4) 2 (8) 0.5 0.7

Failed AVF needed 
surgical revision

1 (4) 3 (12) 8 (32) 7.7 0.02

AVF, arteriovenous fi stula.

Mechanical thrombe ctomy.

Figure 4

Postoperative late complications in brachiobasilic arteriovenous fi stula 
and brachiocephalic arteriovenous fi  stula.

G raph 4

and prolong surgery. To manage these technical 
factors, the procedure is often performed under general 
anesthesia [23]. In this study, general anesthesia was 
replaced by US-guided brachial plexus block, which 
provided very satisfactory sensory and motor block in 
patients with chronic renal failure undergoing creation 
of AVF of the distal upper extremity [24].

Postoperative access intervention/first year in brachiobasilic 
arteriovenous fi stula and brachiocephalic arteriovenous fi stula. AVF, 
arteriovenous fi stula; ttt, trea tment.

G raph 5
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Th is block provided very good analgesia that extended 
for a long time postoperatively. Patients were satisfi ed 
with this block, and no complications were reported. 
In addition, this helps a lot when a local cause such as 
swelling, infection, or obesity prevents the use of either 
of them. Hence, the other approach would work [25]. 
Moreover, brachial plexus block can induce dilatation 
of veins especially the basilic vein as the cephalic vein 
being exposed to repeated venepuncture; it is more 
fi brosed with less dispensability [26] in addition to this 
block gives the advantages of local anesthesia; safety, 
decrease len gth of hospitalization, and relatively low 
cost [27].

Th e proper location of AVFs and shunts must allow 
for the identifi cation of landmarks to ensure successful 
needle access. Traditionally, AVFs located too deeply 
are superfi cialized with a formal surgical procedure. 
Th is procedure necessitates a larger incision and 
requires an extended healing time before the fi stula 
may be accessed [28]. Th e current study evaluated 
the clinical outcomes of three types of upper arm 
vascular access; group 1 underwent one-stage BBAVF 
with superfi cialization and group 2 underwent two-
stage BBAVF [29]. BBAVF upper arm fi stulas had 
a substantially lower primary failure rate (suitability 
failure) and less early thrombosis — group 1, one (4%), 
and group 2, three (20%) — compared with BCAVFs 
— group 3, seven (28%) (P = 0.05) [30]. Th ese results 
were mentioned by Silva et al. [31,32] who had reported 
a markedly lower primary failure rate of BBAVF.

One-stage BBAVF was superior to two-stage BBAVF 
because of its lower rate of postoperative early and 
late complications and higher early fi stula maturation 
with better fl ow rate, despite its disadvantage of long 
operation time that needs general anesthesia, which 
was overcome by US-guided brachial plexus block 
in this study. Th is was due to larger diameter of the 
basilic vein observed in patients who underwent one-
stage BBAVF, which led to decrease in postoperative 
complications and helped fi stula maturation; this was 
mentioned by Kakkos et al. [1].

Th ere were many factors aff ecting the fi stula maturation 
in addition to vein diameter; postoperative hematoma 
and venous hypertension may be more important than 
the diameter of the vein. Th ere was no signifi cance in 
this fi nding in the three groups (P = 0.76 and 0.85, 
respectively) [22,33,34].

With respect to auxiliary interventions, the rate of 
intervention in group 1 was signifi cantly less: only 
mechanical thrombectomy in one (4%) patient (P = 0.03) 
and surgical revision in one (4%) patient (P = 0.02). 
Th ere was no statistically signifi cant diff erence in 

auxiliary interventions due to pseudoaneurysm 
(P = 0.15) and steal syndrome (P = 0.85) between the 
three groups.

In conclusion AVF formation using BBAVF is a 
compelling procedure for the surgeon to avoid possible 
complications, including loss of function, infection, 
 distal ischemia, and  venous edema. Despite one-stage 
BBAVF takes long operative time, it appears to be the 
most ideal vascular access, with high success rate, less 
duration of maturation, best mean fl ow rate, and less 
postoperative complications — that is, primary access 
failure, thrombosis, or pseudoaneurysm — especially 
using US-guided supraclavicular block. One-stage 
BBAVF performed under US-guided supraclavicular 
block is of special importance in obese patients, and 
surgical redo with its complication is also  less.
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Introduction
Th e rectum is located in the last 20 cm or so of the 
large bowel. It is the temporary storage area for bowel 
motions. Rectal prolapse was described as early as 1500 
BC [1,2]. Rectal prolapse occurs when a mucosal or 
full-thickness layer of rectal tissue slides through the 
anal orifi ce. Problems related t o fecal incontinence, 
constipation, and rectal ulceration are common [1,3,4].

Th e precise cause of rectal prolapse has not been 
defi ned; however, a number of associated abnormalities 
have been found. As many as 50% of prolapse cases 
are caused by chronic straining at defecation and 
constipation. A deep pouch of Douglas, a shallow 
sacral curvature, weakness of the pelvic fl oor, and 
decreased resting anal sphincter pressure have also 
been associated with rectal prolapse [5,6].

Th e symptoms of rectal prolapse depend on severity, 
but can include pain and discomfort, blood and mucus 

discharge from the anus, diffi  culty in passing a bowel 
motion, protrusion of the rectum through the anus, 
leakage of liquefi e d feces, particularly following a 
bowel motion or fecal incontinence, or reduced ability 
to control the bowel [7,8].

Rectal prolapse was more common 50 years ago than 
now, and this decreased occurrence is thought to be due 
to improved nutrition and hygiene i n industrialized 
countries [5,6,9]. Prolapse of the rectum may involve 
only the mucosa for not more than 1.25–3.75 cm 
[1,2,5], which is the least serious form and is most 
common in th e pediatric population, or it may involve 
all layers of the rectum protruding through the anus 
(procidentia) [9–12]. Most cases of childhood prolapse 
occur in patients younger than 4 years, with the highest 
incidence in the fi rst 2 years of life [13–15].

Treatment depends on many individual factors, such 
as age of the person, severity of the prolapse, and 

Modifi ed Gant–Miwa approach versus modifi ed Thiersch’s 
stitch for the management of rectal mucosal prolapse 
in children: how to decrease recurrence?
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Purposes
The aim of this study was to assess the early outcomes and advantages of a modifi ed Gant–
Miwa approach for the treatment of rectal mucosal prolapse in children and determine how 
this modifi cation helps decrease recurrence when compared with modifi ed Thiersch’s stitch 
in a prospective and randomized setting.
Background
Recurrence of rectal mucosal prolapse after rectal mucosal prolapse repair through the anus 
represents a problem for the surgeon and the patient. Although there are many trials to prevent 
this recurrence, a defi nite solution has not been found yet.
Patients and methods
The study included 60 children with rectal mucosal prolapse (mean age 3.6 ± 1.2 years) 
who were divided into two groups: group A (N = 30), comprising patients who underwent the 
modifi ed Gant–Miwa operation, and group B (N = 30), comprising patients who underwent a 
modifi ed Thiersch’s prolene stitch.
Results
The modifi ed Gant–Miwa operation was a successful approach with which to decrease 
constipation [2.0 (6.6%) vs. 9.0 (30%) cases; P < 0.05] and recurrence [1.0 (3.3%) vs. 5 
(16.6%); P = 0.0002] to a great extent, although it was followed by more anal soiling in the 
fi rst 2 weeks (11.3 ± 0.7 vs. 3.7 ± 0.2; P > 0.05).
Conclusion
The modified Gant–Miwa operation was a successful approach for decreasing early 
postoperative morbidity, especially constipation and recurrence, and thus incidences of surgical 
redo because of complications were also fewer, despite it being associated with more anal 
discharge especially in the fi rst 2 weeks.
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study population consisted of 33 (55%) female and 27 
(45%) male children (Graph 2).

Inclusion criteria
Th e children included in this study were suff ering 
from rectal mucosal prolapse resistant to conservative 
measures (such as treatment for constipation o r 
diarrhea, treatment for parasitic infestation and 
intestinal infections, correction of malnutrition, and 
prevention of the wrong squatting position) or from 
complicated rectal mucosal prolapse (e.g. painful 
episodes, ulceration, rectal bleeding).

Exclusion criteria
Children suff ering from complete rectal prolapse or 
who were unfi t for genera l anesthesia were excluded 
from this study.

All children were subjected to the following: full 
history taking to ascertain the number of prolapses 
and possibility of its reduction; a clinical examination 
[a  general one performed in a meticulous way, 
including airways, vital signs, back, abdominal and 
skeletal examination (body weight), for determining 
fi tness for surgery, and a local examination to detect 
the type of prolapse as well as for determining whether 
the patient was suff ering from a partial prolapse of 
the rectal mucosa and the submucosa (but not the 
entire wall) (protrusion from the anus for more than 
1.25–3.75 cm) or from a complete prolapse of the 
entire wall (protrusion more than 3.75 cm), with such 

Table 1 Distribution of cases

Groups Group A [N (%)] Group B [N (%)]

 30 (50) 30 (50)

Approach Modifi ed Gant–Miwa Modifi ed Thiersch’s

whether or not other pelvic abnormalities are present 
(such as prolapsed bladder). Patients who present 
with a prolapsed rectum should undergo manual 
reduction. Conservative management is appropriate in 
selected patients. Treatment should be directed at the 
underlying cause. After treating the underlying cause, 
conservative management is usually successful. Cases of 
diffi  cult reduction and patients with recurrent episodes 
are less likely to respond to conservative measures [16].

Surgical treatment is reserved for patients who do not 
improve with conservative management or suff er from 
complicated rectal prolapse (e.g. recurrent rectal prolapse, 
painful episodes, ulceration, rectal bleeding) [17].

Th e present study added a modifi cation to the Gant–
Miwa approach by performing three stays sutures 
(absorbable suture material, polyglycolic acid) passed 
separately to plicate the mucosa from the dentate line 
to the end of the anal mucosal prolapse at 3, 7, and 11 
o’clock positions.

Patients and methods
Th e study was conducted after obtaining approval from 
the local ethical committee of Benha University and 
written fully informed patient consent. It included 
60 children with rectal mucosal prolapse (mean age 
3.6 ± 1.2 years) from Benha University Hospital 
who were suitable candidates for surgery during the 
period between October 2012 and March 2014. 
A prospective, randomized trial was conducted to 
compare surgical treatment outcomes of rectal mucosal 
prolapse in children using the modifi ed Gant–Miwa 
approach (group A; N = 30 cases) with management 
outcomes using the modifi ed Th iersch’s prolene stitch 
(group B; N = 30 cases) (Table 1 and Graph 1); the 

Distribution of cases.

G raph 1
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children being excluded]; and routine preoperative 
laboratory tests such as complete blood count, blood 
sugar level, and renal function tests.

Operative procedures

Both techniques in this study were implemented 
with the child under general anesthesia, in lithotomy 
position. In the modifi ed Gant–Miwa approach 
traction was applied of the rectal mucosa through the 
anus, following Babcock’s method; then three vertical 
stays sutures (absorbable suture material, polyglycolic 
acid) were passed separately to plicate the mucosa from 
the dentate line to the end of the anal mucosal prolapse 
at 3, 7, and 11 o’clock positions; this was followed by 
another mucosal plication using multiple transverse 
separate submucosal stitches that were arranged in lines 
(2-mm intervals) around the artery forceps grasping 
the rectal mucosa without incising the mucosa until the 
rectal mucosa was shortened and reduced; fi nally the 

three stays sutures were tied. All patients undergoing 
this procedure wer e categorized under group A (Fig. 1) 
[18]. In the modifi ed Th iersch’s prolene or nylon stitch 
technique, a 0.5-cm-long vertical incision in the midline 
at 1 cm anterior to the anal verge at 12 o’clock position 
and another 0.5-cm-long incision at 1 cm posterior to 
the anal verge in the skin and subcutaneous tissue at the 
6 o’clock position were made. Th en a zero nylon suture 
attached to a big curved needle (⅓rd circle, 50 mm) was 
introduced into the anterior incision subcutaneously 
backwards around the anal verge on one side, the tip of 
which emerged from the posterior incision. Th e needle 
was pulled out, and introduced into the same incision 
going anteriorly, subcutaneously, around the anal verge 
on the other side of the anus until the needle appeared 
from the anterior incision. Th e suture was tied over 
the terminal phalanx of the little fi nger of the assistant 
and was removed after 1–4 months. All children who 
underwent this procedure were categorized under 
group B (Fig. 2) [11,12,19].

Modifi ed Thiersch’s prolene stitch.

Figure 1

Modifi ed Gant–Miwa appro ach.

Figure 2
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Outcome items

Postoperative outcomes included incidence of anal 
discharge (soiling), as noted by the parents in the 
underwear of the child, constipation – that is, diffi  culty 
in defecation or fecal impaction during the fi rst 6 weeks 
– and recurrence after removal of Th iersch’s stitch after 
4 months.

Statistical analysis

Data wer e analyzed usin g SPSS version 16 (Bristol 
University, Bristol, UK). Qualitative data are presented 
as numbers and percentages and compared between 
groups using Z-tests. P-values greater than 0.05 
were considered insignifi cant; P-values less than 0.05 
were considered statistically signifi cant; and P-values 
less than 0.01 were considered highly statistically 
signifi cant.

Results
Th e basal data of the two groups did not diff er 
signifi cantly. Th is study included 60 children; the 
number of patients was the same in the two groups 
(30 cases in each group) with a mean age of 3.6 
± 1.2 years. Indications for surgery were failed 
conservative measures or complicated partial rectal 
prolapse. Types of reduction of rectal prolapse were 
spontaneous, manual, or irreducible (Table 2 and 
Graph 3). All patients were fi t for surgery. None 
of the patients were lost to follow-up, and data 
collection was complete.

Th e postoperative recurrence rate was signifi cantly 
lower in children of group A [N = 1 case (3.3%)] 
compared with children of group B [N = 5 cases 
(16.6%); P = 0.0002; Table 3 and Graph 4).

Type of reduction of rectal prolapsed.

G raph 3

 Table 2 Types of reduction of partial rectal prolapse

Spontaneous [N (%)] Manual [N (%)] Irreducible [N (%)]

43 (71.7) 13 (21.6) 4 (6.7)

 Table 3 Recurrence rate

Group A [N (%)] Group B [N (%)] t-value P-value

1 (3.3) 5 (16.6) 4.496 0.0002 
(high signifi cance)

 Table 4 Anal discharge assessment by observation

Anal discharge Group A Group B P-value

First 2 weeks 11.3 ± 0.7 3.7 ± 0.2 <0.05 (signifi cant)

After that 2.1 ± 0.3 1.9 ± 0.6 >0.05 (nonsignifi cant)

Anal discharge in group A was signifi cantly higher 

than in group B. Th is was known by observing the 

child’s underwear for soiling, especially during the 

fi rst 2 weeks (anal discharge: 11.3 ± 0.7 vs. 3.7 ± 0.2; 

P<0.05), after which there was no signifi cant diff erence 

between the two groups (2.1 ± 0.3 vs. 1.9 ± 0.6; P>0.05; 

Table 4 and Graph 5).

As regards constipation, there were signifi cantly fewer 

complaints by parents of children in group A compared 

with group B especially during the fi rst week (2.0 vs. 

9.0 cases; P<0.05; Table 5 and Graph 6).

In group A, two patients who developed constipation 

responded well to rectal enema and mild laxatives; 

however, among the nine patients in group B who 

developed constipation, six responded well to rectal 

enema and mild laxatives, whereas three patients did 

not respond to this conservative treatment and required 

their stitch to be opened and redone on a bigger-sized 

fi nger or dilator (Table 6and Graph 7).

Recurrence rate.

G raph 4
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whether or not other pelvic abnormalities are present 
(such as prolapsed bladder). Patients who present 
with a prolapsed rectum should undergo manual 
reduction. Conservative management is appropriate in 
selected patients. Treatment should be directed at the 
underlying cause. After treating the underlying cause, 
conservative management is usually successful. Cases 
of diffi  cult reduction and patients with recurrent 
episodes are less likely to respond to conservative 
measures [16].

Surgical treatment of rectal prolapse has unpredictable 
results, regardless of the approach. Perineal operations 
are safer than abdominal ones but carry a higher 
likelihood of recurrence of the prolapse. Functional 
results probably depend more on the initial severity 
of the disorder than on the type of operation. Surgical 
correction of rectal prolapse should be performed 
through the anus, as this procedure is less stressful on 
the body [20].

Perianal sutures placed subcutaneously and mucosal 
plication all act to create a mechanical barrier to contain 
the prolapse and provoke an infl ammatory response on 
the perirectal tissues to generate a fi brosis rather than a 
toneless sphincter [21,22].

Th e present modifi ed Gant–Miwa procedure by 
three stays sutures (absorbable suture material, that 
is, polyglycolic acid) passed separately to plicate 
the mucosa from the dentate line to the end of the 
anal mucosa at 3, 7, 11 o’clock; that fi nally tied after 
original Gant–Miwa procedure gave more support 
to the rectum that led to improvement; success rate 
(97.8%) in addition to importance of original Gant–
Miwa procedure that induce more broad fi brous ring 
than the Th iersch’s operation with a success rate of 
71–92% [18].

Th e Th iersch’s operation or sling procedure uses 
synthetic materials to create a perianal sling to support 
the rectum. It has a success rate of about 85–93%. 
Th is procedure is a good choice for children because 

 Table 5 Constipation (diffi cult defecation or fecal 
impaction) during the fi rst week

Groups Constipation 
[N (%)]

Total number 
of cases

P-value

Group A 2 (6.6) 30 <0.05 
(signifi cant)

Group B 9 (30) 30

 Table 6 Constipation management

Groups Group A [N (%)] Group B [N (%)]

Conservative 2/2 (100) 6/9 (66.7)

Surgical redo 0/2 (0) 3/9 (33.3)

Anal discharge assessment by observation.

G raph 5

Constipation (diffi cult defecation) during the fi rst week.

G raph 6

Constipation managem ent.

G raph 7

Discussion
Treatment depends on many individual factors, such 
as the age of the person, the severity of prolapse, and 
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it can be done with self-absorbing sutures to provide 
temporary relief of symptoms until the base pathology 
is managed [23].

Perianal sutures of Th iersch’s operation provoke an 
infl ammatory response on the perirectal tissues to 
generate a narrow fi brous ring; therefore, it is considered 
a palliative procedure as it does not cure the prolapse 
itself. In contrast, the modifi ed Gant–Miwa procedure 
cures the prolapse with good functional results, and 
with overall patient satisfaction [24].

Both procedures can be performed with minimal 
morbidity and short hospital stay, often in an 
outpatient setting, with no mortality and almost no 
serious complications [21,22].

Conclusion
Th e present study concluded that the modifi ed 
Gant–Miwa operation is a successful approach 
in children with rectal mucosal prolapse who are 
nonresponders to conservative treatment to decrease 
early postoperative morbidity, especially constipation 
and recurrence, to a great extent (P = 0.0002) during 
the follow-up period compared with modifi ed 
Th iersch’s stitch. Th us, incidences of surgical redo 
due to complications were also fewer, although the 
modifi ed Gant–Miwa approach was associated with 
more anal discharge especially during the fi rst 2 
we eks.
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Introduction
Carcinoid tumors are an uncommon group of 
pulmonary neoplasms. Th ey tend to grow slower 
than other types of lung cancers. Th ey are made up of 
special kind of cells called neuroendocrine cells, which 
in some respect are like nerve cells and in other ways 
like cells of endocrine (hormone-producing) glands. 
Th ese cells are scattered throughout the body and can 
be found in diff erent organs, for instance lung, stomach 
and intestine. Uncontrolled growth of these cells leads 
to the development of carcinod tumors. Pulmonary 
carcinoid tumors represent 10% of all carcinoid tumors 
and 1–2% of all lung tumors [1].

