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SUMMARY

The f i r s t  section of th is  thesis discusses the role of stapling 

techniques in surg ica l p ra c t ic e .  A prospective c o n tro l le d  

c l in ic a l  t r i a l  is described, where surgical stapling techniques 

were compared with conventional manual suturing techniques in 

the construction of gastro intestinal anastomoses. The following 

section deals w ith  work on recurrence o f co lo re c ta l cancer 

following surgical treatment. Two c l in ic a l  studies are presented 

in th is  section, where "anastomotic techniques" and "anastomotic 

leaks" are examined re sp e c t ive ly  in re la t io n  to tumour 

recurrence. The f in a l  section o f  the thes is  describes 

experimental studies in a rodent model, which were designed and 

conducted to investigate the association between anastomotic 

leaks and peri-anastomotic tumour growth.

Suturing or s ta p lin g  in  g a s tro in te s tin a l surgery

Between April 1985 and April 1989 1,161 consecutive patients

undergoing surgery under the care o f  13 consu ltan t surgeons 

throughout the West o f Scotland and Highland regions were 

studied prospectively. A ll patients had operations that entailed 

the construction of a gastro intestinal anastomosis. I f ,  at the 

time o f surgery suturing and stapling techniques were considered 

equally appropriate, the method o f anastomotic construction was 

determined by randomisation. Methods of data co llec t ion , bowel

17



preparation, a n t ib io t ic  prophylaxis, anastomotic materials and 

anastomotic techniques were standardised by the study protocol. 

Four hundred and ninety six patients received sutured and 508 

received stapled anastomoses. In the remaining 157 pa t ien ts  

randomisation was considered inappropriate. A ll patients were 

fo llowed u n t i l  death or discharge from the h o s p ita l .  The 

incidence of c l in ic a l ly  evident anastomotic dehiscence was 3.3% 

in patients with sutured anatomoses, compared with 4.7% in the 

stapled group (p < 0.22). Sub-clinical (rad io log ica lly  detected) 

leaks were encountered with a s ig n if ica n t ly  higher frequency in 

the sutured group (14.4% versus 5.2%; p < 0 .05 ). Surgical 

stapling also afforded s ig n if ica n t ly  quicker anastomoses and 

operations (Mean anastomosis time + SEM: 28.1 ± 0.7 versus

14.3 + 0.5 minutes, p< 0.001; Mean operating time + SEM:

115.5 ± 2.4 versus 103.9 ± 2.2 minutes, p< 0.001). With regard 

to other important outcome measures such as operative m orta lity , 

in c id e n c e  o f  i n f e c t i v e  c o m p l i c a t i o n s ,  r e c o v e r y  o f  

g a s t ro in te s t in a l  func tion  and du ra tion  o f  ho sp ita l stay, 

suturing and stapling techniques produced comparable resu lts . 

Further detailed analyses are presented, where the randomised 

and non-randomised pa tien ts  were s t r a t i f i e d  according to 

anastomotic technique and various surgical categories. These 

data are hoped to provide guidance to  surgeons in t h e i r  

selection o f anastomotic technique.
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Anastomotic techniques and recurrence of colorectal cancer

Recently some concern has been expressed in the l i t e r a t u r e  

regarding a potential adverse influence on the recurrence of 

rectal cancer associated with the use of stapling techniques. 

Prompted by these reports, the e ffec t of anastomotic technique 

on the incidence of recurrence following po ten tia l ly  curative 

resections was studied in 294 patients. One hundred and fo r ty  

two o f these pa tien ts  had th e i r  anastomoses randomised to 

suturing and 152 to stapling. By the end of the second post

operative year the incidence of tumour recurrence (+ SEM) was 

29.4% (4.4%) in the sutured group, compared with 19.1% (3.9%) in 

the stapled group (p< 0.05). Cancer specific  m orta lity  was also 

s ig n if ic a n t ly  higher in patients with sutured anatomoses (22.3% 

+ 4.1% versus 10.9% + 3.0% at 24 months, p< 0 .01). Further 

analysis revealed that the influence of anastomotic technique on 

recurrence and morta lity  rates was independent of tumour stage 

and other co-variates.

These results  suggest that in patients undergoing po ten tia l ly  

curative resections fo r colorectal cancer, the use o f stapling 

instruments fo r  anastomotic construction may be associated with 

a s ig n i f ic a n t  reduction in recurrence and cancer s p e c i f ic  

m o r ta l i t y  ra tes compared w ith  conventional manual su tu r ing  

te c h n iq u e s .  P o te n t ia l  e x p la n a t io n s  f o r  t h i s  p re v io u s ly  

unreported observation are discussed.
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Anastomotic leaks and tumour recurrence

Long term c l in ic a l  consequences of anastomotic leaks in patients 

undergoing surgery fo r malignant disease has not been studied 

before. This study was undertaken to investigate the influence 

o f  anastomotic leaks on the incidence o f tumour recurrence 

fo llowing po ten tia l ly  curative resections for colorectal cancer. 