It arises from Kultchisky Amine Precursor 
Uptake Decarboxylation ( APUD) cells in the 
bronchial epithelium. Carcinoid tumors are divided 
histopathologically into typical carcinoid tumors and 
atypical carcinoid tumors. Typical carcinoid tumors 
are the least malignant and the most indolent of the 
spectrum of pulmonary endocrine tumors that include 
atypical carcinoid tumors, large-cell undiff erentiated 
carcinoma and small-cell carcinoma (most malignant). 
Typical carcinoids and atypical carcinoids are 
distinguished by their histologic features. Both tumors 
consist of small nests or interconnecting trabeculae of 
uniform cells separated by a prominent vascular stroma 

and numerous thin-walled blood vessels. In terms of 
histological features predictive of prognosis, typical 
carcinoids show no evidence of necrosis and less than 
two mitoses per 10 high-power fi elds (HPFs), whereas 
atypical carcinoids have areas of necrosis or 2–10 
mitoses per 10 HPF [2].

Th e carcinoid syndrome occurs in ∼10% of carcinoid 
tumors [3] and manifests when vasoactive substances 
from the tumors enter the systemic circulation escaping 
hepatic degradation. Th is is the case when carcinoid 
tumors metastasize to the liver or they arise for example 
in the bronchus. Th ese tumors release too much of 
the hormone serotonin and several other chemicals 
that cause the blood vessels to open (dilate) [4]. Th e 
most important clinical fi nding is fl ushing of the skin, 
usually of the head and the upper part of the thorax [5]. 
Diarrhea and abdominal cramps are also characteristic 
features of the syndrome. When the diarrhea is 
intensive, it may lead to electrolyte disturbance 
and dehydration. Other associated symptoms are 
nausea and vomiting. Bronchoconstriction aff ects a 
smaller number of patients and often accompanies 
fl ushing. Th e presence of carcinoid syndrome or other 
paraneoplastic syndromes in the absence of lymph 
node or distant metastases does not seem to aff ect the 
prognosis adversely [6].

Carcinoid lung tumors
Waleed M. Hussen, Abdulameer M. Hussein

Background
Carcinoid lung tumor is a low-grade malignant neoplasm. They tend to grow slower than other 
types of lung cancers. They are made of special kinds of cells called neuroendocrine cells.
Aim
To study cases of carcinoid lung tumor admitted, evaluated and surgically managed at the 
Department of Thoracic Surgery of the Medical City Teaching Hospital in Baghdad, Iraq.
Patients and methods
This is a retrospective and comparative study of 18 patients with pulmonary carcinoid tumors 
admitted to the Thoracic Department of the Medical City Teaching Complex during 15 years 
(1996–2010). Their ways of presentation, radiological fi ndings, bronchoscopic appearance 
and modalities of surgical resection were evaluated.
Results
Ten of the patients were female and eight were male. Their age ranged between  20 and 58 
years. Cough and shortness of breath were the most common symptoms. Imaging studies were 
mostly of collapsed lobe or lung. All the patients underwent bronchoscopy, the appearance of 
which was diagnostic, but biopsy ended with severe bleeding controlled with diffi culty. All the 
patients underwent successful pulmonary resection.
Conclusion
Surgery offers the most fruitful outcome in pulmonary carcinoid tumor.
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Patients and methods
Eighteen patients with pulmonary carcinoid tumor 
were admitted, evaluated and managed successfully in 
the Th oracic and Vascular Department of the Medical 
City Teaching Complex during a 15-year period.

After full history taking and detailed physical 
examination, all patients were sent for plain chest 
radiography and computed tomography (CT) 
imaging. All patients underwent rigid bronchoscopy 
under general anesthesia, and the typical appearance 
of the lesion was documented. After full preoperative 
preparation, these patients underwent formal 
posterolateral thoractomy, and the collapsed lobe or 
lung was resected. Patients had a smooth postoperative 
course, and were discharged in a good condition. 
Patients were followed up during the following years 
and no recurrence was observed.

A special formula was used to divide patients with regard 
to the age of presentation, sex, clinical presentation, 
radiological fi ndings, bronchoscopic appearances and 
methods of surgical treatment.

Results
Ten of our patients were female (55.55%) and eight 
patients were male (44.44%).

Th e youngest patient was a 25-year-old woman, the 
oldest being a 58-year-old man. Th e majority of the 
patients (eight cases) were between 20 and 30 years 
old; the distribution of these patients with regard to 
age and sex is shown in Fig. 1.

Most of the patients presented with cough (75%), 
shortness of breath or recurrent wheezy chest (50%) 

and recurrent chest infection (32.5%). Hemoptysis 
was seen in four patients (22%). Carcinoid syndrome 
was so rare that it was seen in only one female 
patient who presented with pyrexia, facial fl ushing, 
tachycardia, night sweat and diarrhea. Th e 24-h urine 
level of 5-hydroxy indoleacetic acid, the end product 
of serotonin metabolism, which is specifi c to carcinoid 
tumors, was not available in our laboratories at the 
time of this study.

Chest radiography was performed for all the patients 
as the primary imaging modality; Table 1 shows the 
radiological fi ndings of these cases.

CT was performed in all of the patients, which showed 
an endobronchial tumor mass localized to one lobe, 
two lobes or to the main bronchus, which coincides 
with the fi ndings of chest radiography.

Rigid bronchoscopy under general anesthesia was 
performed in all of the patients, and the characteristic 
bronchoscopic appearance of a cherry-red-colored, 
smooth, polypoid, vascular tumor that bleeds easily and 
profusely was seen in almost all the patients. Biopsy 
was performed in three patients, followed by severe 
bleeding that was controlled with diffi  culty. In two of 
these patients, bronchoscopic resection was performed, 
and the severe bleeding that followed was controlled 
effi  ciently but with diffi  culty. In these patients, the 
asymptomatic period lasted for about 2 years followed 
by recurrence that necessitated surgical resection of the 
involved lobe or lung.

Preoperative assessment for fi tness for general anesthesia 
with regard to the blood investigation and pulmonary 
function tests were performed so that all the patients 
were in the optimum condition before surgery.

Surgery was performed for all the patients under study by 
the formal posterolateral thoracotomy, and the aff ected 
parts of the lung (lobe, lobes or lung) were resected and 
sent for histopathological confi rmation. Th e modalities 
of the surgical resection are illustrated in Table 2.

All the patients ran an uneventful postoperative course 
with only mild wound infection in two patients, which 
was treated conservatively. No mortality was observed.

Age and sex distribution of patients.

Figure 1

 Table 1 Chest radiograph fi ndings

Findings n (%)

Collapsed left lung 7 (38.88)

Collapsed left upper lobe 3 (16.66)

Collapsed right middle and lower lobe 3 (16.66)

Collapsed right upper lobe 2 (11.11)

Collapsed right lung 2 (11.11)

Collapsed right middle lobe 1 (5.55)
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Th e histopathological report obtained in 17 patients 
confi rmed the mass to be a carcinoid tumor with a 
 tumor-free resected margin, and the excised lymph 
nodes were  tumor free; in only one female patient 
with a preoperative attack of carcinoid syndrome, the 
histopathology turned out to be an atypical carcinoid 
tumor of intermediate grade, and this is the only patient 
who was referred to the oncologist for consideration of 
postoperative radiotherapy.

Most of the patients were symptom free during 
the follow-up period, with only two of them lost to 
follow-up.

Discussion
Carcinoid tumors are uncommon low-grade 
malignancies, most commonly seen in the 
gastrointestinal tract, with the lung being the second 
most common site [7].

Th e small number of patients confi rmed that it is an 
uncommon condition, and this coincides with others 
studies by Hamid et al. [8] who reported 21 patients 
with pulmonary carcinoid, and Akiba et al. [9] who 
reported 32 patients.

Female patients were aff ected more often than male 
patients in our study, with a ratio of 1.25 : 1, and this 
coincides with some studies [10], but is in contradiction 
to other studies reporting a higher incidence among 
men [9], whereas Hamid et al. [8] reported equal sex 
incidence.

Th e majority of our patients 13 (72.2%) presented 
between 20 and 40 years of age, which coincides with 
other studies [8,11].

Cough, dyspnea and hemoptysis were the most 
common symptoms, and this coincides with other 
studies [8,12].

Chest radiography was performed in all the patients, 
and all of the patients have the abnormal fi nding 
of collapsed lobes or lung, whereas Hamid et al. [8] 
described an abnormal chest radiograph in only 16 
patients out of 21 patients (76.2%).

Th e CT fi ndings showed an intrabronchial mass 
localized to a lobe or to a main bronchus associated 
with collapsed consolidation of the aff ected area of the 
lung with no pleural eff usion or infi ltration.

Bronchoscopy was the main tool of diagnosis, with 
the typical bronchoscopic appearance of the carcinoid 
tumor obstructing the left main bronchus or the left 
upper lobe in 10 (55.5%) out of 18 patients. Other 
studies showed the right main bronchus to be 
predominately aff ected [8]. Ronchod and Levine [13] 
reported that the right middle lobe is the most 
commonly aff ected.

Bronchoalveolar lavage fails to confi rm the presence 
of malignant cells, which is in agreement with other 
studies [8,13]. Th e biopsy performed in three patients 
was confi rmatory to the presence of carcinoid tumor, 
but was unfortunately followed by severe bleeding 
that was controlled with diffi  culty in contradiction 
to the study conducted by Hamid et al. [8] in which 
endobronchial biopsy was the mainstay of diagnosis.

Surgery was the mainstay of treatment with aggressive 
resection as pneumnectomy was performed in nine 
out of 18 patients (50%), left pneumnectomy in seven 
and right pneumnectomy in two patients, followed by 
lobectomy in six patients and bilobectomy in three 
patients.

A lobectomy was the main surgical procedure in other 
work [14,15].

In contrast to our radical resection, Ismail et al. [14] 
adopted the policy of parenchyma-sparing or tissue-
saving operations as the treatment of choice for carcinoid 
in 29 out of 83 patients (34.9%), whereas Elhassani’s 
personal experience in the surgical management of 
carcinoid tumor consisted of bronchotomy or sleeve 
resection of the bronchus whenever possible, and 
lobectomy or pneumonectomy if there was tumor 
extension to the lung parenchyma, if the lesion has 
caused permanent irreversible pulmonary suppuration 
and if there was intrathoracic nodal involvement [15]. 
Harpole et al. [11] did not recommend bronchoscopic 
resection, as this procedure was followed by recurrence 
of the tumor in two cases in their study.

Postoperative complications were seen only in two 
patients in the form of wound infection.

Th e recent use of endobronchial ultrasound in the 
diagnosis of peripheral pulmonary carcinoid tumors 
has been reported by Steinfort et al. [16] emphasizing 
the high diagnostic rate and very low incidence of 
adverse events; however, this facility is not available in 
our center currently.

 Table 2 Types of pulmonary surgical resection

Type of surgery n (%)

Left pnemonectomy 7 (38.88)

Left upper lobectomy 3 (16.66)

Right middle and lower lobectomy 3 (16.66)

Right upper lobectomy 2 (11.11)

Right pnemonectomy 2 (11.11)

Right middle lobectomy 1 (5.55)
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All our patients showed complete recovery with no 
mortality.

Conclusion
Early detection of bronchial carcinoid tumor using 
endobronchial ultrasound or future tumor markers, a 
more conservative surgical procedure such as sleeve 
resections or wedge resections, can be adopted with the 
hope of saving more healthy lung tissues.
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Introduction
Th e parotid gland is the most common site for salivary 
tumors. Most tumors arise in the superfi cial lobe and 
present as slow-growing, painless swellings below 
the ear, in front of the ear, or in the upper aspect of 
the neck. Less commonly, tumors may arise from the 
accessory lobe and present as persistent swellings 
within the cheek. Rarely, tumors may arise from the 
deep lobe of the gland and present as parapharyngeal 
masses [1–3].

Symptoms include diffi  culty in swallowing and snoring. 
Clinical examination reveals a diff use fi rm swelling in 
the soft palate and tonsil. Some 80–90% of tumors of 
the parotid gland are benign, the most common being 
pleomorphic adenoma [4–6].

All tumors of the superfi cial lobe of the parotid gland 
should be managed by superfi cial parotidectomy. Th ere 
is no role for enucleation, although a benign lesion is 
suspected. Th e aim of superfi cial parotidectomy is to 

remove the tumor with a cuff  of normal surrounding 
tissue [7–9].

Superfi cial parotidectomy is the commonest procedure 
for parotid gland pathology, but total conservative 
parotidectomy is performed if the mass involves the 
deep lobe or with low-grade carcinoma. Surgery is 
performed under endotracheal general anesthesia, 
which may or may not be accompanied by hypotensive 
anesthesia to facilitate dissection, improve the visual 
surgical fi eld, and reduce blood loss [10–12].

Conservative parotidectomy is an eff ective and 
well-established technique for the treatment 
of parotid gland pathology, but there are many 
complications such as visible scars, bleeding, parotid 
leak, retromandibular depression, Frey’s syndrome, 
and facial nerve injury, which is the most annoying 
complication [13].

Parotid surgery has always been engaged with facial 
nerve dissection, trauma, and reconstruction. Around 

Functional outcomes of superfi cial and conservative total 
parotidectomy: a 4-year experience from Benha, Egypt
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Purposes
The aim of this study was to fi nd out the frequency of the functional outcomes related to 
superfi cial and conservative total parotidectomy.
Background
Functional outcomes especially facial nerve injury and Frey’s syndrome during parotid surgery 
represent annoying problem, as it is associated with cosmetic problems and multiple physician 
visits; ‘to minimize these outcomes’ remains in question.
Patients and methods
The study included 52 patients; 6 (11.5%) were below 35 years of age, 28 (53.8%) were between 
35 and 50 years of age, and 18 (34.7%) were above 50 years of age. All patients underwent 
clinical evaluation, laboratory assessment, ultrasound, computed tomography scan, and  MRI 
examination. All patients underwent either superfi cial or conservative total parotidectomy.
Results
In this study, immediately postoperatively, facial nerve injury was observed in 20 patients; in 
this series, 14 (70%) developed temporary facial palsy, whereas 6 (30%) developed permanent 
facial paralysis. Cervical branch was the most commonly injured nerve 8 (40%). Symptomatic 
Frey’s syndrome was observed in 5 (9.6%), and parotid leak was observed in 11 (27.5%); all 
were observed in superfi cial parotidectomy as sialocele in 5 (12.5%), glandular fi stula in 4 
(10%), and ductal fi stula in 2 (5%).
Conclusion
Facial nerve injury is more common in total conservative parotidectomy than in superfi cial 
parotidectomy. Early detection of nerve injury is quite helpful to reduce the facial deformity 
by early reconstruction and other procedures. However, parotid leak is only observed in 
superfi cial parotidectomy; most of this leak can be managed conservatively except ductal 
fi stula. Symptomatic Frey’s syndrome is more common in superfi cial parotidectomy.
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5–7% of the parotid masses are malignant and some of 
them have the possibility of perineural invasion [14].

Th e facial nerve is a very important nerve that exits 
through the skull base below the ear lobule and travels 
through the parotid gland, separating it into superfi cial 
and deep lobes. Th e hazardous course of the facial 
nerve through the parotid has evoked considerable risk 
for nerve injury [15].

Th e incidence of symptomatic Frey’s syndrome after 
superfi cial parotidectomy is 10–48% [16]. Many 
techniques have been tried to reduce the incidence 
of Frey’s syndrome. In all the surgical methods, the 
aim is based on forming a barrier between the sweat 
glands in the skin and the postganglionic nerve fi bers 
lying open – that is, the sternocleidomastoid muscle 
fl ap [17], the temporoparietal fascia fl ap [18], and 
politetrafl oroetilen [19].

Parotid leak includes fi stula or sialocele; parotid fi stula 
is a communication between the skin and a salivary 
duct or gland, through which saliva is discharged. In 
glandular fi stulas, discharge is less and tends to heal 
spontaneously with conservative treatment, whereas 
ductal fi stulas continuously discharge saliva and 
spontaneous healing is very rare [20].

However, sialocele is a collection of saliva beneath the 
skin that may lead to swelling over or adjacent to the 
parotid gland and may occur if the duct leaks but no 
fi stula forms. Th is may also result when the glandular 
substance of the parotid is disrupted but the parotid 
duct is intact. Th is condition usually resolves with 
intermittent aspiration and compression and rarely 
requires drain placement [21].

Patients and methods
After local ethical committee of Benha university 
approval and obtaining written fully informed patients 
consent, the current study was conducted at General 
surgery Department, Benha University Hospital from 
January 2010 to December 2013 so as to allow 6 months 
follow-up period for the last case operated on. Th is 
prospective randomized controlled study was conducted 
on 52 patients diagnosed with parotid gland swelling, 
32 (61.5%) women and 20 (38.5%) men with age strata; 
most patients were aged between 35 and 50 years.

All patients presenting were subjected to detailed 
clinical evaluation, laboratory assessment, ultrasound, 
computed tomography scan, and MRI examination.

Inclusion criteria in this study included patients fi t 
for general anesthesia. Exclusion criteria in this study 

included previous parotid gland surgery, facial nerve 
palsy, or irresectable parotid gland swelling.

All patients underwent either superfi cial or conservative 
total parotidectomy. Postoperative follow-up was 
6 months.

Operative procedure
Oral endotracheal anesthesia is essential; the patient is 
placed in the supine position. Th e head is extended by 
elevating the shoulders and rotated to the contralateral 
side, draping the head separately from the body. 
Exposure (and protection) of the eye, cheek, and mouth 
in the operative fi eld, as well as the endotracheal tube 
and its connections is ensured. Muscle relaxants are 
not appropriate, such that nerve stimulation may be 
conducted intraoperatively.

Skin incision is initiated anterior to the ear just 
above the tragus. It is carried inferiorly to the level of 
the lobule and then angled posteriorly under the lobule 
and directed anteriorly for a suitable distance in the 
upper neck.

Th e incision is carried out through skin and subcutaneous 
tissue, developing the plane between the cartilaginous 
external canal and the posterior aspect of the gland. 
Allis clamps on subcutaneous tissues provide traction 
of the fl aps. Th e sternomastoid muscle is identifi ed and 
its anterior border exposed as the tail of the gland is 
dissected and refl ected away from the muscle. Sacrifi ce 
of the greater auricular nerve is expected unless its 
course meanders to the mastoid process. Dissection 
is continued in this plane, incising attachments to the 
mastoid, until the posterior belly of the digastric muscle 
is visualized below the digastric groove. Th e anterior 
fl ap is elevated in the plane of the parotid capsule; with 
the concern that terminal branches of the facial nerve 
are at risk, the dissection should continue beyond the 
anterior margin of the gland. Th e facial nerve must be 
thereafter identifi ed just distal to its emergence from 
the stylomastoid foramen. A variety of landmarks have 
been described that facilitate the exposure of the main 
trunk, such as the cartilaginous part of the external 
canal and the tympanomastoid sulcus. When the 
volar aspect of the fi fth fi nger is placed deeply on the 
junction of cartilaginous and bony external auditory 
canal and wedged against the bone cephalad, the main 
trunk is found below the inferior border of the fi nger, 
a few millimeters above the exposed superior border of 
the posterior belly of the digastric muscle as it enters 
its groove in the mastoid bone.

Good traction on the refl ected parotid tissue is essential, 
as a clamp (fi rst curved but after exposure of the facial 
nerve, straight clamp) is used to elevate and incise the 
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overlying tissue in layers. Meticulous hemostasis and 
good illumination are essential. A small arterial branch 
often located just lateral to the nerve must be identifi ed 
and ligated. With careful layer-by-layer dissection and 
knowledge of the anatomy, a nerve stimulator is often 
unnecessary. Minor twitching of the facial muscles due 
to mechanical stimulation of the facial nerve is likely 
in nonparalyzed patient, which can be of assistance in 
the dissection. Neurologic injury to CN  VII can result 
from desiccation, as well as from mechanical trauma; 
the former is easily avoided if moist sponges are applied 
during the dissection.

A single closed suction drain is brought out by a 
separate stab wound; fi ne sutures are used for a layered 
closure. A pressure dressing is not needed. Th e suction 
drain can often be removed by day 3–5 postoperatively. 
Bedside assessment of facial nerve function after the 
patient awakens from anesthesia is appropriate.

Th e conduct of a routine conservative total 
parotidectomy, tumor extension deep to the main 
trunk or one of its branches, may require a major 
intraoperative decision. All major nerve branches 
should be fully exposed before tumor removal 
is attempted. Th is maneuver is accomplished by 
elevation and gentle retraction of the overlying nerves. 
With presentations of abutment below the main 
trunk or smaller distal branches, nerve displacement 
inferiorly and superiorly abets tumor resection. 
When a deep tumor involves the isthmus, excision 
is usually achieved by retracting the upper CN VII 
division superiorly and the lower division inferiorly. 
Apraxia of CN VII due to stretching is common in 
this situation [22–24].

Outcome items

Postoperative follow-up was performed for functional 
outcomes of the parotid gland surgery, which included 
facial nerve injury (i.e., by asking patient to raise his 
eyebrow by frontalis muscle, close his eye by orbicularis 
oculi muscle, blow his cheek by buccinator muscle, 
show his teeth by retractor anguli oris muscle, and 
whistle by orbicularis oris muscle), symptomatic Frey’s 
syndrome (i.e., gustatory sweating, during meals the 
cheek becomes sweaty, red, and hot), and parotid leak 
(i.e. sialocele or fi stula) that was classifi ed by the injury 
classifi cation system into three regions: (a) posterior to 
the masseter or intraglandular (site A), (b) overlying 
the masseter (site B), and (c) anterior to the masseter 
(site C) [25].

None of the patients were lost to follow-up, and data 
collection was complete.

Statistical analysis
Analysis of data was performed using  SPSS, version 
16 (Bristol University, Bristol, UK). Quantitative data 
were presented as mean and SD and were analyzed 
using one-way analysis of variance test. Qualitative 
data were presented as numbers and percentages and 
were analyzed usin g the χ2 and Fisher exact tests. 
P-value less than 0.05 was considered signifi cant, 
whereas P-value less than 0.01 was considered highly 
signifi cant. However, P-value greater than 0.05 was 
considered insignifi cant.

All data were recorded in Fig. 1.

Results
Th e study included 52 patients, 32 (61.5%) women and 
20 (38.5%) men with age strata; most patients were 
aged between 35 and 50 years. Th ey were diagnosed 
with parotid gland swelling located in superfi cial lobe 
in 46 (88.5%) patients and in deep lobe in 6 (11.5%) 
patients. All patients were fi t for surgery confi rmed by 
American Society of Anesthesiologists grade  (ASA):  
ASAI [n = 36 (69.2%)],  ASAII [n = 10 (19.3%)], and  
ASAIII [n = 6 (11.5%)] (Table 1).

Patients underwent either superfi cial parotidectomy in 
40 (76.9%) cases with a mean operative time of 1.2 ± 
0.3 h or total conservative parotidectomy in 12 (23.1%) 
cases with a mean operative time of 2 ± 0.2 h (Table 2). 
No intraoperative complications or mortality were 
recorded.

Th e site of tumor origin was in the lower pole, 34 
(65.3%); middle of the gland, 12 (23.2%); or the 
upper pole, 6 (11.5%). Th e mean tumor diameter was 
3.6 ± 0.7 cm. Th irty-two patients had pleomorphic 

Table 1 Preoperative data

Data Findings 
[n (%)]

Age (years)

Below 35 6 (11.5)

Between 35 and 50 28 (53.8)

Above 50 18 (34.7)

Sex

Female 32 (61.5)

Male 20 (38.5)

American Society of Anesthesiologists grade (ASA)

ASAI 36 (69.2)

ASAII 10 (19.3)

ASAIII 6 (11.5)

Location

Superfi cial lobe 46 (88.5)

Deep lobe 6 (11.5)

Data are presented as number; ranges and percentages 
are in parentheses.
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adenoma; surgical margin showed microscopic 

infi ltration in 2 (3.9%) patients. Th ree patients (5.7%) 

showed perineural invasion and six patients (11.5%) 

showed vascular invasion. Seven patients (13.4%) had 

histologically positive lymph node metastases in the 

resection specimen (Table 3).

Th e frequency of postoperative functional 

outcomes — that is, facial nerve injury (N = 20) was: 14 

patients had temporary facial palsy – 8/40 (20%) patients 

in superfi cial parotidectomy and 6/12 (50%) patients 

in total conservative parotidectomy (P = 0.004) — 

and six patients had permanent facial paralysis after 

6 months follow-up that was in need for grafting: 2/40 
(5%) patients in superfi cial parotidectomy and 4/12 
(33.3%) patients in total conservative parotidectomy 
(P = 0.002). However, symptomatic Frey’s syndrome 
was observed in fi ve patients: 4/40 (10%) patients in 
superfi cial parotidectomy and 1/12 (0.8%) patients in 
total conservative parotidectomy (P = 0.125) (Table 4).

Th e distribution of diseases with respect to facial nerve 
injury was: epidermoid carcinoma was associated with 
the highest percentage of facial nerve injury, 2/2 (100%), 
followed by mucoepidermoid carcinoma, 4/6 (66.6%); 
however, chronic sialadenitis was not associated with 
facial nerve injury (Table 5).

With respect to the frequency of postoperative 
diff erent branches of facial nerve injury following 
surgery, cervical branch was the most common injured, 
8/20 (40%), and the main trunk injury was observed 
in 2/20 (10%); however, no injury was observed in the 
temporal and zygomatic branches (Table 6).

(a) Skin incision marking, (b) drapes, (c) incision, (d) the skin fl ap dissection until the anterior border of parotid, (e) parotid is dissected from 
the external auditory canal and anterior border of SM muscle, (f) identifi cation of facial nerve trunk, (g) straight mosquito forceps is used to 
separate facial nerve branches, (h) parotid duct identifi cation and ligation, (i) skin closed and a drain is left behind. SM, sternomastoid .

a b c

d

f

h

e

g

i

Figure 1

 Table 2 Operative data

Types of parotid surgery Procedure in Operative 
time (h)

Superfi cial parotidectomy 40 (76.9) 1.2 ± 0.3

Total conservative parotidectomy 12 (23.1) 2 ± 0.2

Data are presented as mean+SD and number; ranges and 
percentages are in parentheses.
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Th e incidence of postoperative functional 

outcomes — that is, parotid leak [N = 11 (27.5%)]: 

all cases were observed in superfi cial parotidectomy 

only as sialocele in 5 (12.5%) patients and as parotid 

fi stula — glandular type in 4 (10%) patients and ductal 

type in 2 (5%) patients (Table 7).

Parotid leak (i.e. sialocele or fi stula) was classifi ed by 

the injury classifi cation system into three regions: 

posterior to the masseter or intraglandular (site A), 

7 (17.5%) patients; overlying the masseter ‘site B’, 

3  (7.5%) patients; anterior to the masseter ‘site C’, 1 

(2.5%) patient [25] (Table 8).

Finally, patients with parotid leak were treated 
conservatively, except ductal parotid fi stula in 2 (5%) 
patients, which was treated by surgical reconstruction.

Discussion
Parotidectomy has been classically performed through 
a bayonet-shaped incision without parotid bed 

 Table 3 Pathological data of excised specimens

Data Findings

Site

Lower pole 34 (65.3)

Middle of the gland 12 (23.2)

Upper pole 6 (11.5)

Size (cm)

Diameter in its longest axis 3.6 ± 0.7

Histological types

Pleomorphic adenoma 32 (61.5)

Mucoepidermoid carcinoma 6 (11.5)

Warthin’s tumor 6 (11.5)

Acinic cell tumor 4 (7.7)

Epidermoid carcinoma 2 (3.9)

Chronic sialadenitis 2 (3.9)

Surgical margin invasion

Yes 2 (3.9)

No 50 (96.1)

Perineural invasion

Yes 3 (5.7)

No 49 (94.3)

Perivascular invasion

Yes 6 (11.5)

No 46 (88.5)

Lymph node status

Positive 7 (13.4)

Negative 45 (86.6)

Data are presented as mean+SD and number; ranges 
and percentages are in parentheses.

 Table 4 Types of nerve injury, facial (N = 20) or 
auriculotemporal (N = 5)

Type of nerve 
injury 

n (%) P-value

Superfi cial 
parotidectomy 

(N = 40)

Total 
conservative 

parotidectomy 
(N = 12)

Temporary facial 
palsy

8 (20) 6 (50) 0.004

Permanent facial 
paralysis after 
6 months (for 
grafting)

2 (5) 4 (33.3) 0.002

Symptomatic Frey’s 
syndrome

4 (10) 1 (0.8) 0.125

 Table 5 Distribution of diseases with respect to facial nerve 
injury (N = 52)

Nature of the disease Patients Facial nerve 
injury

Pleomorphic adenoma 32 (61.5) 10 (31.2)

Mucoepidermoid carcinoma 6 (11.5) 4 (66.6)

Warthin’s tumor 6 (11.5) 2 (33.3)

Acinic cell tumor 4 (7.7) 2 (50)

Epidermoid carcinoma 2 (3.9) 2 (100)

Chronic sialadenitis 2 (3.9) 0 (0)

Total 52 (100) 20 (38.4)

Data are presented as number; ranges and percentages 
are in parentheses.

 Table 6 Different branches of facial nerve injury following 
surgery (N = 20)

Types Branches N (%)

Single branch Temporal 0 (0)

Zygomatic 0 (0)

Buccal 2 (10)

Mandibular 4 (20)

Cervical 8 (40)

Multiple branches Zygomatic and buccal 2 (10)

Mandibular and cervical 2 (10)

Main trunk All 2 (10)

Data are presented as number; ranges and percentages 
are in parentheses.

 Table 7 Incidence of parotid leak (N = 11)

Parotid leak Superfi cial 
parotidectomy 

(N = 40)

Total conservative 
parotidectomy 

(N = 12)

Sialocele 5 (12.5) 0 (0)

Parotid fi stula

Glandular 4 (10) 0 (0)

Ductal 2 (5) 0 (0)

Data are presented as number; ranges and percentages are in 
parentheses.

 Table 8 Distribution of parotid leak by the injury 
classifi cation system (N = 11)

Parotid leak Superfi cial 
parotidectomy 

(N = 40)

Site A: posterior to masseter or intraglandular 7 (17.5)

Site B: overlying the masseter 3 (7.5)

Site C: anterior to the masseter 1 (2.5)

Data are presented as number; ranges and percentages 
are in parentheses.
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reconstruction. Th is approach allows quick and wide 
access for dissection of the facial nerve and eases 
parotid gland removal [26].

To fi nd the facial nerve in parotid surgery, we have 
used the anatomical landmarks, and in the case of 
any diffi  culty electrical intraoperative stimulation and 
monitoring the nerve function had to be used. Th ere are 
cases in which such facilities are not advanced enough 
to fi nd the main nerve trunk; therefore, a change in 
the method toward fi nding the peripheral branches 
and exploring the nerve backward to the mass has to 
be established. Th is technique and approach will bring 
about the condition to perform a satisfying oncologic 
surgery and a surgical fi eld for preservation and/or repair 
of a traumatized facial nerve. In the cases of suspicious 
perineural invasion, the nerve has to be traced into the 
mastoid area to eradicate the malignant progression 
and fi nd an intact proximal end for reconstruction and 
anastomosis [27].

Parotid malignancies are not common, consisting 3–4% 
of all head and neck malignancies [28]. However, two 
main conceptions have to be kept in mind for those 
who are involved in the surgery of the parotid gland. 
First of all, the best survival is in the hands of the 
fi rst surgeon. He or she has to be quite aware of the 
possibility of perineural invasion [29,30], which has a 
serious impact on the type of surgery.

In this present series, 52 cases of parotid gland 
surgery were studied. Of these 52 cases, 20 patients 
developed facial nerve palsy immediately after 
operation, whereas fi ve patients developed 
symptomatic Frey’s syndrome. Th ese patients were 
followed up for 6 months after surgery and re-
evaluated the status of nerve palsy to detect whether 
it was temporary or permanent palsy. Th e results 
obtained in this series were compared with other 
national and international studies.

In our series, of the 52 cases studied, superfi cial 
parotidectomy was performed in 40 (76.9%) patients. 
Of them, facial nerve injury was noted in 10 (25%) 
patients. Of these 10 cases of facial nerve injury, eight 
(20%) patients had temporary palsy and two (5%) 
patients had permanent palsy even after follow-up 
of 6 months. Th is study is consistent with the study 
conducted by Rhman and colleagues who mentioned 
that, of the 30 cases studied, superfi cial parotidectomy 
was performed in 23 (76.67%) patients. Of them, 
facial nerve injury was noted in six (26.08%) patients. 
Of these six cases of facial nerve injury, fi ve (21.73%) 
patients had temporary palsy and one (4.34%) 
patient had permanent palsy even after follow-up of 
1 year [13].

Total conservative parotidectomy was performed in 
12 (23.1%) patients. Of them, facial nerve injury was 
noted in 10 (83.3%) patients; of these 10 cases of 
facial nerve injury, six (50%) patients had temporary 
palsy and four (33.3%) patients had permanent 
palsy even after follow-up of 6 months. Th is study is 
consistent also with the study conducted by Rhman 
and colleagues who mentioned that, of the 30 cases 
studied, superfi cial parotidectomy was performed in 
7 (23.3%) patients. Of them, facial nerve injury was 
noted in fi ve (71.4%) patients. Of these fi ve cases of 
facial nerve injury, three (60%) patients had temporary 
palsy and two (40%) patients had permanent palsy 
even after follow-up of 1 year [13]. Th e diff erence of 
facial nerve injury between superfi cial parotidectomy 
and total conservative parotidectomy is statistically 
signifi cant (P < 0.05).

In a study, it is mentioned that temporary facial nerve 
palsy occurred in all (26.67%) and in one or two 
branches (18.88% of the facial nerve). Th e permanent 
total paralysis occurred in 10% of the patients and 
branches were injured in 3.3% of the patients [31]. 
Here, we found that the main trunk injury was observed 
in 2/20 (10%); however, no injury was observed in the 
temporal and zygomatic branches. Hence, the result is 
not similar to the above study.

Th e branch of the facial nerve that is most at risk 
for injury during parotidectomy is the marginal 
mandibular branch [32]. In our study, we found that 
cervical branch was the most common injured, 8/20 
(40%). Hence, the result is not comparable with the 
above study.

In a series in case of parotid tumor, superfi cial lobe was 
involved in 63.7% of the patients, whereas the deep 
lobe was involved only in 10% of the patients [33]. In 
another series, 90.91% of the patients had pleomorphic 
adenoma in their superfi cial lobe [13]. In our study, 32 
(61.5%) patients had pleomorphic adenoma. Hence, 
this study is consistent with the fi rst study.

In a study, Tsai et al. [34] mentioned that, in case of 
parotid tumors, 85% are benign tumors and only 12% 
are the malignant ones. However, in our study, we found 
that 73% were benign and only 23.1% were malignant.

Th e incidence of Frey’s syndrome after parotidectomy has 
been reported to be 10–15% [35]. In our study, 5 (9.6%) 
patients presented with Frey’s syndrome; most of them 
were observed in superfi cial parotidectomy, 4/40 (10%) 
(P = 0.125). Th is result is not similar to the above study.

Th e incidence of postoperative functional outcomes – 
that is, parotid leak [N = 11 (27.5%)]: all cases were 
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observed in superfi cial parotidectomy only as sialocele 
in 5 (12.5%) patients and as parotid fi stula — glandular 
type in 4 (10%) patients or ductal type in 2 (5%) 
patients. Only ductal parotid fi stula was in need for 
surgical reconstruction. Th is result was mentioned by 
Srinidhi et al. [36].

Conclusion
Facial nerve injury is more common in total conservative 
parotidectomy than in superfi cial parotidectomy. Early 
detection of nerve injury is quite helpful to reduce 
the facial deformity by early reconstruction and other 
procedures. However, parotid leak is only observed 
in superfi cial parotidectomy; most of this leak can 
be managed conservatively except ductal fi stula. 
Symptomatic Frey’s syndrome is more common in 
superfi cial parotidectomy.
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Introduction
Obscure gastrointestinal bleeding ( OGIB) is 
defi ned as bleeding of unknown origin that persists 
or recurs after an initial negative panendoscopic 
evaluation, including oesophagogastroduodenoscopy 
and ileocolonoscopy [1]. It is estimated that OGIB 
comprises ∼5% of all patients with gastrointestinal 
(GI) bleeding, with the majority of bleeding lesions 
found to be in the small bowel [2].

For decades, investigation of OGIB has often 
caused frustration in both patients and clinicians. 
Noninvasive tests, such as   small-bowel follow-through, 
radioisotope-labeled red blood cell scan and push 
enteroscopy, have had suboptimal diagnostic yields in 
the range of 20–40% [3–5]. Capsule endoscopy (CE) 
approximately doubles the diagnostic yield of push 
enteroscopy in patients with OGIB and its yield is also 
far superior to that of small bowel radiography [6].

Invasive methods, such as laparotomy or intraoperative 
enteroscopy ( IOE), may improve the yield up to 
70% [7]. However, complications such as mucosal 
laceration, avulsion of mesenteric vessels, prolonged 
ileus and wound infection are not uncommon, and 
death has been reported in the literature [8].

Vascular lesions of the small bowel are the most 
frequent fi nding in patients with bleeding from the 
small bowel (∼50–70% of fi ndings). Th ere seems to be 
a morphological heterogeneity of probably overlapping 
entities, such as  arteriovenous malformation (AVM), 
venous or vascular ectasia, angiodysplasia, angiectasia, 
or even Dieulafoy’s lesion. Th ereby, terminology of 
these benign fl at lesions depends somewhat on the 
person who describes it, being either an endoscopist or 
a histopathologist [9].

We focused in this research on this hidden killer, and 
we selected only the cases that have fi rm diagnoses of 
AVMs either by direct intraoperative fi nding and/or 
histological examination to evaluate the most accurate 
and appropriate method of diagnosis and the best 
approach to manage them.

Patients and methods
Th is research was conducted on patients with OGIB 
admitted to Zagazig University hospitals between 
October 2010 and September 2013.