For the purposes o f the study pa tien ts  w ith both c l i n i c a l l y  

evident and rad io log ica lly  demonstrated leaks were considered 

together. One hundred and s ix ty  seven patients were studied, who 

were assessed both c l in ic a l ly  and rad io log ica lly  fo r  anastomotic 

in te g r i ty  following po ten tia l ly  curative resections fo r l e f t  

sided colonic or rectal cancer. Th irty  two of these patients had 

a c l i n i c a l  and/or a ra d io lo g ic a l  leak. In the remaining 135 

patients there was no evidence of an anastomotic leak in the 

post-operative period. At the end of a mean follow-up period of 

24.7 months (range 10-56 months) 15 o f  the 32 p a t ien ts  w ith  

leaks developed tumour recurrence (46.9%), compared with 25 of 

the 135 in the no leak group (18.5%, p< 0.001). The proportion 

o f  p a t ie n ts  who had died as a re s u l t  o f cancer at 24 months 

post-operatively (±SEM) was 36.9% (± 9.7%) in the "leak" group, 

compared with 12.6% (+ 3.3%) in the "no leak" group (p< 0.001). 

The assoc ia t ion  between anastomotic leaks and recurrence or 

m o rta l i ty  remained highly s ign if ican t a fte r adjusting fo r  the 

in f lu e n ce  o f  tumour stage in a m u lt ip le  regression ana lys is  

(p= 0.003 and p=0.001 respectively). As a potential explanation 

fo r  these results , i t  was postulated that an enhanced escape of
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e x fo l ia te d  in t ra - lu m in a l tumour c e l ls  in the presence o f  an 

anastomotic leak could be responsible fo r the higher incidence 

of local recurrence observed. This hypothesis was tested in an 

experimental model, which constitutes the subject of the f ina l 

section o f the thesis.

Experimental studies

These s tud ies were designed to  in ve s t ig a te  the re la t io n s h ip  

between the in te g r i t y  o f la rge bowel anastomoses and loca l 

tumour growth and to examine the mechanisms responsible fo r  any 

observed e ffec t of anastomotic leaks.

A model o f sub-lethal anastomotic leaks in end-to-end descending 

colon anastomoses was developed in the Fischer F344 ra t,  which 

was validated by testing fo r a ir  tightness in tra -opera tive ly  and 

by contrast radiography post-operatively.

In the f i r s t  set of experiments the growth pattern o f tumours in 

groups o f rats with and without leaks were examined, following 

p e r-o p e ra t ive  in t r a - re c ta l  i n s t i l l a t i o n  o f 7.5 x 10^ Mtln3 

ce l ls .  Animals in the control group had the same procedure at 

the time o f  laparotomy w ithout any anastomosis. Post-mortem 

examinations 21 days la te r  revealed that in the absence o f a 

bowel anastomosis in tra -recta l in s t i l la t io n  of tumour ce l ls  did 

not resu lt in tumour growth in any animal. In contrast, when an

21



anastomosis was performed, a variable proportion of the animals 

developed peri-anastom otic  and widespread in tra-abdominal 

tumours. The incidence of tumour growth was dependent on the 

in te g r i ty  of the anastomosis. Animals with anastomotic leaks had 

s ig n if ica n t ly  higher incidence of tumours compared with those 

which had no leaks (p<0.001).

In another set of experiments the growth pattern of c ircu la t ing  

tumour ce lls  was investigated in the presence and absence of 

anastomotic leaks. 5 x 10  ̂ Mtln3 ce lls  were injected in to the 

l e f t  v e n t r ic le  v ia  the c a ro t id  a r te ry  three days a f te r  the 

construction of descending colo-colostomies (with and without 

leaks). The animals were sacrif iced at day 21. In the control 

group, intracardiac in ject ion  of Mtln3 ce lls  did not resu lt in 

tumour growth in normal bowel in any animal. In contrast, the 

presence of an anastomosis almost always induced tumour growth 

lo ca lly ,  irrespective of whether or not there was a leak. The 

growth pa tte rn  o f tumours in  other t issues d id not d i f f e r  

between the animals in the con tro l group and those w ith  

anastomoses, again irrespective of anastomotic in te g r i ty .
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CHAPTER 1 

BACKGROUND AND LITERATURE REVIEW
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1.1 INTRODUCTION

Since the ea r l ies t days of abdominal surgery, mechanical devices 

of various kinds have been used as aids in performing in tes tina l 

anastomoses. The main pr inc ip le  employed by these devices was to 

in v e r t  and compress bowel edges together which resu lted  in 

sloughing of the compressed margins while external to th is  the 

bowel healed and remained united The plates, c lips  or

buttons made of various materials would come loose in the lumen 

and were passed with faeces. With the possible exception of

the Murphy button none o f these devices gained widespread

popularity and none bears any resemblance to modern surgical 

stapling instruments.

1.2 DEVELOPMENT OF STAPLING INSTRUMENTS

The development of surgical stapling instruments is commonly 

a ttr ibu ted to the In s t itu te  of Experimental Surgical Apparatus 

and Instruments in Moscow (^,4) Although the surgical stapling 

instruments c u r re n t ly  in use in the Western world are 

d e r iv a t iv e s  o f  the Soviet instruments developed in th is  

In s t i tu te ,  the ea rl ies t example of a mechanical instrument that 

resembles a modern s ta p le r  was invented in 1908 by H u l t l ,  a 

prominent surgeon in Budapest (5 ). Named the F isch e r-H u lt l  

s tap ler a fte r i t s  manufacturer and inventor, th is  instrument 

consisted o f a large crushing type forceps with a cog wheel, 

gear rod and a moving crankshaft to de liver the U-shaped steel 

wires. Two of the princip les employed in the design o f th is
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instrument prevail to date. One is the "B" shape closure of 

the staples and the second is  the ap p lica t io n  o f  two double 

staggered rows of staples. Despite the instant success that 

the instrument met, i t  also had i t s  shortcomings. I t  was 

expensive, cumbersome and heavy. Another young surgeon in 

Budapest, von Petz, developed a modification of the Fischer- 

H u lt l  s ta p le r  in 1921 which was l ig h te r  and more p ra c t ic a l .  

The von Petz instrument soon replaced the Fischer-Hultl stapler 

in  most in s t i t u t io n s  and remained in use u n t i l  f a i r l y  

recently ^ . Two of the new design features employed in the 

von Petz stapler, f l a t  and heavy s i lve r wire staples in a single 

f i l e ,  have been abandoned in the construction of modern stapling 

instruments in favour o f f in e  steel w ire s tap les and double 

staggered rows.

1.2.1 THE SOVIET STAPLING INSTRUMENTS

The F is h e r-H u lt l  and the von Petz s tap le rs  insp ired  several 

surgeons who developed s l ig h t ly  modified instruments operating 

on the same basic p r in c ip le s  (1 *^ ) .  None o f these however 

gained widespread use. A major step in the development of modern 

s ta p l in g  instruments was the undertaking o f  a systematic 

programme at the S c ien t if ic  Research In s t itu te  fo r Experimental 

Surgical Apparatus and Instruments (NIIEChAI) in Moscow (*>3) 

In th is  in s t i tu te ,  which opened in 1951, a range of ingenious 

su rg ica l s ta p l in g  instruments were developed in  the 1950s. 

These may be divided into several groups:
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i .  Instruments effecting a l inear closure (the prototype being 

named UKL stapler) which applied a double staggered row of 

staples in a number of d if fe ren t patterns intended for 

d if fe ren t s ites. A modification of th is  basic linear 

stapler (UTL) worked in two steps and applied a second 

layer of staples inverting the f i r s t  staple l ine , 

i i .  I n s t ru m e n ts  d e s ig n e d  to  c o n s t r u c t  s id e - to - s id e  

gastro intestinal anastomoses (NZhKA). The prototype of 

th is  series of instruments consisted of two limbs, one 

housed the staples and a knife and the other the anvils. 

The two halves of the instrument were inserted into the 

lumen of the loops of bowel to be anastomosed and were 

mated and locked. Pushing the knife through drove in the 

staples in two rows and divided the stapled tissue midway 

between the staple lines,

i i i .  Instruments c rea ting  c i r c u la r ,  in v e r t in g ,  end-to-end 

anastomoses (PKS, SPTU, KS). In the construction of an 

anastomosis with these instruments, one end o f the bowel 

was secured to the end of the cy lindr ica l shaft o f the 

instrument and the other bowel end to the detachable nose 

cone of the instrument by means of purse-string sutures. 

These two bowel ends were then brought together by turning 

a knob on the handle o f the instrument. Squeezing the 

handle f ired  a c ircu la r row of staples and drove home a 

c ircu la r  knife which cut through two purse-stringed ends 

of the bowel ju s t  inside the c ircu la r staple l in e ,  hence 

creating an inverted end-to-end anastomosis.
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iv .  In the same in s t i tu te  in Moscow, Russian surgeons have also 

developed a considerable v a r ie ty  o f other s ta p lin g  

instruments to create vascular anastomoses, c l ip  vessels 

in c o n t in u i ty ,  l ig a te  major bronchial and pulmonary 

vascular trunks, staple ribs, sternum, fractured bones, 

a f f ix  corneal gra fts , etc.

The Soviet staplers designed fo r use in gastrointestinal surgery 

represent the f i r s t  instruments creating true anastomoses as 

well as simple l inear closures. They a l l  operated on the same 

two-step action whereby the tissues are approximated f i r s t  to 

the required degree and the staples are then driven home to jo in  

the tissues together. Unlike the Fischer-Hultl or the von Petz 

instruments, these stapling devices did not crush tissues and 

required no additional sutures to invert an everted staple l ine . 