According to their presentations, we classifi ed 
our patients into three groups: group I, this group 
included patients presented with previous attacks 

Capsule endoscopy versus intraoperative enteroscopy in 
management of   small bowel arteriovenous malformations
Wael E. Lotfya, Ramadan M. Alia, Sherif M. Galalb

Background
Small bowel arteriovenous malformations (AVMs) are the most common cause of obscure 
gastrointestinal bleeding, and they are problematic cases both in diagnosis and treatment.
Patients and methods
A total of 12 patients with small bowel AVMs admitted to Zagazig University hospitals were 
included in this study. Cases with previous bleeding (group I) and cases with moderate ongoing 
bleeding (group II) underwent both capsule endoscopy (CE) and intraoperative enteroscopy 
(IOE), whereas cases with massive ongoing bleeding (group  III) underwent IOE only.
Results
CE picked up the diagnosis of AVMs only in 50% of cases. It underestimated the extent of the 
lesions in 40% of positive cases and wrongly  localized the lesion in 20% of positive cases. 
IOE diagnosed all 12 cases of AVMs. Two cases were treated with plasma photocoagulation 
and 10 cases were treated with resection of the diseased segment. There was only one 
perioperative mortality.
Conclusion
CE has a limited diagnostic yield in cases of small bowel AVMs especially in absence of ongoing 
bleeding, and IOE remains the mainstay method for diagnosis and treatment of these cases.

Keywords:
arteriovenous malformations, capsule endoscopy, gastrointestinal bleeding, intraoperative 
endoscopy

Egyptian J Surgery 33:171–177
© 2014 The Egyptian Journal of Surgery
1110-1121

Departments of aGeneral Surgery and bT ropical 
Medicine, Faculty of Medicine, Zagazig 
University, Zagazig, Egypt

 Correspondence to Wael E. Lotfy, MD, 
Department of General Surgery, Faculty of 
Medicine, Zagazig University, Zagazig, Egypt
Tel: +20 100 066 2264;
e-mail: waellotfy@hotmail.com

Received 23 April 2014
Accepted 13 May 2014

The Egyptian Journal of Surgery 
2014, 33:171–177



172 The Egyptian Journal of Surgery

of GI bleeding and severe iron defi ciency  anaemia; 
group II, this group included patients presented 
with ongoing moderate GI bleeding (melena) on 
admission and group III, this group included patients 
presented with massive GI bleeding (haematochezia) 
with shock and collapse.

On admission, full history taking and thorough 
clinical examination of all cases were performed, and 
full laboratory investigations were ordered. Blood 
transfusion was initiated in patient with haemoglobin 
less than 8 g% and plasma transfusion was given to all 
patients with ongoing GI bleeding (group II and III). 
Resuscitation of shocked patients (group III) was 
initiated immediately with intravenous crystalloids 
and plasma expanders until blood transfusion became 
available. In addition, pelviabdominal ultrasonography 
(US) examination was performed for all cases.  ECG 
and other needed preoperative investigations were 
conducted on request.

Inclusion criteria
(1) Patients above 18 years and below 80 years of age.
(2) Patients with OGIB with negative upper and lower 

GI endoscopies and irrelevant data by imaging 
studies such as abdominal US or computed 
tomography.

(3) All cases should be mentally oriented and 
consented to join our study.

Exclusion criteria
(1) Patients below 18 and above 80 years of age.
(2) Patients who refused to undergo CE or IOE.
(3) Patients whose GI bleeding was due to any cause 

other than small bowel AVMs.
(4) Patients whose IOE fi ndings were negative, 

although their CE fi ndings were positive for 
AVMs.

(5) Patients who were lost during the follow-up 
period.

After the initial management, all cases were 
prepared for upper and lower GI endoscopy, which 
if negative, cases of group I and II were prepared to 
undergo pelviabdominal US and triphasic computed 
tomography, and only negative cases were accepted 
to join the study and prepared for CE, which is 
usually performed on the next day. Waiting for the 
results, the patients were prepared for exploration 
and IOE. Anaemia, electrolytes imbalance and 
hypoalbuminaemia all were corrected then IOE was 
performed within 7 days of CE. Group III patients 
(emergency cases) with negative endoscopies were 
prepared for urgent exploration and IOE directly 
(no time for other investigations).

Capsule endoscopy
Wireless CE is a new technology that enables 
endoscopic  visualization of the whole length of the 
small bowel. Th e capsule measures 26.4 mm in length 
and 11 mm in diameter. It is swallowed after 12 h of 
fasting and left to proceed in the gut by its peristalsis. 
Th e capsule is composed of a lens, a light source, a 
complementary semiconductor chip, a battery and a 
transmitter. Images are continuously taken two per 
second and immediately transmitted to a recorder that 
is fi xed by a belt to the abdomen of the patient and 
then downloaded to a computer unit where they are 
 visualized and recorded by special software. Th e records 
were revised by an expert gastroenterologist.

Intraoperative enteroscopy
Patients were prepared with oral 500 ml of mannitol 
20%, 12 h before surgery. IOE was performed by two 
experienced endoscopists and surgery was performed by 
the same surgical team. First, the intestines were totally 
examined for obvious lesions or palpable masses then 
before enteroscopy, we divided any possible adhesions 
to make the small bowels move mobile and amenable 
to manipulation, but we did not perform excessive 
 mobilization such as Kocher’s technique or division 
of ligament of Treitz because such  manoeuvres may 
damage major vessels while giving little advantage to 
the procedure. We think that completing the procedure 
with adding enterotomy is much less hazardous than 
these risky  mobilizations.

Adult colonoscope of total length 2500 mm and a working 
length of 227 mm and loop diameter of 16 cm was used. 
Peroral route was tried in all cases, but if endoscopy failed 
to reach the terminal ileum, a small enterotomy was 
performed and the endoscope was completed through 
it after covering the shaft of endoscope with sterile 
plastic sheath used for the laparoscopic camera, which 
is temporarily sutured to the edge of the enterotomy to 
avoid spillage of intestinal contents. We advanced the 
endoscope manually through the bowel by telescoping 
the bowel over it gently trying not to harm the mucosa 
or the mesentery. Neither pressure nor tension was 
allowed throughout the procedure; otherwise, serious 
tears and lacerations of the mesentery would occur.

Minimal air insuffl  ation was used during advancement, 
and desuffl  ation of the bowel was carried out 
during withdrawal. Th e bowel was inspected during 
advancement of the endoscope; otherwise, petechial 
 haemorrhage or even  haematomas that would 
occur during manipulation might be mistaken for 
angioectasias on withdrawal. If a lesion was visualized 
during advancement of the endoscope, the segment of 
bowel was marked with silk sutures for later resection 
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and the advancement was completed to diagnose other 
possible lesions.

Th e light of the operating room was shut off  to 
allow both internal and external examination of the 
transilluminated bowel by both the endoscopist and 
the surgeon simultaneously. Only patients with small 
bowel AVMs were included in this study. Other 
causes of bleeding were excluded to evaluate the 
results of CE in cases of small bowel AVMs only 
and to study the prognosis of these cases. Minor 
lesions were treated using argon laser beam through 
endoscopy, whereas large and wide-spread lesions 
were excised by resection anastomosis of the small 
bowel. Th e resected specimens were certainly sent for 
histopathological examination.

Th e operative time, amount of intraoperative blood 
transfusion, the site of AVMs and the method of 
management all were recorded.

Postoperative care
All patients were postoperatively cared in  ICU with 
parenteral nutrition, antibiotic and other supportive 
measures until they became haemodynamically stable 
and haematologically accepted. Th ereafter, they were 
transferred to their ordinary rooms in the hospital to 
complete their postoperative regimens and care. All 
surviving patients were discharged when surgically 
stable and they were followed up in the outpatient 
clinic for at least 2 months postoperatively and checked 
for overt or occult blood in stool.

Four cases were excluded from this study after joining 
it. Th e fi rst refused to perform IOE after the CE had 
diagnosed jejunal AVMs; the second case was found to 
have bleeding jejunal diverticulitis on exploration and 
the third was found to bleed from an ileal lymphoma. 
Th e fourth case had CE diagnosed jejunal AVMs that 
did not show on IOE, and nothing was performed for 
this case and surprisingly this case did well during the 
postoperative period; bleeding did not recur through 
the 6 months of follow-up period and her  anaemia was 
corrected gradually.

Results
Th is study included 12 patients with fi nal diagnosis 
of small bowel AVMs, eight men and four women 
(male : female, 2 : 1). Th eir ages ranged between 32 
and 79 years with mean age of 49.75±14.28 years. 
Th ree patients presented with previous OGIB 
(group I) and severe iron defi ciency anaemia, seven 
patients presented with ongoing OGIB on admission 
(group II) and two patients presented with massive GI 

bleeding and shock (group III). Clinical examination 
and provisional investigations of the cases revealed 
diabetes mellitus in fi ve patients, hypertension in six 
patients,  ischaemic heart disease in three patients and 
previous cerebral stroke in two patients. All patients 
were  anaemic with variable degree; their haemoglobin 
concentration ranged from 4 to 8.5% at presentation 
with average concentration 5.9±1.39 g% (Table 1).

Results of capsule endoscopy
CE diagnosed small bowel AVMs only in fi ve (50%) 
patients of total 10 patients who underwent this 
investigation in the study. Th ey were two jejunal and 
three ileal AVMs patients, including four of seven 
patients of group II with ongoing bleeding and only 
one of three patients of group I without active bleeding.

Th e capsule was retained only in one patient in 
the terminal ileum and was removed during the 
exploration for IOE. Th e cause of retention was not 
obvious. In addition, it failed to reach the colon during 
the recording time in one case mainly due to delayed 
gastric evacuation. CE did not have a place in cases 
with massive bleeding of group III due to lack of time 
and theoretically unsuitable fi eld for it.

Results of intraoperative enteroscopy
Th e IOE picked up the diagnosis of small bowel AVMs 
in all 12 cases included in the study. Th ere were fi ve cases 
of jejunal AVMs, fi ve cases of ileal AVMs and two cases 
of multiple jejunal and ileal AVMs (Photos 1–3).

Eight (66.7%) patients were diagnosed by simple 
naked eye examination of small bowel at exploration 
and four (33.3%) patients were diagnosed by combined 
endoscopic examination and transillumination of the 
bowel (Photos 4–6).

Table 1 Patient’s age, sex, group, haemoglobin% and associated 
medical diseases

Case 
numbers

Age 
(years)

Sex Group Hb (g%) Associated 
medical diseases

1 63 Male I 4 DM, HT

2 43 Male II 6.5 –

3 46 Male II 7 DM

4 38 Female III 8 –

5 56 Male II 5 DM, HT

6 42 Male I 5.5 HT

7 68 Male II 4.5 HT, CS

8 35 Female II 6 DM

9 52 Male I 4.5 HT, IHD

10 79 Female III 5.5 HT, IHD, CS

11 32 Female II 8.5 –

12 43 Male II 6 DM 

CS, cerebral stroke; DM, diabetes mellitus; Hb, haemoglobin; 
HT, hypertension; IHD, ischaemic heart disease.
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Large jejunal AVMs

 Photo 1

SmallIleal AVMs

 Photo 2

Multiple jejunal and ileal AVMs

 Photo 3

Trans-illumination of small jejunal AVMs

 Photo 4

Trans-illumination of smallileal AVMs

 Photo 5

Trans-illumination ofsmallileal AVMs

 Photo 6
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Transoral approach succeeded to reach the terminal 
ileum in seven (58.3%) patients, whereas in the remaining 
fi ve (41.7%) patients endoscopy was completed through 
small enterotomies in the mid-length of the small bowel.

Th e mean operative time was 165 min. Th e 
intraoperative blood transfusion was 2.5 U on average. 
Argon plasma coagulation was used in two cases with 
small localized AVMs, whereas in the remaining 10 
cases, resection of the diseased segment was performed. 
Th e mean length of the resected segment was 75 cm 
(Table 3). All sent specimens were histopathologically 
confi rmed to have AVMs.

Evaluation of capsule endoscopy fi ndings

We regarded the results of intraoperative endoscopy 
as the standard data against which the results of CE 
were compared. Th is is because the results of IOE are 
the most accurate criteria upon which the treatment 
options were chosen. In addition, most of the results of 
IOE were histopathologically confi rmed.

Th e overall diagnostic yield of CE in small bowel 
AVMs was only 50% (fi ve of 10 patients) and it was 
only 33.3% in cases with previous bleeding and 57.1% 
for those with ongoing bleeding (Table 2). In addition, 
there was underestimation of the extent of AVMs in 
two cases of wide-spread jejunal and ileal lesions (case  
nos 3 and 8). In addition, CE failed to diagnose the 
accurate site of AVMs in one case (case no. 11) when 

it diagnosed jejunal AVMs, whereas IOE revealed 
multiple ileal AVMs, which were resected (Table 3).

Regarding complications, CE had only two 
complications: retention in one case and battery 
failure in one case. IOE had numerous complications: 
mesenteric haematomas in eight cases, mesenteric tears 
in six cases, serosal tears in fi ve cases and prolonged 
ileus more than 3 days in two cases (Table 4).

Postoperative results
We recorded postoperative complications in four cases: 
two cases showed prolonged ileus; one case developed 
postoperative heart failure and pulmonary  oedema, 
which resolved on the ninth postoperative day and 
one case had a postoperative myocardial infarction 
superimposed on previous myocardial  ischaemia and 
died on the third postoperative day (case  no. 10). 
Otherwise, the remaining eight cases did well and 
recovered almost completely and were discharged 
surgically free. All surviving patients improved during 
the follow-up period and anaemias were corrected 
and bleeding did not recur during the follow-up 
period. It is worth to mention that one patient (case 
no. 2) presented with subacute intestinal obstruction 
7 months after surgery. Conservative measures failed to 
bring improvement and he was re-explored where there 
was a stricture at the previous anastomosis, which was 
revised, and the patient recovered well postoperatively.

Discussion
Small bowel AVMs are the most common cause of 
OGIB. Th ey may produce considerable and fatal bleeding 
that may end the patient ’s life before the traditional 
investigations can diagnose or  localize the site of bleeding.

Although the CE acquired an excellent reputation in 
diagnosis, the cause of OGIB and its sensitivity reached 

 Table 3 Comparison between capsule endoscopy and intraoperative enteroscopy fi ndings and methods of treatment

Case numbers Group CE fi nding IOE fi nding Action

1 I Negative Multiple jejunal AVM Resection of 35 cm

2 II Ileal AVM Multiple ileal AVM Resection of 28 cm

3 II Ileal AVM Multiple jejunal and ileal AVM Resection 135 cm

4 III Not done Large ileal AVM Resection of 17 cm

5 II Negative Small-sized jejunal AVM Argon plasma coagualtion

6 I Ileal AVM Multiple ileal AVM 175 cm resection (right hemicolectomy)

7 II Negative Multiple jejunal AVM Resection of 45 cm

8 II Jejunal AVM Multiple jejunal and ileal AVM Resection of 145 cm

9 I Negative Small-sized jejunal AVM Argon plasma coagulation

10 III Not done Large ileal AVM Resection of 30 cm

11 II Jejunal AVM Multiple ileal AVM Resection of 65 cm

12 II Negative Multiple jejunal AVM Resection of 75 cm

AVM, arteriovenous malformation; CE, capsule endoscopy; IOE, intraoperative enteroscopy.

Table 2 Results of capsule endoscopy

CE results [n (%)]

Group I (previous 
OGIB) (N = 3)

Group II (ongoing 
OGIB) (N = 7)

Total 
(N = 10)

Positive cases 1 (33) 4 (57) 5 (50)

Negative cases 2 (64) 3 (43) 5 (50)

Sensitivity (%) 33 57 50 

CE, capsule endoscopy; OGIB, obscure gastrointestinal bleeding.
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more than 75% in many literatures [6,10,11]. However, 
its sensitivity in detection of small bowel AVMs seems 
to be lower than this fi gure; CE had only 50% sensitivity 
in this study. Th is may be explained by that CE lacks 
both air insuffl  ation and suction of secretion during 
the whole technique. Air insuffl  ation causes stretch of 
mucosal folds and allows better inspection of hidden 
lesions. In contrast, suction of intestinal secretion or 
possible food residues improves the view and unmasks 
small lesions. In addition, AVMs may be discovered 
better through the external surface of the intestines or 
by transillumination of the wall rather than through its 
mucosal surface.

CE underestimated the extent of the lesions in 
two (40%) cases of its positive cases (fi ve cases) and 
wrongly localized the site of lesion in one (20%) case 
of its positive cases; this underestimation may be due 
to the fact that CE sometimes moves quickly through 
a long segment of the bowel with hyperperistalsis.

In addition, CE lacks the ability of immediate 
intervention or even obtaining biopsies for histological 
confi rmation. Again, CE is a tedious investigation 
that wastes much time both in performance and 
interpretation of its results. Th is time may be very 
precious in case of moderate and massive GI bleeding.

Our CE had only 10% incidence of retention and 10% 
of failure due to fi nish of battery life before completion 
of the procedure, and these rates are comparable with 
other studies [10,12–14].

In our research, the transoral method of IOE failed 
to reach the terminal ileum in fi ve (41.6%) cases, and 
this failure rate is higher than that reported by other 
studies [7,8]. Th is may be due to the fact that we used 
the adult colonoscope not the  paediatric one, which is 
rather more fl exible and more easily manipulated.

Th is study was not designed to evaluate the diagnostic 
yield of IOE because its results were used as the 
standard criterion against which fi ndings of CE 
were blotted. However, IOE appears to be the most 
sensitive method in management of small bowel 
AVMs because it combines endoscopic inspection, 

naked eye visualization and transillumination of 
the small bowel in addition to its ability to provide 
histopathological confi rmation of the fi ndings and the 
feasibility of simultaneous immediate management of 
the lesions.

Being an invasive investigation, IOE had much 
higher incidence of complications than CE. 
However, this high rate of complications can be 
lowered with more experience of the operators and 
rising of the learning curve.

We have one perioperative mortality (8.3%), which 
lies within range of the published diff erent studies 
[7,8,10–12,15–22]; they recorded mortality rate 
between 0 and 18%.

In conclusion, CE has a limited diagnostic yield in cases 
of small bowel AVMs especially in absence of ongoing 
bleeding, and IOE remains the mainstay method for 
diagnosis and treatment of these hidden killers.

Because of the relative rarity of the small bowel AVMs, 
the number of cases in this study was too small to 
perform a statistical analysis; hence, we recommend 
performing a more extended multicentre study to re-
evaluate the role of CE in these cases. 

Acknowledgements
Confl icts of interest
There are no confl icts of interest.

References
 1 American Gastroenterological Association medical position statement: 

evaluation and management of occult and obscure gastrointestinal 
bleeding. Gastroenterology 2000; 118:197–200.

 2 Leighton JA, Goldstein J, Hirota W, Jacobson BC, Johanson JF, Mallery 
JS, et al. Obscure gastrointestinal bleeding. Gastrointest Endosc 2003; 
58:650–655.

 3 Rex DK, Lappas JC, Maglinte DD, Malczewski MC, Kopecky KA, Cockerill 
EM. Enteroclysis in the evaluation of suspected small intestinal bleeding. 
Gastroenterology 1989;97:58–60.

 4 Olds GD, Cooper GS, Chak AA, Wong RC.The yield of bleeding scans 
in acute lower gastrointestinal hemorrhage. J Clin Gastroenterol 2005; 
39:273–277.

 5 Zaman A, Katon PM. Push enteroscopy for obscure gastrointestinal 
bleeding yields a high incidence of proximal lesions within reach of a stand 
endoscope. Gastrointest Endosc 1998; 47:372–376.

 6 Triester SL, Leighton JA, Leontiadis GI, Gurudu SR, Fleischer DE, Hara 
AK, et al. A meta-analysis of the yield of capsule endoscopy compared 
to other diagnostic modalities in patients with obscure gastrointestinal 
bleeding. Am J Gastroenterol 2005;100:2407–2418.

 7 Ress AM, Benacci JC, Sarr MG. Effi cacy of intraoperative enteroscopy in 
diagnosis and prevention of recurrent, occult gastrointestinal bleeding. Am 
J Surg 1992; 163:94–99.

 8 Desa LA, Ohri SK, Hutton KA, Lee H, Spencer J. Role of intraoperative 
enteroscopy in obscure gastrointestinal bleeding of small bowel origin. Br 
J Surg 1991; 78:192–195.

 9 Handra-Luca A; Montgomery E. Vascular Malformations and 
Hemangiolymphangiomas of the Gastrointestinal Tract: Morphological 
Features and Clinical Impact Int J Clin Exp Pathol 2011; 4:430–443.

 Table 4 Complications of capsule endoscopy and intraoperative 
enteroscopy

Complications of 
CE (total n = 10)

N (%) Complications of IOE 
(total n = 12)

N (%)

Capsule retention 1 (10) Mesenteric  haematoma 8 (66.6)

Battery failure 1 (10) Mesenteric tears 6 (50)

Serosal tears 5 (41.6)

Prolonged ileus 2 (16.6)

CE, capsule endoscopy; IOE, intraoperative enteroscopy.



Management of small bowel AVMs Lotfy et al. 177

10 Hartmann D, Schmidt H, Bolz G, Schilling D, Kinzel F, Eickhoff A, et al. 
A prospective two-center study comparing wireless capsule endoscopy 
with intraoperative enteroscopy in patients with obscure GI bleeding. 
Gastrointestinal Endoscopy 2005; 61:826–832.

11 Lewis BS, Wenger JS, Waye JD. Small bowel enteroscopy and 
intraoperative enteroscopy for obscure gastrointestinal bleeding. American 
Journal of Gastroenterology 1991; 86:171–174.

12 Hartmann D, Schmidt H, Schilling D, Kinze F, Eickhoff A, Weickert U, et al. 
Follow-up of patients with obscure gastrointestinal bleeding after capsule 
endoscopy and intraoperative enteroscopy. Hepato-Gastroenterology 
2007; 54:780–783.

13 Douard R, Wind P, Berger A, Maniere T, Landi B, Cellier C, Cugnenc 
PH. Role of intraoperative enteroscopy in the management of obscure 
gastointestinal bleeding at the time of video-capsule endoscopy. American 
Journal of Surgery 2009; 198:6–11.

14 Apostolopoulos P, Liatsos C, Gralnek IM, Kalantzis C, Giannakoulopoulou 
E, Alexandrakis G. Evaluation of Capsule Endoscopy In Active Mild To 
Moderate, Overt, Obscure GI Bleeding Gastrointestinal Endosc 2007; 66 
1174–1181.

15 Kendrick ML, Buttar NS, Anderson MA, Lutzke LS, Peia D, Wang KK. 
et al. Contribution of intraoperative enteroscopy in the management of 
obscure gastrointestinal bleeding. Journal of Gastrointestinal Surgery 
2001; 5:162–167.

16 Schulz HJ, Schmidt H. Intraoperative enteroscopy. Gastrointestinal 
Endoscopy Clinics of North America 2009; 19:371–379.

17 Kopácová M, Bures J, Vykouril L, Hladík P, Simkovic D, Jon B, et al. 
Intraoperative enteroscopy: ten years’ experience at a single tertiary 
center. Surgical Endoscopy 2007; 21:1111–1116.

18 Flickinger EG, Stanforth AC, Sinar DR, MacDonald KG, Lannin DR, 
Gibson JH. Intraoperative video panendoscopy for diagnosing sites 
of chronic intestinal bleeding. American Journal of Surgery 1989; 
157:137–144.

19 Jakobs R, Hartmann D, Benz C, Schilling D, Weickert U, Eickhoff A, 
et al. Diagnosis of obscure gastrointestinal bleeding by intra-operative 
enteroscopy in 81 consecutive patients. World Journal of Gastroenterology 
2006; 12:313–316.

20 Lala AK, Sitaram V, Perakath B, Ramakrishna BS, Kurian G, Khanduri P. 
Intraoperative enteroscopy in obscure gastrointestinal hemorrhage. 
Hepato-Gastroenterology 1998; 45:597–602.

21 Lau WY. Intraoperative enteroscopy – indications and limitations. 
Gastrointestinal Endoscopy 1990; 36:268–271.

22 Lopez MJ, Cooley JS, Petros JG, Sullivan JG, Cave DR. Complete 
intraoperative small-bowel endoscopy in the evaluation of occult 
gastrointestinal bleeding using the sondeenteroscope. Archives of 
Surgery 1996; 131:272–277.



178 Original article

1110-1121 © 2014 The Egyptian Journal of Surgery DOI: 10.4103/1110-1121.141905

Introduction
Anal fi ssure is a benign painful condition of the 
anoderm,  characterized by raised resting internal 
anal sphincter pressure, which is important in the 
pathogenesis of anal fi ssure, possibly by impairing 
tissue perfusion and leading to  ischemic ulcer [1,2].

Chronic fi ssures are characterized by a sentinel tag, 
hypertrophic anal papillae, anal spasm, and/or fi brosis 
of the internal sphincter muscle. With the patient in 
a recumbent position, chronic fi ssures are commonly 
seen posteriorly at 6 o’ clock and occasionally anteriorly 
at 12 o’ clock position. Fissures at any other position 
need further investigation of the underlying cause. 
Possible causes are Crohn’s disease, anal intercourse, 
sexually transmitted disease, or anal carcinoma [3].

Th e usual presentation is severe pain at the initiation of 
defecation that lasts for few hours afterwards. Th e pain 
is usually tearing or burning in nature. Few patients 

may complain of bleeding per rectum along with 

pain. Bleeding is usually small in amount staining the 

stool surface or in the shape of drops after defecation; 

occasionally, it may be severe [4].

On clinical examination, the fi ssure can usually be 

seen by gently parting the buttocks and everting 

the anal verge. Digital rectal examination and 

proctosigmoidoscopy are not recommended except 

under proper  anesthesia [4].

Most of the acute fi ssures can be treated conservatively 

with bulking agents, stool softeners, local anesthesia 

creams, and sits path. Chronic fi ssures are more diffi  cult 

to treat conservatively [4].

Topical glycerol trinitrate 0.2% ointment applied twice 

a day for weeks is eff ective in alleviating the symptoms 

of chronic anal fi ssure, with a 69.9% success rate after 

2 months of follow-up [5].

 Closed versus open lateral   internal anal sphincterotomy 
for chronic anal fi ssure in female patients
Jamila Al Sanabani, Saleh Al Salami, Azzan Al Saadi

Objective
The aim of the study was to determine the best technique for surgical treatment of chronic 
anal fi ssure in female patients.
Study designs
The study was designed as a prospective randomized study.
Place and duration of study
The study was conducted in Surgical Unit, Al Kuwait University Hospital and  Al Huribi Hospital 
(Sana’a, Yemen) from January 2007 to December 2010.
Patients and methods
A total of 205 female patients undergoing surgery were divided into two groups. In group A, 
there were 100 patients who were treated by closed lateral internal anal sphincterotomy, 
and in group B there were 105 patients who were managed by open lateral internal anal 
sphincterotomy method. Patients were followed up for 6 months following surgery to observe 
for pain, bleeding, infection, incontinence, and recurrence.
The exclusion criteria were patients who had in addition  hemorrhoids or any other anorectal 
diseases.
Results
There was acceptable difference in postoperative acute complications between the two methods 
of internal anal sphincterotomy. However, in group A, six patients (6%) were complicated with 
very low anal fi stula postoperatively, whereas the recurrence rate was 6 versus 1.9% in group 
A versus group B, respectively (P = 0.015).
Conclusion
Lateral internal   sphincterotomy either with open or closed method is the treatment of choice 
for chronic anal fi ssure in female patients and can be performed effectively and safely with 
acceptable rate of complications; however, the open method is considered to have less 
morbidity and rate of recurrence.
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Most common surgical procedure performed for chronic 
anal fi ssure is lateral internal anal sphincterotomy, 
which may be performed by open or closed method. 
Th e main objective was to divide the lower third to half 
of the internal sphincter, thus reducing the internal 
sphincter spasm and increasing local anoderm blood 
fl ow [4].

Surgical sphincterotomy leads in most cases to quick 
healing of chronic fi ssure. In all, 94.7–96% of fi ssures 
heal at 6 weeks postoperative and has a low recurrence 
rate [5–7]; two large studies have demonstrated a 
2.3–3% failure rate at 5 years [8].

Patients and methods
Th is was a prospective study on 205 female consecutive 
patients admitted for surgery to Kuwait University 
Hospital and Al Huraibi Hospital (Sana’a, Yemen) 
from January 2007 to December 2010. In our study, 
chronic anal fi ssure was defi ned on clinical examination 
when induration at the edge of the fi ssure was visible 
and horizontal  fi bers of the internal anal sphincter 
could be seen in the base of the lesion and when anal 
pain on defecation was for at least 2 months, which 
failed to resolve with medical treatment. Patients 
who had hemorrhoids or any other anorectal diseases 
were excluded.

Patients undergoing surgery (205) were divided into 
two groups. In group A, there were 100 patients who 
were treated by closed lateral sphincterotomy, and in 
group B there were 105 patients who were managed by 
open lateral sphincterotomy method. All patients were 
viral markers ( HBsAg,  HCAb, and  HIV) free.

After a routine preoperative assessment, all patients 
were operated as a day case, under general anesthesia.

Both procedures were performed under general 
anesthesia, with the patient in the lithotomy position. 
In the closed method, the left index fi nger is inserted 
in the anal canal to palpate the internal sphincter and 
feel the intersphincteric groove. A 1-cm incision is 
made in the groove between the internal and external 
sphincter, and scalpel is used to divide the lower third 
of internal sphincter controlled by the left index fi nger. 
In the open method, park retractor is used to retract the 
anal canal and feel the intersphincteric groove. A small 
1-cm incision is made in the intersphincteric groove, 
and a scissor is used to separate the muscle from the 
mucosa and the lower third is divided followed by 
pressure for 3 min to control bleeding; the wound is 
closed with Vicryl 4/0 suture. Small dressing is applied 
at the end of the procedure. Patients were followed up 

for 6 months following surgery to observe for pain, 
bleeding, infection, incontinence, and recurrence.

Statistical analysis

Data were  analyzed using a computer  SPSS  program, 
version 18 (Developers: IBM Corporation, University 
of Chicago). Th e Fisher test and Student’s test were 
used for statistical analysis.

Result
Th e patients included in this study presented to out-
patients clinic of Kuwait university hospital and  Al Huribi 
Hospital with history of pain especially during defecation, 
bleeding per rectum, pruritus ani, and swelling at the level 
of anal verge. Th e chief complaint of most of the patients 
was pain on defecation (Table 1). Th e mean age was 
32.2 years with a range between 18 and 45 years (Fig. 1).

About 182 (88.8%) of the patients were married, 
among whom in 80% the pain initiated after normal 
delivery (Table 2).

Th e position of the anal fi ssure was documented in 
205 patients. In all, 175 patients were having posterior 
midline fi ssure, 20 patients were having anterior fi ssure, 
and 10 patients were having both (Table 3).

In patients undergoing open lateral internal anal 
sphincterotomy, 75 of 105 were free of symptoms on 

 Table 1 Mode of presentation

Symptoms Number of patients (%)

Pain only 135 (65.85)

Pain and bleeding 70 (34.15)

Age distribution.

Figure 1
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the next postoperative day, and, in patients undergoing 
closed lateral internal anal sphincterotomy, 80 of 100 
were free of symptoms.

Postoperatively, only few patients showed complications. 
Twenty patients complained of postoperative pain 
in group A compared with 30 patients in group B; 
the pain improved within 2 weeks postoperatively. 
Bleeding after surgery was found in four patients in 
group A. Infection was found in two patients, one in 
each group. Mild incontinence to fl atus, which was 
temporary, was found in fi ve patients in group A 
compared with seven patients in group B. Recurrence 
was noticed in six patients in group A, whereas it was 
seen in only two patients in group B. Six patients were 
complicated by very low anal fi stula postoperatively in 
group A (Table 4).

Regarding operative time, the operation took 2.6 ( SD 
0.78) min in group A compared with 6.6 ( SD 1.03) 
min in group B (P < 0.001).

Discussion
In our study, of 205 patients, 105 patients were treated 
by open method and the rest were managed by the 
closed method of lateral internal anal sphincterotomy. 

Th e main aim of the study was to determine the best 
technique for the treatment of chronic anal fi ssure in 
female patients.

Th e majority of the fi ssures were found in the young 
age group. Ninety-fi ve patients were between 26 and 
35 years of age and the mean age in present study was 
30.85 years. Th e mean age reported in diff erent studies 
range from 30 to 45 years [9,10].

Patients suff ering from anal fi ssure complain of pain, 
bleeding, discharge, and pruritus ani. A total of 135 
(65.85%) patients presented with pain during or after 
defecation and 70 (34.15%) patients presented with 
bleeding with or without pain, which was not very 
close to 90.80 and 71.4% reported by Hanaanel and 
Gordon [10], respectively.

In our study, 175 patients (85.36%) presented with 
posterior midline fi ssures, 20 patients (9.75%) 
presented with anterior anal fi ssures, and 10 patients 
(4.89%) presented with anterior and posterior fi ssures. 
Samual [11] described that anal fi ssures are more 
common posteriorly. Giles [12] also described that 
most of the fi ssures are posteriorly midline. Nahas 
et al. [9] reported 86.1% posterior midline and 13.9% 
anterior fi ssures.

In patients undergoing open versus closed lateral 
internal anal sphincterotomy, 71.4 versus 80% were free 
of symptoms on the next postoperative day, respectively. 
Hiltunen and Matikainen [13] has described a 
similar result in case of closed lateral internal anal 
sphincterotomy, whereas Ullah and Nadeem [14] 
reported that 90 versus 88% were free of symptoms on 
the next day postoperative in patients undergoing open 
versus closed lateral internal sphincterotomy, respectively.

Our results of open and closed techniques regarding 
complications were as follows: pain (28.6 vs. 20%), 
bleeding (0 vs. 4%), infection (0.95 vs. 1%), incontinence 
(6.7 vs. 5%), fi stula (0 vs. 6%), and recurrence (1.9 vs. 
6%) (P = 0.015). It was noted that the complication 
rate is signifi cantly higher in closed lateral internal 
sphincterotomy, whereas the time consumed during 
operation with closed versus open technique was 
2.6 versus 6.6, respectively (P < 0.001).

Several other studies have also reported that there were 
no signifi cant diff erences in the morbidity between 
open and closed method of sphincterotomy [15–17]. 
Pernikoff  et al. [15] have reported that the complication 
rate is relatively higher in open lateral internal 
sphincterotomy.

In our study, it is clear that open and closed 
techniques are eff ective for treatment of chronic anal 

 Table 2 Epidemiological data
Epidemiological data All patients Group A Group B

Age (mean ± SD) 32.2 ± 8.19 32.4 ± 9.35 31.9 ± 6.94

Marital status [n (%)]

Single 23 (11.2) 13 (13.0) 10 (9.5)

Married 182 (88.8) 87 (87) 95 (90.5)

Possible cause [n (%)]

Postdelivery 160 (78.0) 80 (80.0) 80 (76.2)

Postconstipation 45 (22.0) 20 (20.0) 25 (23.8)

 Table 3 Site of fi ssure

Site Number of patients (%)

Posterior 175 (85.36)

Anterior 20 (9.75)

Both 10 (4.89)

 Table 4 Postoperative complications

Complication Number of 
patients

Group A 
[n (%)]

Group B 
[n (%)]

Pain 50 20 (20.0) 30 (28.5)

Bleeding 4 4 (4.0) Nil (0.0)

Infection 2 1 (1.0) 1 (0.95)

Temporary incontinence 12 5 (5.0) 7 (6.7)

Fistula 6 6 (6.0) 0 (0.0)

Recurrence 8 6 (6.0) 2 (1.9)

Fisher’s test; P = 0.015.
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fi ssure; however, the morbidity and recurrence rates 
are relatively less common in open lateral internal 
sphincterotomy.

Conclusion
Lateral internal sphincterotomy either with open 
or closed method is the treatment of choice for 
chronic anal fi ssure in female patients and can be 
performed eff ectively and safely with acceptable 
rate of complications; however, the open method 
is considered to have less morbidity and rate of 
recurrence.
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Introduction
Th e psychological impact of surgery in breast cancer 
patients is multifactorial, the cosmetic result and 
body image being important factors as also the fear of 
recurrence of cancer. A better cosmetic result usually 
leads to a better psychological outcome [1].

Oncoplastic techniques, autologous fl aps and implants 
are commonly used plastic surgery techniques in 
patients undergoing breast reconstruction [2,3].

Coleman [4] introduced a new refi ned technique 
of fat aspiration, purifi cation and injection that 
considerably improved graft survival and reduced the 
rate of complications. Th e Coleman technique was 
soon adopted by most plastic surgeons worldwide 
and became used widely for both cosmetic and 
reconstructive indications [5–10].

Th e recent re-emerging popularity of breast fat 
transplantation is based on recent reports and work by 
a number of surgeons including Coleman and Delay, 
who have introduced the term ‘lipomodelling’, and 
used the technique alone or in combination with other 
reconstructive procedures [11].

Lipomodelling is the process of relocating autologous 
fat to alter the shape, volume, consistency and profi le 
of tissues, with the aim of reconstructing, rejuvenating 
and regenerating body features. Th e terms in current 
use to describe the technique are micro fat grafting, fat 
transfer, fat injection and lipofi lling [12,13].

Success depends on careful harvesting, refi ning and 
grafting of the fat. As techniques have improved, 
lipomodelling has become more widely applied 
in reconstruction following breast cancer surgery, 
treatment of secondary defects after   breast-cancer 

 Evaluation of delayed lipomodelling for breast reconstruction 
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Background
Oncoplastic techniques, autologous fl aps and implants are commonly used plastic surgery 
techniques in patients undergoing breast reconstruction. Lipomodelling is a currently used 
technique to correct soft-tissue defects.
Restoring an acceptable appearance after breast cancer surgery has become an integral part 
of the treatment process. Even though advances in autologous and implant-based surgical 
techniques have markedly improved breast reconstructions over the past decennia, they have 
ultimately raised the patients’ expectations.
Patients and methods
The study included 30 female patients undergoing delayed lipomodelling after breast cancer 
surgery using the Coleman technique. Patients, after mastectomy and after breast conservative 
surgery with tissue defect and/or deformities, will undergo delayed lipomodelling at least 
6 months after completion of radiotherapy.
Results
In our study, 43 lipofi lling sessions were performed in 30 patients. Twenty-four patients had 
invasive ductal carcinoma and six patients  had DCIS. The mean amount of fat injected ranged 
from 50 to 400 ml and sessions of lipofi lling ranged from one session to three sessions according 
to the indication. The follow-up interval was 16 months. The most common complication was 
macrocalcifi cation and oil cyst formation in three patients. No cases of local recurrence were 
detected. The satisfaction rate was excellent in 36.6% and good in 43.3% of the patients.
Conclusion
Fat grafting can be used as an alternative method of breast reconstruction in selected cases as 
it is an easy and cheap method with a very high rate of acceptance from the patient because 
it is an easy day surgery technique, with minimal complications to the recipient and the donor 
site. An excellent  aesthetic result as well as longevity can also be achieved.
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reconstruction or tissue damages and deformities 
after radiotherapy, treatment of congenital and 
acquired breast deformities and recently, for cosmetic 
augmentation [12,13].