An eve rte d  mucosa-to-mucosa anastomosis was however 

contradictory to the longstanding surgical dictum of serosa-to- 

serosa approximation and in the e a r l ie r  days o f t h e i r  

a p p l ic a t io n  eve rte d  s ta p le  l in e s  were a lm ost always 

oversewn W .

1.2.2 AMERICAN STAPLING INSTRUMENTS

D esp ite  the  r e v o lu t io n a r y  in n o v a t io n  they brough t to  

g a s t ro in te s t in a l  and tho rac ic  surgery, the Soviet s ta p l in g  

instruments had a number of drawbacks. They were manufactured 

ind iv idua lly  by hand, so th e ir  parts were not interchangeable.
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Most of the instruments necessitated the staples to be hand- 

loaded one by one. For those instruments th a t  accepted a 

cartridge, a complicated disassembly was required to replace an 

expended cartridge. Each instrument accepted a single size of 

cartridge with a single arrangement of staples so that a large 

varie ty  of these instruments needed to be kept in each operating 

theatre. Furthermore the multiple delicate moving parts in the 

design of the instruments created d i f f i c u l t ie s  in cleaning and 

maintenance and rendered them susceptible to breakage.

The pioneers of surgical stapling in the United States were Mark 

Ravitch and F e l ic ie n  Steichen. Both these surgeons were 

introduced to the Soviet instruments during t h e i r  v i s i t s  to 

Russia and gained f u r t h e r  experience  w ith  t h e i r  use 

experimentally and c l in ic a l ly  in the United States^*®*^*®). 

In the mid 1960s, with technical advice and recommendations from 

Ravitch and Steichen, United States Surg ica l Corporation 

(Norwalk, Connecticut) manufactured the f i r s t  American designed 

surgical stapling instruments. I n i t i a l l y  these instruments 

were lim ited to TA and GIA series instruments which operated on 

the same principles as the Soviet UKL and the NZhKA staplers. 

They were however l ig h te r ,  better balanced and were provided 

with p rester il ised, colour-coded disposable cartridges. The 

c a r t r id g e  replacement was an easy procedure re q u ir in g  no 

disassembly o f  the instrument and each instrument accepted 

ca r tr id g e s  w ith  various patterns and sizes o f  s tap les . In
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addition, a l l  the fine moving parts, staple-driv ing f ins  and 

knife blades were incorporated into the disposable cartridge 

leaving the basic instrument as a simple, t ro u b le - f re e  

compression device. The American design also reaffirmed the 

use o f f in e  s tap le  m ateria ls  and double staggered rows o f 

staples. In the early 1970s the equivalent of the Soviet SPTU 

c ircu la r stapling instrument was introduced by United States 

Surgical Corporation as the EEA stapler. There has since been 

fu r th e r  refinements in surg ica l s ta p lin g  instruments w ith 

to ta l ly  disposable models and an extended range of cartridges 

having d i f f e r e n t  sizes and patterns o f s tap les , however a l l  

s ta p l in g  instruments c u r re n t ly  in use in g a s t ro in te s t in a l  

surgery are fundamentally derivatives o f the orig ina l TA, GIA 

and EEA series. United States Surgical Corporation remains a 

large su p p l ie r  o f surg ica l s tap ling  instruments in North 

America, Western Europe and the Far East. At least one other 

large company manufacturing surgical suture materials, Ethicon 

Corporation, have since launched th e ir  own brand of visceral 

stapling intruments

TA instruments

The TA instruments are used to effect everting l inea r closures 

by inserting two double staggered lines of staples 30, 55 or 90 

mm long. There are two stap le sizes 3.5 and 4.8 mm, 

accommodating fo r  the d if fe ren t thicknesses o f tissues being 

stapled. The TA30 in addition has a special cartridge loaded
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with  f in e r ,  c lose ly  spaced staples in two or three rows fo r  

s ta p l in g  across large vessels in procedures l i k e  lobectomy, 

pneumonectomy, nephrectomy, etc. ( 10). The TA instruments are 

suitable fo r closure of a l l  parts of the gastrointestinal t ra c t .  

One o f t h e i r  most important app lica t io ns  however is  in the 

various techniques in which pulmonary parenchyma is sealed p r io r 

to incision or excision hence giving the instrument i ts

name, the Thoraco Abdominal stapler. More recently absorbable 

staples have been developed using a la c t id e  - g ly c o l ic  

copolymer. Cartridges of these absorbable staples f i t te d  to a 

TA 55 instrument (Polysorb 55 stapler) allows application of 

stapling techniques in areas where stainless steel is contra

in d ic a te d ,  e s p e c ia l l y  in  g yn a e co lo g ica l and u r o lo g ic a l  

procedures (12,13)^

GIA Instruments

The GIA stapler inserts two 50 mm long double staggered rows of 

staples and during the same process divides the tissue between 

the staple lines. Orig ina lly  the GIA instrument, modified from 

i t s  Russian predecessor, was intended fo r  the construction of 

anatomic side-to-side inverting anastomoses. The two limbs of 

the instrument are inserted through small openings in to  the 

lumen of the organs to be anastomosed. When the instrument is 

closed and f ire d  i t  converts these two openings into one, as the 

anastomosis is constructed. This single opening can e ither be 

closed manually or by an application of the TA instrument. In
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ad d it io n  to performing s id e -to -s id e  anastomoses, the GIA 

instrument is also used to transect and simultaneously close the 

ends of every portion of the gastrointestinal t ra c t .  A true 

anatomic end-to-end everted anastomosis in the small bowel or 

colon is  also fe a s ib le  with the l in e a r  s tap ling  instruments 

(14,15). ste ichen however developed an easier technique to 

construct a functional end-to-end anastomosis with GIA and TA 

instruments (1®). Except fo r situations where the intraluminal 

c i r c u la r  s ta p l in g  instruments are b e tte r  su ited , mainly 

anastomoses of the oesophagus and the rectum, the functional 

end-to-end anastomosis has become the fundamental technique fo r 

stapled in tes tina l reconstruction.

Further modifications of these basic l inear stapling instruments 

have been developed which considerably f a c i l i t a t e  ce r ta in  

surgical procedures l ike  the construction of i le a l reservoirs, 

je junal pouches, gastroplasties fo r morbid obesity etc (17-20)

EEA Instruments

The EEA ser ies  s tap le rs , being insp ired  by the Soviet SPTU 

instrument, are designed to create inverting, anatomic end-to- 

end c ircu la r  anastomoses. Although the i n i t i a l  EEA gun, which 

was loaded w ith  a disposable c a r tr id g e  has been almost 

completely replaced by more refined, to ta l ly  disposable models, 

they both operate on the same princ ip le . The anvil at the end 

of the central rod of the instrument is  detachable. The ends of
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bowel to be anastomosed are secured to the anvil and to the end

of the rod by means of purse-string sutures. The anvil is then

attached to the cen tra l rod and t issues are apposed to the

appropriate extent. Firing the gun from the handle jo ins the

tissues by inserting two staggered c ircu la r rows of staples and

ju s t  inside the staple lines a c ircu la r knife cuts the tissues

completing the anastomosis. The EEA stapler can be used to

perfo rm  e n d -to -e n d  anastomoses in  any p a r t  o f  the

gastro in testinal t ra c t .  However i ts  principal indications are in

the construction of rectal anastomoses, pa rt icu la r ly  deep in the

pelvis where manual suturing poses d i f f i c u l t ie s ,  and anastomoses

o f parts  o f the g a s tro in te s t in a l  t r a c t  w ith  the oesophagus 

(21-23)

1.3 CLINICAL EVALUATION OF THE SURGICAL STAPLING INSTRUMENTS

1.3.1 Early studies

The pioneering work of Ravitch and Steichen in the 1960s and 

e a r ly  1970s stim ulated a wave o f enthusiasm in surg ica l 

s tapling. The e a r l ie r  studies in the l i te ra tu re  were confined 

to  reviews by a number o f  authors o f t h e i r  p re l im ina ry  

experience with stapling instruments. Between 1967 and 1971 

Steichen and Ravitch operated on 218 patients using stapling 

instruments with 17 complications and one death (^4) Latimer 

and his colleagues studied 104 pa t ien ts  w ith  112 stapled 

gastro in testina l operations. Four deaths and 18 complications 

were encountered in  t h i s  s e r ie s .  Only f i v e  o f  these
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complications were stapler related (25). Fain and associates 

reported 165 low anterior resections carried out at the Moscow 

P roc to log ica l I n s t i t u te  using the SPTU instrument w ith  2.4% 

m orta lity  and 3.6% anastomotic leak rate (2^). Lawson et a l ., 

reported three deaths and four stapler related complications in 

a series o f  113 stapled g a s t ro in te s t in a l  procedures ( 2^ ) .  

Goligher reported four c l in ic a l and four radiological leaks in 

62 stapled low anterior resections (2®). Heald in a s im ilar 

series o f 60 pa tien ts  reported s ix  c l in i c a l  and three 

ra d io lo g ic a l  leaks w ith the c i r c u la r  s tap le rs  ( 2^ ) .  smith 

reported the re s u lts  o f a survey o f the American Society o f 

colon and Rectal Surgeons (30) where data from 243 surgeons 

using the EEA s ta p le r  on 3,594 operations was summarised. 

Postoperative anastomotic dehiscence was reported in 2.5% of 

these cases. In addition, on 352 occasions (9.8%) a defect in 

the anastomosis was noted and dealt with in tra-operative ly .