In this study, we aimed to evaluate delayed 
lipomodelling after diff erent techniques of Surgery for 
Breast Cancer in terms of patient satisfaction, aesthetic 
results, complications, number of sessions needed and 
the amount of fat harvested, injected and reabsorbed.

Patients and methods
Th e study included 30 female patients scheduled to 
undergo delayed lipomodelling using the Coleman 
technique after surgery for breast cancer including 
just mastectomy, mastectomy with autologous 
fl aps, mastectomy with implants and breast 
conservative surgery (BCS) with tissue defects and/or 
deformities [3]. Th e patients included had undergone 
delayed lipomodelling at least 12 months after the 
completion of radiotherapy. Lipomodelling was staged 
(from two to three sessions after modifi ed radical 
mastectomy and one to two sessions after BCS).

Exclusion criteria
(1) General medical comorbidities that are a 

contraindication to repeated procedures requiring 
general  anaesthesia such as bleeding disorders 
and vasospastic conditions that increase the risk 
of postoperative complications. Th e use of local 
anaesthesia with or without sedation may be a 
suitable alternative.

(2) Heavy smoker.
(3) Current use of medications such as aspirin, NSAIDs, 

cytotoxic and immunosuppressant drugs because of 
associated risks of bleeding and infection.

(4) Inadequate donor sites.
(5) Unsuitability of the recipient site.
(6) Patients actively dieting around the time of fat 

grafting.

Preoperative evaluation
Th irty patients admitted and operated for cancer 
breast in the Department of Surgery, Medical 
Research Institute Hospital, Alexandria University, 
were evaluated by clinical and radiological 
breast examinations (mammography and breast 
ultrasonography) before the lipofi lling operation. All 
individuals agreed to participate after the objectives of 
the study were explaining to them and they signed an 
informed consent. Moreover, the study was approved by 
the local Institutional Ethical Committee. Preoperative 
photographs were taken in all cases, and all the breast 

defects were measured by a ruler on its two major axis, 
and, fi nally, the depth was measured by an approximate 
and empirical measurement.

Surgical technique
Th e procedure was performed under general 
anaesthesia. Th e selected donor site was infi ltrated with 
Klein’s solution [14]. It consists of 1 mm of epinephrine 
diluted in 500 ml of 0.001% lactate ringer solution. Th e 
amount of solution injected was double the volume of 
pre-estimated fat tissue requirement (Fig. 1a).

Th e entire procedure of fat harvesting and ‘lipofi lling’ 
was performed according to Coleman’s technique [3], 
with minimal modifi cations (Fig. 1).

After the injection of the diluted solution, a two-hole, 
3-mm diameter Coleman’s cannula with a blunt tip 
attached to a 50-ml Luer-Lock syringe was inserted 
through the small incision. A combination of a slight 
negative pressure and the curetting action of the cannula 
through the tissues allows fat harvesting. Th e fat was 
harvested until we reached the pre-estimated defect 
volume. Th en, we obtained the fat for centrifugation at 
3000 rpm for 3 min until the serum and oily components 
were separated from the adipose tissue.

Th e cellular component was immediately transferred to a 
1 or a 3-ml Luer-Lock syringe and prepared for injection.

Th e prepared cellular component was then injected 
into the defect area through a blunt Coleman’s cannula. 
A retrograde injection with a thin-layer and multiple-

Coleman’s Technique: (a) Infi ltration of donor site with Klein’s solution. 
(b) Liposuction (abdomen) using 3 mm Coleman’s cannula and 50cc 
Luer Lock syringe. (c) Centrifugation at 3000 rpm for 3 minutes for 
fat separation. (d) Products of centrifugation.Centrifugation of the 
lipoaspirate yields three layers, with the purifi ed fat forming the central 
layer. (e) Pure fat collected and transferred to 1 mm syringes.

Figure 1



184 The Egyptian Journal of Surgery

tunnel technique was administered. We avoided 
placing fat as an excessive depot, which may result in 
liponecrosis and graft loss.

Local factors can infl uence our technique approach for 
individual cases, especially in scarred and irradiated 
tissues. We broke the fi brotic scar with a sharp cannula 
to create the space for grafting. However, this group is 
more likely to have a second session for lipofi lling and 
the second procedure in this group is usually easier as the 
tissue quality is improved by the fi rst lipofi lling procedure.

Clinical examination
Immediately postoperatively for the detection of 
 haematoma, bruises and cellulite in donor site or 
recipient site.

At 6 and 9 months’ follow-up for each patient clinically 
for detection of any area of palpable traumatic fat 
necrosis.

Radiological follow-up
Ultrasound and mammogram were performed for 
assessment of breast to detect any complication such 
as fat cyst and macrocalcifi cations at 6 and 12 months.

Patient satisfaction
Patient satisfaction was assessed by a questionnaire 
given to the patient to assess the result (symmetry 
with other site, softness, shape of breast, donor and 
recipient site complications and level of acceptance of 
the intervention and impact on sexual and social life).

Results
Th e mean age of the patients at the time of fat grafting 
was 39 years (range 31–48 years).

Discussion
Surgery for cancer breast can result in physical and 
psychological trauma to a patient; thus, preservation of 
good aesthetic shape after surgery is an integral part of 
management in these patients.

Diff erent plastic reconstructive techniques such as 
prosthesis and autologous fl ap reconstruction are used 
for this purpose; however, these techniques may lead 
to complications in the donor or the recipient site and 
may require more interventions for correction of shape. 
Th us, the introduction of fat-free injections provided 
an excellent solution for correction of these deformities 
after diff erent breast surgical interventions.

Fat injections were initiated in the 1980s for correction 
of small defects after maxillofacial surgery [4].

Coleman started the use of lipofi lling by providing 
a description of the perfect technique for harvesting 
and separation of fat with minimal trauma to fat cells 
to preserve mature adipocyte and stem cells viable for 
correction of defect after conservative breast surgery 
 (CBS).

Delaporte et al. [15] used Coleman’s technique for 
complete breast reconstruction after mastectomy, with 
a perfect result, with injection of a larger amount of fat.

In our study, we used the Coleman technique for 
lipofi lling as an alternative technique for autologous 
fl ap for reconstruction of defects that result from 
primary breast surgery of cancer breast.

After modifi ed radical mastectomy
Complete reconstruction of the breast after mastecomy 
only by lipofi lling started in France as a new technique 
by Delay. Five patients were included in our study; 
between two and three sessions were needed for 
complete reconstruction, with a moderate amount of fat 
injected, around 200 ml, in each setting. We performed 
an intervention 12 months after radiotherapy.

At the follow-up 3 months after each setting, we found 
that the reduction in the volume of fat was 30–37%, 
facilitated by  the BTTC  programme. We performed 
tattooing and nipple reconstruction after the optimal 
shape of the breast was achieved.

All sessions were performed as day surgery procedures.

After conservative breast surgery
One of the important applications of lipomodelling 
is correction of defects after CBS resulting from 
postoperative radiotherapy or surgery [16]. Ten cases 
after CBS needed one session of fat grafting that was 
suffi  cient with a median amount of fat injected of 90 
ml. We performed dissection of fi brosis by a sharp 
needle to improve the shape of the breast.

Th e main problem in CBS is the fear of increased 
incidence of local recurrence [16,17], but in our follow-
up, there was no increase in local recurrence.

After autologous fl ap
For correction of symmetry with other sites instead 
of reduction mammoplasty of the normal breast [17], 
we used this technique for correction of discrepancy in 
the size of the other breast in nine patients; this was 
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easier as injection into the tissue fl ap and correction 

of symmetry were satisfactory for cases with a median 

amount of fat (160 ml).

Our result was similar to that of Sinna et al., who 

injected an average of 176 ml of fat and found a 

satisfactory result in 94% of patients [18].

After   skin-sparing mastectomy with prosthesis

Six patients with implant had irregularities in the surface 

and thin skin over the implant; we changed the implant, 

with injection of fat into the layer between the capsule of 

the implant and the skin. Th e texture of the skin improved 

and sensation of an implant under the skin decreased.

Cigna et al. [19] injected a skin envelope overlying 

implant for correction of complications of radiation 

and to decrease the extent of complications of implant 

reconstruction after irradiation [19,20].

Follow-up

Two of our patients had cellulite at the donor site and 

they were treated with antibiotics and dressing.

On mammogram follow-up, there were 

microcalcifi cations and oil cyst in four patients.

On oncological follow-up, no cases of local recurrence 

were found at a median follow-up of 16 months, 

similar to the result of the study carried out by Petit 

et al. [21].

 Table 1 Clinicopathalogical data and type of primary 
oncological surgery

Type of primary oncological surgery Number (%)

Mastectomy 4 (13.3)

Mastectomy with TRAM 5 (16.6)

Mastectomy with LD fl ap 4 (13.3)

Skin-sparing mastectomy with implant 6 (20)

Conservative breast surgery 3 (10)

8 (26.6)

Stage of breast cancer

Stage I 12 (40)

Stage II 17 (42.6)

Stage III 1 (3.4)

Stage VI 0 (0)

Pathology of the  tumour

IDC 22 (83.4)

DCIS 8 (26.6)

TRAM, transverse abdomens myocutaneous.

Table 2 Volume of fat and type of surgery

Surgical techniques N (%)

Anaesthesia

General 23 (76.6)

Local 7 (23.4)

Donor site

Abdomen 25 (83.3)

thigh 4 (13.3)

buttock 1 (3.3)

Average amount of fat injected (ml)

<100 8 (26.7)

From 100 to 200 12 (40)

From 200 to 300 6 (20)

>300 4 (13.3)

(a) 42 years old patient operated since 1.5 years by skin sparing 
mastectomy and immediate reconstruction with silicone implant 
inserted subpectorally (removed 2 weeks later after being infected)  
and contralateral reduction mammoplasty (Preoperative photo). (b) 
Immediately postoperative after injection of 200 cc of purifi ed fat. (c) 
1 week postoperative. (d) 1 month postoperative.

Figure 2

a

c

b

d

(a) After 3 months amount of fat grafted was reduced by 40% and 
the areola was made by skin tattooing (Preoperative photo). (b) Fat 
grating using 1,5 mm cannula and 3 cc Luer Lock syringes (injection 
is multidirectional at different levels on withdrawal of the cannula). 
(c) Immediately postoperative after injection of 410 cc of purifi ed fat. 
(d) 1week postoperative.

Figure 3

a

c

b

d
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Patient satisfaction
36.3% of our patients achieved an excellent result, 
whereas 43.6% achieved a good result in terms of the 
shape of the breast and ease of the procedure as it was 
a day surgery and there were minimal complications to 
the donor and recipient site.

Th e BCS and skin-sparing mastectomy group that 
received an autologous fl ap reported greater satisfaction 
as they achieved the perfect shape in one session, with 
minimal to moderate amount of fat injection and fewer 
complications to the donor or recipient site. However, 
the mastectomy group reported the least satisfaction as 
more sessions and a large amount of fat injection were 
required, and they did not achieve the expected result.

(a) 34 years old patient with NSM and TRAM Flap undergoing lipofi lling 
for asymmetry (Preoperative photo).(b) Immediatelypostoperative 
after injection of 200 cc of purifi ed fat. (c) 1 week postoperative. (d) 
1 month postoperative

Figure 4

a

c

b

d

 Table 3 Patient satisfaction

Type of surgery Satisfaction

Poor Fair Good Excellent No

MRM 0 1 2 2 5

SSM + autologus fl ap 1 1 3 4 9

SSM + fl ap 1 0 5 0 6

CBS 0 2 3 5 10

Precentage 6.6 13.3 43.3 36.6

MRM, modifi ed radical mastectomy; SSM, skin-sparing 
mastectomy.

(a) 53 years old patient with retroareolar breast cancer operated with 
skin sparing mastectomy with immediate LD fl ap reconstruction. (b-d) 
6 months later nipple and areola reconstruction after tattooing and 
lipofi lling by 230 cc fat for augmentation.

Figure 5

a

c d

b

(a) 37 years old patient after BCS using oncoplastic technique 
(round block mammoplasty) for delayed lipofi lling for correction of 
defect at upper outer quadrant (marked by a circle) and asymmetry 
(Preoperative photo). (b) Immediately postoperative after injection of 
130 cc of purifi ed fat. (c) 1 month postoperative.

Figure 6

a b

c

a

c

(a) 32 years old patient with quadrantectomy, after 28 months of 
adjuvant chemotherapy and radiotherapy. (b,c) correction of deformity 
by injection of 210 cc of fat. (d) one week postoperative.

Figure 7

b

d
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Conclusion
Fat injection is a new promising modality among 
reconstructive techniques for breast reconstruction after 
diff erent types of oncological surgical management of 
cancer breast, involving scarless day surgery procedure 
and minimal complications to the donor and recipient 
site, with excellent patient satisfaction.

It is a perfect solution in cases of CBS or skin-
sparing mastectomy with an autologous fl ap, but 
in the cases of mastectomy, it can be considered a 
preparatory step for correction of the quality of skin 
after radiotherapy, followed by insertion of a small-
size implant (Tables 1–3 and Figs. 2–7).
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Introduction
Historically, the right lower quadrant incision of 
open appendicectomy (OA) has persisted essentially 
unchanged since it was pioneered by McBurney in the 
19th century [1,2].

Laparoscopic appendicectomy (LA) has become a 
frequently used alternative in the treatment of acute 
appendicitis. In 1983, LA was fi rst described by Semm, 
a German surgeon, and in 1987, Schreiber carried out 
the fi rst LA for acute appendicitis. For long time, LA 
has not gained the same widespread popularity and 
enthusiasm as has laparoscopic cholecystectomy [3], 
but reports [3,4] have documented the feasibility and 
the safety of LA, suggesting that it is the new ‘gold 
standard’.

Several studies have compared LA with the 
conventional open procedure, regarding the surgical 

time, the hospital stay, return of the patient to normal 
life, and complications [3,5].

Various techniques have been used for the ligation of 
the appendicular stump, such as preformed suture loops 
(endoloops) and endoscopic linear cutting staplers 
(endo-GIA), and sealing of appendiceal vessels was 
performed by the Liga-Sure System, the Harmonic 
scalpel [6,7], bipolar coagulation [8], and base control 
was further tried by polymeric clips [9,10], ligature by 
polyglactin suture [11], and endorings [12]. In this 
study, the evaluation of both techniques was performed 
regarding their safety and cost, and any expected 
specifi c complications were reported.

Patients and methods
During the period from February 2010 to November 
2013, in Minoufi ya University Hospital and other 

Evaluation of intracorporeal knotting and metallic clipping 
of the appendicular stump in laparoscopic appendicectomy
Hady S. Abou Ashour

Background
Laparoscopic appendicectomy has gained popularity, especially among laparoscopic surgeons, 
due to the advantages of minimal-access surgery and the simplicity of the technique. Together 
with  endoloop, various techniques have been tried to secure the base of the appendix. Some 
laparoscopic surgeons apply ligature or clips owing to its lower cost and feasibility. In this 
study, we applied intracorporeal ligature (knotting) or metallic clips for secure closure of the 
base of the appendix during laparoscopic appendicectomy.
Aim
The aim of this work was to evaluate the application of both techniques, together with recording 
of any specifi c complications related to each.
Patients and methods
During the period from February 2010 to November 2013, in Minoufi ya University Hospital 
and other private hospitals, 200 laparoscopic appendicectomy patients were included in this 
prospective study. In total, 117 patients were female and the overall average age was 27.4 
years. Patients were divided into two equal groups (group A and group B): group A underwent 
intracorporeal knotting of the base and the metallic clip closure technique was the alternative 
in group B.
Results
The mean operative time was 45 min in group A and 37 min in group B (P < 0.05). The mean 
hospital stay was 2.07 days in group A and 2 days in group B, and this was not signifi cant 
(P > 0.05). Complications varied between port-site wound infection and delayed intestinal 
sounds, and there were no signifi cant differences or major complications.
Conclusion
In our study, both intracorporeal knotting and the metallic clip closure technique were 
successful, feasible, and economic in securing the appendicular stump, except for a wide, 
severely  edematous, or gangrenous base, wherein the metallic clip closure technique was 
not appropriate.
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private hospitals, 200 LA patients were included in 
this prospective study. Th e study was approved by the 
local ethics and research committee of the Minoufi ya 
Faculty of Medicine and its university hospitals. In total, 
117 patients were female and 83 were male. Patients 
were divided into two equal groups (group A and 
group B). Group A included patients who underwent 
intracorporeal knotting (ICK) of the appendicular 
stump and the metal clip closure technique (MCC) 
was the alternative option in group B.

Th e primary objective of this study was to evaluate 
both techniques regarding their safety and to report 
any complications specifi c to each technique.

Other secondary objectives included the following:

(1) Th e cost eff ectiveness of both techniques.
(2) Th e simplicity of the techniques for trainees.

Diffi  culty or insecure knotting or clipping of the 
appendicular stump due to any cause was reported as 
failure of the technique and no cross-over plan was 
decided. All patients were subjected to full history 
taking, clinical evaluation, abdominal ultrasound, and 
routine laboratory investigations. Informed consent 
was taken and patients with any criteria that interfere 
with laparoscopic surgery were excluded from the study, 
for example, pregnancy, previous lower abdominal 
surgery and hostile abdomen, age less than 5 years 
or more than 65 years, and concomitant morbidities 
that interfere with laparoscopic surgery, for example, 
patients with ASA III physical status.

Before surgery, all the patients received standard 
intravenous antibiotics (1.2 g of amoxicillin and 
clavulanic acid and 500 mg of metronidazole); the 
criteria of discharge were absence of fever, audible 
intestinal sounds, oral fl uid tolerance, and the 
ability to walk around. Th e appendix was sent for 
histopathological evaluation, and the postoperative 
analgesia and antibiotic was continued for 5–7 days.

Patients were followed up for 6 months to report any 
early or late postoperative complications.

Surgical procedure
Th e surgeon stood to the left side of the patient, looking 
toward his/her caudal direction. Th en, three ports were 
used: the fi rst one was located in the periumbilical 
region to introduce a 0–30° Karl Storz optic telescope, 
two more working ports (5 mm) were inserted in the 
right lower quadrant at the McBurney point, and a 
10 mm port in the left lower quadrant just above the 
pubic hair line lateral to the border of the rectus sheath; 
this port can also be used for the telescope, using the 

periumbilical port as a working port for the right hand 
and the right one as a working port for the left hand 
(this was an alternative option for standard port uses).

Th e patient was then positioned in the Trendelenburg 
with a mild-left tilt, to facilitate the exposure of the 
appendix. Any pus collection was aspirated, and 
then, dissection of the appendix and control of the 
appendicular artery by clips or ligation was performed. 
Th e appendiceal stump closure was secured by applying 
an ICK by polyglactin suture 2-0 or 3-0 in group A 
(Figs. 1–3). In group B, the stump was secured by two 
or three large titanium endoclips on the healthy fi rm 
tissue next to the  cecum wall. A distal clip (spaced 
10 mm from the proximal one) was applied to permit a 
cut in between (Figs. 4 and 5). It was noticed that the 
appendix base becomes wider in its attachment to the  
cecum, and the clip cannot secure 100% of the stump 
diameter (Fig. 6), and so it was better to clip 0.75 cm 
away from the cecum to achieve proper occlusion. After 
sectioning of the appendix, the extraverted appendiceal 
mucosa was coagulated and the abdominal cavity was 
reassessed for any local or remote fl uid collection or 
bleeding, and irrigation with warm saline solution and 
suction under  visualization was performed.

Th is was followed by routine histopathology of the 
removed appendix. A non suction drain was inserted 
in 15 patients with complicated appendix or infected 
collection.

Th e overall average cost was calculated for each 
technique after each operation.

Diagnoses of operative complications were defi ned and 
reported as bleeding, iatrogenic injury, endoclip escape 
or   blow out,   small-bowel obstruction, or enteric leak.

Intracorporeal knotting.

Figure 1
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Results
Th e mean age was 29.3 years in group A and 25.5 years 
in group B. Th e mean operative time was 45 min in 
group A and 37 min in group B (P < 0.05). Th e mean 
hospital stay was 2.07 days in group A and 2 days in 
group B (P > 0.05). Th e ICK technique was successful 
to close the appendix base safely in 94% of the patients 

in group A and in 83% of the patients in group B 
(P < 0.05). Th ere were no statistically signifi cant 
diff erences detected between the two groups in 
terms of the distribution of age, sex, the appendix 
location, and the histopathologic diagnosis (P > 0.05). 
Th ere were no intraoperative complications such as 
bleeding or intestinal injury. No statistically signifi cant 
diff erences were detected between the groups in terms 
of the hospital stay, the follow-up time, and operative 
or postoperative complications (P > 0.05). Th e average 
overall cost of patients in groups A and B were $465.5 
and $473.6, respectively.

Postoperative complications in group A were as 
follows: two (2%) patients had port-site skin infection; 
one (1%) patient showed delayed intestinal sounds 
for 72 h and improved by medications. In group B, 
one (1%) patient had port-site skin infection and one 
patient was readmitted after 4 days due to fever (38.1°) 
and lower abdominal pain and tenderness; the patient 
was admitted for 24 h; there was mild leukocytosis, and 
an abdominopelvic ultrasound denoted no collection, 

Secure knote.

Figure 2

Cutting distal to the knote.

Figure 3

Metal clip closure technique.

Figure 4

Metal clip closure technique, distal clip.

Figure 5

Metal clip closure technique, mucosal coagulation.

Figure 6
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and so  blow out and leak were excluded; antibiotic 
and antipyretic were given to this patient with rapid 
improvement and discharge. Th ere were no specifi c 
early or late complications related to both techniques, 
and the conversion to open technique was not needed 
in either of them.

It was noticed in this study that the condition of the 
base of the appendix, and not the distal part of the 
appendix, aff ected the applicability of both techniques, 
as gangrene of the tip only did not aff ect clipping or 
ligation, but severe friability or necrosis of the base 
made the application of both techniques impossible 
and risky. Th e quality of the base of the appendix varied 
as follows:

(1) Normal. 
(2) Hyperemic.
(3) Severely edematous.
(4) Edematous and friable.
(5) Gangrenous necrotic.

Th e outcomes are shown in Table 1 and complications 
in Table 2.

Discussion
Th e acceptance of LA among surgeons is increasing 
[13]. LA has been shown to be advantageous compared 
with OA with regard to early postoperative parameters 
such as postoperative pain and recovery of bowel 
function. LA is also associated with a lower wound 
infection rate [14,15].

Despite the lack of a clear outcome of the cost benefi t 
of LA, most cost studies have confi rmed a substantially 
higher cost of LA compared with OA, due to the 

expensive disposable equipment used during the 
procedure [16,17]. Th e appendiceal stump has been 
secured by diff erent ways during LA, including the use 
of mechanical endostapler, [18] endoligature   (Endo-
loop) [19–21], metal endoclips [22–24], polymeric 
endoclips [25], and intracorporeal suture [26].

Th e previous alternatives have advantages and 
disadvantages for the diff erent clinical stages of acute 
appendicitis, but endoloops and endostaplers are used 
most frequently [15,18–28].

Sahm et al. [13] and Billingham and Basterield [17] 
in their studies reported that intracorporeal suturing 
is a safe alternative to the expensive linear stapler or to 
the less expensive endoloop and showed no signifi cant 
diff erence in effi  cacy and safety [13].

Kiudelis et al. [29] and Billingham and Basterield [17] 
reported that intracorporeal ligation is lower in cost and 
€80 cheaper than the endoloop technique. Compared 
with laparoscopic staplers, endolpoops have an 
advantage as they are 6–12 times cheaper than stapling 
devices [30], and intracorporeal suture is even cheaper 
than endoloops [29].

As commercially available titanium and absorbable 
clips can sustain a high degree of intraluminal 
pressure and cannot be displaced by a pressure of 
300 mgHg [31] and are low cost, their use is acceptable 
for secure closure of the appendiceal stump similar to 
that of cystic duct closure. Rickert et al. [27] used a 
titanium double-shanked clip in their study. It has the 
ability to secure appendix stumps with a diameter of 
up to 20  mm safely. Despite being an easy and safe 
technique, the disadvantage is the need for a 12.5-mm 
trocar for introducing the clip applicator.

Table 1 Characteristics and outcomes of both techniques

Group A (ICK) Group B (MCC) P value

Age (years) 29.3 (range 18–41) 25.5 (range 13–44)

Sex (female) 52 65

Condition of the stump

Normal 6 7

 Hyperemia and mild edema 75 77

Severe edema and thickening of the stump 15 11 (1 wide)

Friability of the stump 3 (2 wide) 2 (1 wide)

Base necrosis 1 3 (1 wide)

Total no. 100 100

Wide base>10 mm 9 7

Intraoperative complications 0 0

Operation time (min) 45 (range 40–65) 37 (range 32–50)

Simplicity of the technique for the trainee +++ +++++

Hospital stay (days) 2.07 (range 1.3–2.4) 2 >0.05

Mean appendix diameter (mm) 10 (range 5–15) 10 (range 5–15)

ICK, intracorporeal knotting; MCC, metal clip closure technique; +, increasing numbers of +, mean more simple.
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We agreed with some authors’ study results [11,22,23] 
that using a titanium endoclip for appendiceal stump 
closure is safe and associated with a shorter operation 
time in LA. It also simplifi es the procedure and provides 
a useful alternative to ICK for appendiceal stump closure.

Th e only disadvantage of the titanium clip closure 
technique is the presence of appendiceal base necrosis, 
which was the most important factor responsible for 
procedure failure during the treatment of complicated 
appendicitis; one more reason for failure is an appendix 
with a wide base of more than 10 mm during MCC 
as clips do not close all diameters of the appendix. 
Th e use of mechanical stapler can circumvent the 
problem; however, it was not used in our study and 
management was performed successfully by ICK and 
base invagination by burse string sutures. In this study, 
the metal clip closure success rate was 83%, and the 
17% failure was due to either a wide  caliber base or the 
presence of advanced cecum–appendiceal infl ammatory  
edema or proximal third necrosis or gangrene. ICK 
succeeded to securing 94% of the appendiceal stump, 
and the failure was due to friability, base necrosis or 
tissue break down in cases of severe stump edema. 
In our study, severely infl amed or more than 10-mm 
wide appendiceal base could not be secured by the 
MCC technique (group B), but it was successful in 
only 83 (83%) patients; the other 16 patients had wide 
and friable bases. Some bases with severe edema and 
thickening needed more care during securing because 
forcible fi ring of clips or tight ligation led to tissue 
break down.

In both techniques, failure of securing the stump was 
managed by gentle ligation at the most fi rm viable 
point close to the cecum, and then reinforced by burse 
string sutures and base invagination.

Rakić et al. [32] reported that the cost of the 
endostapler was set at €378.50 (Endopath-
Endocutter ATG45; Ethicon Endo-Surgery Inc., 
Cincinnati, Ohio, USA) and the cost of the endoloop 
was set at €32.80 (Vicryl-Endoloop 0; Ethicon 
Endo-Surgery Inc.). In our study, the overall cost 
of the procedure in group A (ICK) was $465.5 and 
in group B (MCC) was $473.5 (P>0.05). Th e cost 
of titanium clips was $6.7 (about €5.2) and that of 
the polygalactin suture was $4.8 (about €4), which is 
very low compared with endoloops or endostaplers. 
From our study, the application of both techniques 
was found to be safe and cost eff ective, and there were 
no signifi cant diff erences regarding complications: 
only one case in group B had a delay in bowel sounds, 
which was not related to the technique used; also, the 
incidence of port-site skin infection was low in both 
techniques (P > 0.05). Th ere were no reported specifi c 
complications related to either techniques such as 
intestinal leak, blow out, or intestinal obstruction. 
Th ere was no signifi cant diff erence of cost or hospital 
stay for both techniques, but both were noticeably 
cheaper than those performed by staplers or endoloops.

Both techniques were feasible and cost eff ective, 
especially in developing countries, and MCC was 
much easier for trainees than the ICK technique and 
could be considered a preliminary step in teaching 
hospitals for closure of small-caliber noncomplicated 
appendix.

Conclusion
Both ICK and metallic clip closure techniques were 
safe and economic in securing the appendiceal stump, 
except for wide, severely edematous or gangrenous 
base, wherein the metallic clip closure technique was 
not appropriate and was inferior to knotting. 
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Introduction
Pseudomyxoma peritonei (PMP) is an uncommon 
locoregional surgical entity with an estimated incidence 
of one or two per million per year or two per 10 000 
laparotomy cases. It is characterized by the presence of 
a mucinous tumor on peritoneal surfaces producing a 
progressive amount of mucinous ascites. Th e primary 
tumor is thought to be predominately a mucinous 
epithelial neoplasm of the appendix [1].

Th e term PMP was fi rst introduced by Werth in 
1884 [2] describing it in association with a mucinous 
tumor of the ovary. In 1901, Frankel [3] described a 
case associated with a cyst of the appendix. If PMP 
is left untreated, mucin will eventually build up to 
the point where it compresses vital structures, such 
as the colon, the liver, kidneys, stomach, spleen, and 
pancreas  [4]. Many cases present unexpectedly at 
laparoscopy or laparotomy, or may be suspected 
at cross-sectional imaging, or staging, of another 
pathological entity. PMP is a disease more commonly 

seen in women (male : female ratio = 6 : 11); the mean 
age at presentation is 58 years [5].

Regarding its classifi cation, PMP is a broad 
descriptive term embracing a wide spectrum of 
biological behaviors of the neoplasm, from the benign 
to the frankly malignant lesion. Ronnett et al. [6] 
proposed a classifi cation distinguishing ‘disseminated 
peritoneal adenomucinosis’ from ‘peritoneal mucinous 
carcinomatosis’.

A defi nitive diagnosis of PMP requires the presence 
of (a) mucinous neoplastic cells/epithelium and (b) 
mucinous ascites with diff use intra-abdominal mucin. 
Some authors also consider the presence of diff use 
mucinous implants for a diagnosis [7]. Viable epithelial 
glandular cells must be identifi ed within the mucin 
pools by histological analysis to diagnose PMP.

PMP is a heterogeneous lesion, which may develop 
from mucinous metaplasia of the peritoneum or from 
appendiceal or ovarian lesions. Careful examination 
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of the ovary and appendix with appendectomy is 
advised in every case of PMP. Immunohistochemical 
examination of the peritoneal, ovarian, or appendiceal 
lesions using antibodies, in particular, that for CK7, 
would help in defi ning the origin of mucin production.

Recently, MUC 2 overexpression was suggested as 
a molecular marker for PMP of intestinal rather 
than of ovarian origin [8]. PMP has been reported 
as originating from the colon and rectum, stomach, 
gallbladder and bile ducts, small intestine, urinary 
bladder, lung, breast, fallopian tube, and pancreas.

Abdominal pain is the most common complaint of 
PMP with an incidence of 23% in the initial evaluation, 
whereas a newly onset hernia is seen in 12% of cases [9]. 
Th e usual clinical features of this tumor are increasing 
abdominal girth, ovarian tumors, hernia sac tumors, 
appendicitis-like syndrome, and infertility  [10]. 
Primary PMP rarely causes complications even in 
the presence of large-volume disease. Rarely, ureteric 
obstruction and lower limb edema secondary to venous 
obstruction have been reported. Recurrent disease, 
however, may occur on bowel surfaces and can cause 
fi brosis and intestinal adhesions. Th is often leads to 
intestinal obstruction or obstructive jaundice, which 
may prove fatal [11].

Narrowing, but rarely complete obstruction, of the 
gastrointestinal tract frequently occurs at three 
well-defi ned anatomic sites: the pyloric antrum, the 
ileocecal valve, and the cul-de-sac of Douglas [9]. 
Th ese are three portions of the gastrointestinal tract 
that are attached to the retroperitoneum and are 
relatively motionless. As mentioned above, PMP has 
multiple clinical manifestations that lead to diffi  culties 
in defi nitive diagnosis and timely treatment [12]. As 
symptoms remain nonspecifi c, the disease presents 
a great diagnostic challenge to clinicians. PMP 
can present with unspecifi c symptoms that mislead 
diagnosis. Patients usually experience a long period of 
deterioration in health before an accurate diagnosis is 
made [13].

Th e prognosis of PMP is poor. Th e 5-year survival rate 
is less than 50% [14]. Recently, heated intraperitoneal 
chemotherapy (HIPEC) was reported to provide 
62.5–100% survival rates for low-grade and 0–65% 
rates for high-grade disease [1]. Ten percent of 
patients die of PMP within 5.5 years of their initial 
presentation. Overall survival (OS) of patients is about 
75 and 68 for 5 and 10 years, respectively, as revealed 
by Ronnett et al.[6].

Treatment for PMP is variable, both because of 
the rarity of the disease and because of its often 

slow-growing nature [9]. Current treatment strategies 
range from follow-up with palliative supportive 
care to cytoreductive surgery with HIPEC or early 
postoperative intraperitoneal chemotherapy [15]. 
Palliative care includes monitoring with computed 
tomography (CT) scans, tumor marker tests, and 
physical symptoms, to determine when, and if, surgery 
is warranted.

Th ere is no consensus regarding the proper management 
of aggressive cases. Recent studies support that 
cytoreduction with peritonectomy plus HIPEC is a 
safe procedure that suggests an improvement in survival 
rates, even in aggressive cases [9]. Our study was 
designed to analyze the symptoms and signs of PMP, 
as well as the diagnostic tools, and evaluate the eff ect 
of treatment and factors infl uencing postoperative 
recurrence and survival in PMP in Egyptian patients.

Patients and methods
We reviewed consecutive cases of PMP that 
presented to the surgical department of the Main 
Alexandria University Hospital from January 
1990 to December 2012. We analyzed patient 
characteristics, clinical manifestations, surgical 
indications, preoperative radiological investigations, 
and patient management.

All analyses were performed using SPSS for Windows 
16.0.1 software [16]. Th e sex preponderance was 
analyzed with the χ2 method. Th e data were presented 
in proportions (percentages) for categorical variables 
and as means ± SEs (medians) for continuous variables.

Results
Th is study included 62 patients with PMP: 43 were 
women (69%) and 19 were men (31%). Th eir mean age 
at the time of diagnosis was 47.3 ± 11.6 years (median 
49, range 29–67). Th e predominance of women was 
statistically signifi cant (P = 0.08). Th ere were fi ve 
clinical presentations among our patients (Table 1).

Table 1 Different clinical presentations among patients with 
PMP

Chief complaint N (%)

Females Males Total

Abdominal pain 13 (21) 6 (9) 19 (31)

Acute abdomen 4 (6) 5 (8) 9 (15)

Increasing abdominal girth 11 (18) 4 (6) 15 (24)

Newly onset hernia 4 (6) 4 (6) 8 (13)

Coincidental diagnosis 10 (16) 1 (1) 11 (17)

Total 43 (69) 19 (31) 62 (100)

PMP, pseudomyxoma peritonei.
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Th e chief complaint was abdominal pain [28 patients 
(46%)], either chronic [19 cases (31%)] or acute [nine 
cases (15%)]. Th is was followed by increase in abdominal 
girth (abdominal distension) [15 cases (24%)] (Fig. 1), 
development of a new hernia [eight cases (13%), and 
fi nally coincidental diagnosis [11 cases (17%)]. During 
gynecological examination the condition was seen 
to be present in six women. Individual reasons for 
four women were cystocele, fever, mucoid feces, and 
palpable tumor; one man presented with a hydrocoele.

Seven patients (11%) had only a defi nitive preoperative 
histopathological diagnosis of PMP, which had been 
done by ultrasonography-assisted Tru-cut needle 
biopsy. Th e diagnosis was confi rmed by open surgical 
biopsy taken at the initial surgery in 44 cases (71%), 
at the second exploratory operation in 10 cases (16%), 
and at the third exploratory operation in one case.

Th e time interval between symptoms and defi nitive 
diagnosis ranged from 2 to 8 months, with a mean 
of 4 months. Various methods had been used for 
radiological investigation of our patients, some of them 
had undergone more than one technique. All patients 
had been investigated with abdominal ultrasonography. 
Of the 62 patients, 35 (57%) had undergone CT before 
initial surgery, three patients (5%) had undergone 
MRI, and another three patients (5%) had undergone 
gastrointestinal contrast fi lm. PMP had been diagnosed 
from 18 (51%) of the 35 CT scans, and hence CT had 
a sensitivity of 51% in recognizing PMP (Fig. 2).

For the 46 patients who had undergone initial surgery 
with a suspicion or diagnosis of PMP, diagnosis had 
been made in several ways using diff erent tools, and 
some of them had more than one proven diagnosis. 
Th e diagnosis had been made using CT in 14 patients 
(30%), with ultrasonography in 16 patients (35%), 
by MRI in two patients (4%), by a combination of 
ultrasonography-assisted fi ne needle biopsy and 
gastrointestinal contrast fi lm in one patient (2%), and 

with ultrasonography-assisted fi ne needle biopsy in six 
patients (13%). Suspected ovarian tumor was the most 
common cause for PMP, comprising 26 of 46 initial 
surgeries (56%).

During operations, synchronous ovarian lesions 
were detected in nine cases, appendiceal mass in 
four cases, metastatic adenocarcinoma in nine cases, 
adenocarcinoma of the pancreas in two patients, and 
gastric carcinoma in one patient. Th e origin of mucin 
production was not detected in most of the cases [21 
cases (46%)].

Normal preoperative CA125, carcinoembryonic 
antigen (CEA), and CA19.9 levels were detected in 
29 patients (47%). On the other hand, high levels of 
CA125 were correlated with ovarian neoplasm in 12 
cases, high CA19.9 was correlated with the two cases 
of pancreatic carcinoma, and CEA levels were high in 
seven cases of appendicular neoplasm.

Surgical debulking has been the traditional protocol 
at Alexandria Main University Hospital for managing 
patients with PMP. However, since 2007, an aggressive 
cytoreductive surgery (CRS) using peritonectomy has 
also been used in selected patients.

Treatment methods

(a) Watch and wait: Th is approach was adopted in four 
patients (11%) whose general health condition and 
age were not suitable for surgical or adjuvant therapy.

(b) Surgery: Th e traditional surgical approach was 
debulking to remove as much of the tumor as 
possible, which had been applied in 46 cases (74%) 
with additional removal of one or more organs, 

A female patient who presented with a huge distended abdomen. 
(a, b) The patient was diagnosed preoperatively as having PMP and 
received chemotherapy without response. PMP, pseudomyxoma 
peritonei.

a b

Figure 1

a

b

(a) CT of the abdomen and pelvis showing a huge abdominal 
mass (omental cake). (b) Tense abdominal ascites (jelly belly). CT, 
computed tomography.

Figure 2
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including removal of the uterus and ovaries in 25 
cases, appendix or right colon in 39 cases, and the 
greater omentum in all 46 cases. Disease recurrence 
had occurred in all cases with an average disease-
free period of 9 months (range: 6–18 months) 
(Figs. 3 and 4).