Despite the in i t i a l  enthusiasm that the stapling instruments 

received, re la t ive ly  few investigators have attempted to compare 

surgical stapling with conventional manual suturing techniques 

and o f these comparative stud ies the m a jo r i ty  have been 

retrospective.

The experience with stapling instruments in the Soviet Union was 

reported by Gritsman (31) f rom Moscow in 1966. In a la rge  

series consisting of 1,663 patients, the m orta lity  a fte r stapled
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g a s t r ic  resections was 1% fo r  benign disease and 3.6% fo r  

g a s t r ic  cancer. This was compared w ith  the f igu res  tha t 

Gritsman accumulated from the data in the l i te ra tu re  on 42,528 

gastrectomies fo r peptic ulcer and 10,358 resections fo r cancer 

(excluding to ta l gastrectomies) where the m orta lity  was 3.2% and 

10.4% respectively. Chassin et a l ., in 1978 reported a study of 

812 consecutive gastrointestinal procedures (32). ywo hundred 

and ninety six of these procedures were sutured and these were 

compared w ith  472 subsequent stapled procedures. The 

complication rates related to the anastomotic technique were 

4.4% in the sutured and 4.1% in the stapled groups. Weil and 

Scherz (33) in 1981 reviewed 545 B i l l ro th  I I  gastrectomies in an 

attempt to compare the results of stapled and sutured cases. 

One hundred and e igh ty  two pa tien ts  had staples used fo r  at 

least one anastomosis. There were no complications out o f 71 

stap led gastroenterostomies and fou r leaks occurred in 160 

stap led duodenal stumps (2.5%). In the sutured group 

c o m p l i c a t i o n  r a te s  f o r  duodena l stump c lo s u r e  and 

gastroenterostomies were 4.7% and 3.5% respectively. Lowdon 

and h is  colleagues (^ 4) reviewed 481 upper g a s tro in te s t in a l  

procedures on 310 patients. Two hundred of these procedures 

were stapled and 281 sutured. The cumulative incidence fo r  a 

number o f  anastomosis re la ted  complications was 21% in the 

sutured group compared with 16% in the stapled group. The only 

s ign if ica n t difference between the two groups, in favour o f the 

stapled group, was in the incidence o f duodenal stump leaks.
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Scher et a l ., (35) reported a s im ilar comparative study in 242 

consecutive patients undergoing colonic resections. There were 

155 pa t ien ts  with sutured anastomoses and 87 w ith  stapled 

anastomoses. A to ta l of six c l in ica l leaks were encountered, 

three in each group. They found no d if fe ren ce  between the 

groups in terms of operating time, return of gastro intestinal 

function or duration of hospital stay.

1.3.2 Prospective Controlled Studies

The f i r s t  prospective randomised comparison o f su tu r ing  and 

s ta p l in g  techniques appears to have been ca rr ied  out in the 

Soviet Union, which apart from the work described in th is  thesis 

remains the largest such study to date (36). This study was 

reported by Kabanov in 1973 where the Russian s ta p l in g  

instruments were compared with manual sutures in 826 patients 

undergoing gastric surgery fo r ulcer disease. There were 415 

p a t ie n ts  in the sutured group while 411 operations were 

performed with the stapling instruments. Bleeding occurred in 

2.9% o f the stapled pa tien ts  and 1.9% o f the sutured cases. 

Incidence o f  duodenal stump leakage was 0.6% in the stapled 

group compared w ith 2.2% in the sutured group. No leaks 

occurred in stapled gastroenterostomies and seven leaks (1.6%) 

in  manual gastroenterostomies. The incidence o f  wound 

in fection and subdiaphragmatic abscesses were 0.7% and 0.07% fo r  

the stapled cases compared with 1.9% and 1.9% fo r  the sutured 

cases. Kabanov concluded that the use of stapling instruments
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resulted in s ig n if ica n t ly  lower post-operative complications and 

m orta lity  compared to manual suturing in gastric surgery.

The f i r s t  prospective controlled study of suturing and stapling 

techniques in the Western l i te ra tu re  was reported by Reiling and 

his  colleagues (37). Patients w ith a l l  g a s tro in te s t in a l  

anastomoses were randomised into th is study. A fter recru it ing  

100 patients however (50 sutured and 50 stapled), the study was 

terminated prematurely because a l l  the authors f e l t  tha t 

s tap le rs  were more time e f f i c ie n t .  There were no pos t

opera tive  leaks or haemorrhage. Three pa tien ts  w ith  stapled 

anastomoses had intra-operative disruption of the anastomosis, 

which were recognised and r e c t i f i e d .  No d if fe re n ce s  were 

observed between the two groups in terms o f opera ting time, 

recovery of gastro intestinal function or hospital stay.

A year la te r  Beart and Kelly from the Mayo C lin ic  reported a 

prospective randomised eva luation o f the EEA s ta p le r  fo r  

colorectal anastomoses (38). Seventy patients were randomised, 

35 in to each o f the sutured and stapled arms of the study. The 

only s ign if ican t difference between the two groups in the study 

was a sho rte r anastomosis time fo r  s ta p le rs .  Three i n t r a 

operative complications were encountered in the stapled group 

which required defunctioning colostomies in two occasions and 

re su lted  in the loss o f rectum in the th i r d  p a t ie n t .  Ten 

a d d it io n a l low co lo re c ta l anastomoses, which the authors 

thought could not have been sutured, were not randomised.
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The following year Brennan et a l ., from Scarborough published a 

controlled t r i a l  of anastomotic techniques in a l l  large bowel 

surgery (39) . They compared the Russian SPTU c ircu la r stapler 

w ith  a s ing le  layered suturing technique in 103 pa t ie n ts . 

Three patients allocated to stapling had sutured anastomoses due 

to technical fa ilu res and were excluded from analysis. There 

were three c l in ic a l  and two radiological leaks among 50 sutured 

cases, compared with f ive  c l in ica l and two radiological leaks in 

the stapled group. Suturing afforded s ta t is t ic a l ly  s ign if icant 

advantages in terms of wound infection rate and post-operative 

hospital stay.

McGinn and h is  colleagues from Southampton reported another 

prospective randomised study evaluating anastomotic techniques 

fo r low colorectal anastomoses (^0) Sixty patients underwent 

sutured anastomoses in th is  study whereas 58 were randomised to 

receive stap led anastomoses with the EEA or the ILS (ILS 

Proximate, Ethicon Ltd., Edinburgh) c ircu la r  staplers. In the 

su tu red  group th e re  were two c l i n i c a l  leaks  and fo u r  

radiological leaks with no morta lity . In comparison, four of 

the attempted stapled anastomoses resu lted  in techn ica l 

fa i lu res . There were seven c l in ica l leaks, 14 radiological leaks 

and one death in the remainder of the stapled group. Apart 

from the differences in the leak rates, the two techniques were 

shown to be comparable in terms of operating time, incidence of 

wound in fe c t io n s  and post-opera tive  ho sp ita l s tay. The
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unusually high stapled leak rates in th is  study might be 

p a r t ia l ly  explained by the re la tive  inexperience of the authors 

with the stapling instruments which is admitted in the paper.

A year la te r  Everett and his co-workers from Cambridge

reported a prospective controlled comparison of stapling and 

suturing fo r l e f t  sided large bowel anastomoses. There were 50

patients in each arm of the study, however in six patients a 

stapled anastomosis could not be performed sa t is fa c to r i ly .  The 

leakage ra tes were very s im i la r  between the two groups (two 

c l in ic a l  leaks in each group; seven stapled and six sutured 

radiological leaks). Stapling afforded s ign if ica n t ly  quicker 

opera tions. No other s ig n i f ic a n t  d if fe rences  were noted 

between the two groups.

D ido lka r and his colleagues from Baltimore compared

sutures and staples in 88 pa tien ts  w ith advanced cancer 

undergoing large or small bowel anastomoses. The only 

difference between the sutured and stapled groups was quicker 

anastomoses with staples.

More recently Seufert et al reported a prospective randomised 

t r i a l  comparing sutured and stapled oesophagojejunostomies 

following to ta l gastrectomy in 80 patients W )  Operating time 

and post-operative hospital stay were s im ilar fo r both groups. 

Two p a t ie n ts ,  one in each group died and one stap led
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oesophagojejunal anastomosis dehisced. In addition f ive  patients 

(3 sutured and 2 stapled) had duodenal stump leaks, f iv e  

developed pancreatic f is tu la  (2 sutured and 3 stapled), three (1 

sutured and 2 stapled) had intra-abdominal bleeding, f iv e  

developed intra-abdominal abscesses (1 sutured and 4 stapled) 

and six (2 sutured and 4 stapled) relaparotomies were required.

In summary, the majority of the early reports in the l i te ra tu re  

suggest th a t  s ta p l in g  tech no lo gy  re p re se n ts  a fe a s ib le  

a l t e r n a t i v e  to  c o n v e n t io n a l  s u t u r in g  te c h n iq u e s  in  

gastro in testina l surgery. However due to the ir  uncontrolled, 

retrospective nature these studies do not provide an assessment 

of the re la t ive  merits of suturing and stapling. Prospective 

controlled studies are re la t ive ly  few in number and they have 

focused on s p e c i f i c  areas o f  g a s t r o in t e s t in a l  s u rg e ry .  