Repeat debulking surgery for recurrence had 
been performed for 12 cases with a higher rate of 
postoperative respiratory, cardiac, small bowel fi stula, 
and wound complications. Complications were seen in 
11 patients (91%).

A 65-year-old man presented with a huge abdominal 
mass (Fig. 4). On exploration, a large omental cake 
was found with multiple tumor deposits at the 
mesentery of the intestine. Complete excision of the 
mass and debulking of the abdominal deposits was 
done. No apparent primary cause was found, and the 
postoperative pathology was PMP. Th is patient came 
back after 2 years with a recurrent abdominal mass. 
On second exploration, debulking of the mass with 
appendectomy was performed.

(c) CRS as in (b) combined with total parietal 
peritonectomy had been performed as a primary 
operation in only 12 cases and as a second operation in 
10 cases: a total of 22 out of 62 cases of PMP (35%). 
Peritonectomy procedures involved stripping of the 
parietal peritoneum and resecting structures at fi xed 
sites that contained adenomucinosis tumor tissue 
(Fig. 5).

Th e CRS, consisting of fi ve procedures: omentectomy, 
splenectomy, left subdiaphragmatic peritonectomy, 
right subdiaphragmatic peritonectomy, pelvic 
peritonectomy — sleeve resection of sigmoid colon 
and cholecystectomy — lesser omentectomy three 
of our cases had been followed b y postoperative 
intraperitoneal chemotherapy with mitomycin C, 
heated to 44°C, followed by intraperitoneal 5-FU for 
5 days through abdominal drains.

(d) Systemic chemotherapy: First indication 
included nine patients with large tumors or 
with inoperable or recurrent PMP in our series 
(15%) had been offered a combination of primary 
chemotherapeutic agents as a primary method of 
treatment. The patients were given six cycles of 
adjuvant chemotherapy. For inoperable or recurrent 
cases, the response was assessed after three cycles. 
These patients were then reconsidered for surgery 
or for continuation of palliative treatment. Three 
patients (33%) had partial benefit from this 
treatment with partial response.

Figure 3

(a) Total abdominal hysterectomy. (b) Omentectomy of omental cake. 
(c) Total evacuation of the abdomen. (d) Large amount of gelatinous 
ascites (jelly like).

a

c

b

d

Figure 5

(a) Total omentectomy and parietal peritonectomy. (b) Abdomen 
ready for closure.

a b

Figure 4

65 years old male patient presented with huge abdominal mass, on 
exploration, large omental cake was found with multiple tumor deposits 
at mesentery of the intestine, complete excision of the mass, debulking 
of the abdominal deposits was done. No apparent primary cause was 
found, the pathology postoperative was PMP. This patient came back 
after 2 year with recurrent abdominal mass, on second exploration, 
debulking of the mass with appendectomy was done.  

a b

Another 18 patients (30%) had undergone 
chemotherapy as adjuvant treatment: after surgery 
in 10 cases that had undergone primary reduction 
surgery or after excision of recurrence in eight cases. 
It was generally well tolerated with little side eff ects. 
Th e most commonly used agents include cisplatin, 
carboplatin, paclitaxel, 5-fl ourouracil, capcitapine, 
and mitomycin C given either intravenously or 
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intraperitoneally (using a postoperative intraperitoneal 
catheter). Th e intraperitoneal drain catheter had been 
used for injection of local intraperitoneal chemotherapy 
comprising three cycles in only three cases. Patients had 
good tolerance to local peritoneal chemotherapy with 
no major complications. For PMP of ovarian origin, a 
combination of cisplatin or carboplatin and paclitaxel 
was administered to 25 patients, 5-fl ourouracil or 
capcitapine, mitomycin C with or without cisplatin 
for gastrointestinal origin cases, and gemcitabine for 
pancreatic tumors (two cases).

A total of 69 surgical procedures had been performed 
in 46 cases, including 46 primary operations, 10 
secondary operations, one tertiary cytoreduction and 
peritonectomy, and 12 second debulking procedures 
for recurrence. Postoperative mortality and morbidity 
results are shown in Table 2.

Th e 1-, 3-, and 5-year survival rates for all patients with 
PMP were 25.5, 9.3, and 0%, respectively. Th e median OS 
was 21 months. Details of disease-free survival and OS for 
all cases are shown in Table 3. Also disease-free survival 
and OS of cases of recurrence are shown in Table 4.

Discussion
PMP is a rare condition, which is known for its high 
mortality when not treated properly. Th e fi rst step 
toward improving the prognosis of these patients is to 
recognize this clinical syndrome at an early stage. Th e 
main symptoms of our patient were nonspecifi c and 
misleading, and led to delayed diagnosis.

Th e most important symptom cited in the literature 
is increasing abdominal girth (50%), whereas in our 
patients abdominal pain was the chief complaint 

(46%), which characterizes the progressive stage of 
disease with peritoneal dissemination. Patients present 
late with a typical ‘jelly belly’ and complain of intestinal 
obstruction caused by the progressive amount of 
mucinous tumor and ascites.

Th e mean interval between the existence of a primary 
tumor and established PMP is described to be ∼21 
months [17]. Th e time interval between onset of 
symptoms and defi nitive diagnosis in our series ranged 
from 2 to 8 months with a mean of 4 months.

Histopathological examination of the appendix usually 
reveals a mucinous epithelial neoplasm. In 30% of 
female patients, the fi rst symptom is an ovarian mass. 
Often these patients fi rst consult the gynecologist 
with a pelvic mass. Th e correct diagnosis is then 
awaited for until after surgery, when examination of 
the mucinous ovarian tumor and the appendix reveals 
PMP metastases from an appendiceal primary or less 
frequently from an ovarian primary. In some cases, 
during laparoscopy or laparotomy for whatever reason, 
or during hernia repair, the surgeon or gynecologist 
unexpectedly encounters mucus [18].

In our patients, various methods for investigations 
were used, including abdominal ultrasound, CT, MRI, 
and gastrointestinal contrast fi lm. PMP was diagnosed 
in 18 of the afore-mentioned 35 CT scans. CT had 
a sensitivity of 51% in recognizing PMP. Suspected 
ovarian tumor was the most common cause of PMP, 
comprising 57% of initial surgeries.

Th e origin of mucin production was not detected in 
most of the cases [21 cases (46%)]. Immunoreactivity 
for CK20 and CK7 is a good method for defi ning the 
original tumor. Unfortunately, these methods had not 
been applied to most of our cases.

Table 2 Different complication rates according to type of surgical interference

Type of operation Debulking Peritonectomy Cytoreduction, pertonectomy Recurrence debulking Total [n (%)]

Number 46 10 1 12 69

Operative mortality 2 1 0 4 7 (10)

Cardio-respiratory complications 6 2 1 6 15 (22)

Deep vein thrombosis 10 1 0 4 15 (22)

Intestinal leak 2 2 0 5 9 (13)

Wound dehiscence 8 2 0 4 14 (20)

Wound infection 14 2 1 4 21 (30)

Total 69 (100)

Table 3 DFS and OS of all cases according to method of treatment

Type of operation Primary debulking Cytoreduction and pretoneictomy Systemic chemotherapy Palliative supports P value

Number 35 11 2 4

Disease-free survival 10 18 0 0 NA

Overall survival 27 34 10 5 0.03

DFS, disease-free survival; NA, not applicable; OS, overall survival.
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Th ere has recently been a global interest in the 
management of PMP, particularly in the removal of the 
tumor through complex surgical techniques combined 
with total parietal peritoneal excision with or without 
HIPEC [19].

CRS with intraoperative HIPEC is a treatment strategy 
with encouraging survival results for selected PMP 
patients. Th e effi  cacy and superiority of this treatment 
compared with serial debulking have been established 
by many studies across the world. Th e outcome of this 
treatment has shown survival rates of 85% in 20 years, 
according to the latest follow-up studies. At least 
two randomized trials and many multicentric studies 
support this claim [20,21].

After treatment, patients should be monitored for 
recurrent or progressive disease. A CT scan is a very 
important tool for detecting progressive disease and 
can be performed 3 months after treatment as the basis 
for further follow-up. After that, a CT scan should be 
performed every 6 months in the fi rst year and once 
a year or when progression is suspected in subsequent 
years. Other useful tools for detecting disease in the 
postsurgical period are the tumor markers CEA and CA 
19.9, which also act as prognostic factors for survival [17].

Surgical excision of the tumor without rupture is 
important because rupture of the lesion causes PMP. 
Even in case of benign disease such as cystadenoma, 
dissemination of mucin-producing cells into the 
peritoneal cavity can cause PMP [22].

On the basis of the Sugarbaker peritonectomy 
procedure, a study by Deraco and colleagues showed 
that CRS with intraperitoneal hyperthermic perfusion 
permitted complete tumor removal, and this study 
confi rmed the effi  cacy of this combined treatment in 
terms of improved long-term survival and better local 
control of the disease [23,24]. A recent study by Faris 
and Ryan concludes that the treatment of the low-grade 
variants of PMP includes serial cytoreduction surgery, 
with data indicating possible, but unproven, benefi t 
from HIPEC, whereas there is no consensus so far 
on the role of cytoreduction and HIPEC in the 
management of the more aggressive histological 
variants and peritoneal carcinomatosis [25].

As a result, they support that systemic chemotherapy 
should be the standard of care for patients with 
high-grade variants and peritoneal carcinomatosis, as 
in our cases. Recent studies with promising results have 
shown that fl uorouracil-based adjuvant chemotherapy 
can be used for PMP of appendiceal origin [9]. 
However, one must know that most of these studies 
do not focus on cases of aggressive PMP. Finally, PMP 
may recur following CRS, as seen in our case, especially 
when the disease is diagnosed at an advanced stage.

In recent times the laparoscopic approach has enabled 
avoidance of a large incision for exploration of the 
peritoneal cavity, conferring the advantage of minimally 
invasive surgery. Laparoscopic access and visualization 
may be compromised by disease extent, in particular 
a large omental ‘cake’, rendering accurate laparoscopic 
assessment impossible.

Th ere are no randomized data on the role of 
adjuvant chemotherapy. Results from phase II trials 
and retrospective reviews are confl icting. Th e most 
widely used chemotherapeutic agents are 5-FU, 
cyclophosphamide, mitomycin C, and cisplatinum. 
Th e retrospective analysis from the Mayo Clinic series 
showed that survival rates were signifi cantly better in 
patients treated with intraperitoneal infusions than in 
those treated with systemic chemotherapy.

Th e use of heated intraoperative intraperitoneal 
chemotherapy after complete dissection of adhesions 
and before anastomoses are completed allows optimal 
perfusion of the chemotherapy to the peritoneal 
surfaces and organs. Th ere has recently been a global 
interest in the management of PMP, particularly in 
removal of the tumor by complex surgical techniques 
combined with total parietal peritoneal excision with 
or without HIPEC [19]. We hope that by introducing 
this technique at our institute we can improve local 
and overall outcomes.

Conclusion
PMP is a rare disease with poor prognosis when not 
treated properly and is characterized by mucinous 
ascites and peritoneal implants. Th e fi rst step in 
improving the prognosis is to recognize the clinical 
syndrome at an early stage. CT imaging should be 
the choice for radiological assistance in the diagnosis 
of PMP.

Surgical debulking is the standard treatment for PMP 
in primary and recurrent tumors. Combined modality 
treatment, consisting of CRS in combination with 
total parietal peritonectomy, could be appropriate for 

Table 4 DFS and OS of recurrent cases after recurrence

Type of 
operation

Debulking of 
recurrence

Chemotherapy 
for recurrence

Palliative for 
recurrence

P value

Number 12 14 20

Disease-free 
survival

8 0 0 NA

Overall survival 10 4 2 0.09

DFS, disease-free survival; NA, not applicable; OS, overall survival.
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aggressive peritoneal mucinous carcinomatosis. Adding 
intraoperative HIPEC is the standard approach for 
improving survival after surgical debulking of tumors 
with favorable histology.

Referring of patients to specialized centers that treat 
these patients on a regular basis is essential to prevent 
high morbidity and mortality. Improvement of survival 
can be achieved by a combination of surgical experience 
and adequate patient selection. Recurrence is common 
and requires reoperation with or without adjuvant 
chemotherapy.
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Background
Gastric cancers remain the second leading cause of 
cancer-related deaths globally [1]. Among these gastric 
cancers, gastric adenocarcinoma represents 90% cases 
of gastric cancers. Despite the improvement in surgical 
resections for gastric adenocarcinoma, the recurrence 
rate remains high in patients with advanced stage of 
disease. Although several studies have clarifi ed the 
prognostic indicators in gastric carcinoma, the timing 
of recurrence and pattern of postoperative recurrence 
are still not clear. Common sites of metastasis from 
gastric carcinoma are the liver, the lungs, the lymph 
nodes and the peritoneum. Metastasis to any type of 
skeletal muscle is rare and most of these are detected at 
autopsy. Metastasis to the skeletal muscles from gastric 
carcinoma is very uncommon, possibly because of high 
tissue pressure, accumulation of lactic acid, local changes 
in pH and oxygenation [2]. Commonly neoplasms 
metastasizing to the muscle are from the breast and the 
lungs and most common muscles involved are the psoas 
and the paravertebral muscles [3].

Case report
A 72-year-old woman was admitted to the 
Department Of General Surgery, SMHS Hospital, 
on 5 May 2012 with the chief complaint of recurrent 
vomiting and weight loss since 1 month. Th e patient 
also had decreased appetite since the same duration. 
On examination, patient was  found to be anaemic. 
Rest of the examination was grossly normal.  Complete 
blood count showed  haemoglobin of 8 g/dl.  Upper 
gastrointestinal endoscopy showed ulceroproliferative 

growth at the antrum with gastric outlet obstruction, 
and contrast enhanced computerized tomography 
(CECT) of the abdomen showed circumferential 
thickening of the pyloric antrum with perigastric 
nodes. Th e patient was operated, and distal gastrectomy 
with D

2
 lymphadenectomy with gastrojejunostomy 

was performed on May 2012. Histopathology showed 
well-diff erentiated adenocarcinoma and stage IIB 
disease. Th e patient did well during the postoperative 
period and was totally symptom free on follow-up. 
Th e patient received adjuvant chemoradiation after 
surgery.

Th e patient again presented to the surgical outpatient 
department (OPD) with a complaint of abdominal 
swelling since 1.5 months, ∼14 months after the surgery. 
Th e swelling gradually increased in size in the last 1.5 
months. On examination, the patient was pale and the 
respiratory system/ cardiovascular system/ central nervous 
system    was clinically normal. On abdominal examination, 
there was a visible bulge on the left central abdomen, a 
swelling about 3 cm ×4 cm arising from the abdominal 
wall occupying the left umbilical area and extending 
into the left iliac fossa (Fig. 1), which was nontender, 
fi rm-to-hard in consistency, overlying the skin free from 
swelling. Ultrasonography of the abdominal swelling 
showed globular mass in the left rectus muscle. Fine 
needle aspiration cytology (FNAC) of the swelling 
showed metastatic deposits of moderately diff erentiated 
adenocarcinoma. CECT of the abdomen showed nodular 
thickening with enhancement in the left rectus muscle 
(metastatic deposits) (Figs. 2 and 3) and anastomotic 
site was unremarkable. Upper gastrointestinal endoscopy 
showed patent gastrojejunostomy without any gross 
remarkable lesion. Th e patient was operated on 28 
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Discussion
Metastasis to any type of skeletal muscle is rare and 
most of these cases are detected at autopsy. Most 
common neoplasms metastasizing to the muscle are 
from the breast and the lungs, and the most common 
muscles involved are the psoas and the paravertebral 
muscle. Low incidence of metastasis to skeletal muscles 
is related to anatomical characteristics and biochemical 
environment of the skeletal muscle. Infl ammatory 
oncotaxis has been off ered as the most likely explanation 
for this phenomenon [4] of the skeletal muscle 
metastasis. Th e most common sites of metastasis from 
gastric carcinoma are the liver, the lungs, the lymph 
nodes and the peritoneum. Metastasis to the skeletal 
muscles from gastric carcinoma is uncommon and 
recurrence as skeletal muscle metastasis from operated 
case of cancer of the stomach is extremely rare. During 
surgery, if adequate precautions are not taken and 

September 2013 and operative fi ndings were: A large well-
defi ned 5 cm × 5 cm mass in the left rectus abdominus 
muscle. Bowel loops were adherent to the abdominal wall 
and gentle blunt dissection was performed to free the 
loops of the gut from the abdominal wall; enlarged rectus 
abdominus muscle was not involved with adhesions of 
the bowel. Th e peritoneal cavity was opened to release 
the adhesions in order to remove the specimen of rectus 
abdominus en bloc. In addition, thorough inspection 
of the peritoneal cavity was performed to look for any 
residual disease or concomitant malignancy. All of the 
viscera were grossly normal; anastomotic site was grossly 
normal and liver was free, no ascites. Excision of the left 
rectus abdominus muscle (Fig. 4) was performed with 
placement of polypropylene mesh over the abdominal 
wall defect. Postoperative period was uneventful and 
patient was discharged on third postoperative day with 
an advice to visit the surgery OPD and the radiation 
oncology OPD for follow-up.

Multiple CECT sections of the same patient.

Figure 1

Specimen of the left rectus abdominus containing metastatic deposits.

Figure 2

Visible swelling on the left side of the abdomen.

Figure 3

CECT of abdomen showing metastasis to the left rectus abdominus.

Figure 4
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oncological principles are not followed, implantation of  
tumour cells to wound can occur leading to metastatic 
deposits at the wound site. In our patient, while doing 
curative resection, all required precautions were taken 
to prevent spillage of tumour cells to wound, but still 
the possibility of implantation of tumour cells in 
the wound leading to metastatic deposits to the left 
rectus abdominus cannot be ruled out. Beşe et al. [5] 
reported a case of unusual skeletal muscle metastasis 
that occurred during follow-up of a patient after 
gastrectomy and adjuvant chemoradiation. Pestalozzi 
et al. [6] reported a case of skeletal muscle (calf ) 
metastasis as initial manifestation of adenocarcinoma 
of the stomach. Amano and Kumazaki [7] reported 
a case of gastric carcinoma with metastasis to the 
calf muscles. Del Cimmuto et al. [8] reported a rare 
case of the abdominal wall metastasis from gastric 
carcinoma. Narváez et al. [9] reported an unusual case 
of the bone and skeletal muscle metastasis from gastric 
adenocarcinoma.

Our patient presented swelling in the left rectus 
abdominus muscle after radical surgery and 
chemoradiation for carcinoma of the stomach, which 
on investigation was found to be metastatic deposits 
of moderately diff erentiated adenocarcinoma of the 
stomach. Patient was operated upon and excision of 
the left rectus abdominus muscle was performed with 
placement of mesh over the abdominal wall defect. 
Th is case of operated carcinoma of the stomach 
presenting as recurrence to the left rectus abdominus 
is among very rare cases of recurrence of carcinoma of 
the stomach to the skeletal muscle.

Conclusion
Patterns of recurrence after complete resection of 
gastric adenocarcinoma are variable because of the 
diff erence in tumour biology, primary treatment as 

well as mode and timing of recurrence detection. Th ere 
are very few case reports of recurrence of carcinoma of 
the stomach presenting as skeletal muscle metastasis, 
and among them recurrence to the rectus abdominus 
muscle is very rare. Our case of operated carcinoma of 
the stomach presenting as the left rectus abdominus 
metastasis is among the very few reported cases of 
metastasis to the skeletal muscle as recurrence of 
carcinoma of the stomach and was managed by excision 
of the left rectus abdominus muscle with placement of 
polypropylene mesh over the defect.
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