Furthermore, these studies have produced some c o n f l ic t in g  

results and the small sample sizes has lim ited th e ir  power to 

reach firm  conclusions. Therefore, there seems to be a need for 

a prospective randomised t r ia l  to better define the potential 

ro le o f surgical stapling in gastrointestinal surgery.
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CHAPTER 2

PATIENTS AND METHODS
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2.1 INTRODUCTION

The discussion in the preceding chapter highlighted the lack of 

rational guidance regarding the role of surgical stapling in 

gastro intestinal surgery. This study was undertaken to address 

th is  important gap in the s c ie n t i f ic  l i te ra tu re .  The specific  

aims o f the in v e s t ig a t io n  were to compare surg ica l s ta p lin g  

techniques with conventional manual suturing techniques in the 

con s truc t io n  of emergency and e le c t iv e  g a s tro in te s t in a l  

anastomoses with regard to immediate post-operative outcome. 

To f u l f i l  these aims a m u lt ice n tre ,  prospective, randomised 

c l in ic a l  t r i a l  was conducted where patients undergoing surgery 

amenable to both stapling and suturing techniques were randomly 

a l loca ted  to  one or the other group and were p rospec tive ly  

followed u n t i l  discharge from hospital.

2.2 PARTICIPATING UNITS AND SURGEONS

Patient recruitment into the study commenced in April 1985, with 

the p a r t ic ip a t io n  o f seven consu ltan t surgeons in three 

hospitals throughout the West of Scotland. The t r ia l  was co

ordinated cen tra lly  from the University Department of Surgery, 

Western Infirmary, Glasgow, where four of the seven partic ipants 

were also based. The two other centres were the surgical units 

o f two d is t r ic t  general hospitals, one in Greenock and one in 

A y rsh ire . During the course o f the t r i a l  three other 

consultant surgeons from these hospitals, three from Raigmore 

Hospital in Inverness and one from the Royal Alexandra Hospital
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in  Paisley jo ined the study br ing ing the to ta l  number of 

c o n tr ib u to rs  to 13. Patient recru itm ent was terminated in 

April 1989.

2.3 PATIENTS

Any patient under the care of the partic ipating surgeons who was 

scheduled to undergo e le c t iv e  or emergency g a s tro in te s t in a l  

surgery was considered fo r e l i g i b i l i t y .  The pre-requisite fo r 

randomisation was that the operation involved the construction 

of a gastro intestinal anastomosis which was suitable fo r e ither 

anastomotic technique. A ll patients were studied irrespective 

o f whether the operation was performed by the responsib le 

consultant or by one of his jun io r s ta f f .

2.4 DOCUMENTATION OF DATA

A ll data were collected prospectively and recorded on standard 

patient information documents in a format suitable fo r computer 

storage and ana lys is . Methods o f  data c o l le c t io n  and

unambiguous de fin it ions of a l l  recorded peri-operative variables 

were agreed upon p r io r  to the commencement o f the t r i a l .  

Partic ipating units were v is ited  frequently by the study co

ordinator to ensure uniformity of data collection and recording. 

Any inconsis tenc ies were resolved in d iscussion w ith  the 

in d iv id u a l  in v e s t ig a to r s .  Regular meetings f o r  the 

partic ipants during the course o f the t r i a l  were also arranged, 

where any problems in the conduct of the study were discussed,
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resolved and p a r t ic ip a n ts  were updated about the ove ra l l  

progress. Anonymity of the patients was assured and information 

stored in the computer complied with the Data Protection Act.

To ascerta in  the accuracy o f the recording o f data and i t s  

transcrip tion into computer, a 10% random sample of the study 

popula tion was selected a f te r  the te rm ina tion  o f p a t ien t 

recru itm ent and the p r in c ip a l variab les recorded in these 

randomly selected documents were checked against the orig inal 

hospital records.

2.5 STANDARDISATION

Anastomotic materials and techniques were standardised by the 

study protocol. Sutured anastomoses were constructed using 2/0 

braided polyamide suture materia l (Nurolon, Ethicon L td . ,  

Edinburgh) in a single layer interrupted fashion. For gastric , 

small bowel and i le o - c o l ic  anastomoses an a l te rn a t iv e  two 

layered su tu r ing  technique was also allowed by the study 

protocol using fu l l  thickness continuous 2/0 polyglycolic acid 

(Dexon Plus, Davis and Geek, Gosport, Hampshire) fo r the inner 

layer and 2/0 polyamide for the outer sero-muscular layer. A ll 

stapled anastomoses were constructed using the TA, GIA and EEA 

series of Auto Suture stapling instruments (Auto Suture Company 

UK, Ascot). Anastomoses invo lv ing  the oesophagus and the 

rectum were constructed in an inverted end-to-end fashion with 

t h e  EEA c i r c u l a r  s t a p l i n g  i n s t r u m e n t  ( 4 4 , 4 5 )
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Gastroenterostomies, b il ia ry -e n te r ic  anastomoses and enteric by

pass procedures were done in a side-to-side fashion with the 

linear GIA and TA stapling instruments (21 *46)  ̂ Continuity 

following resections of small bowel or intra-peritoneal large 

bowel was estab lished by func tiona l end-to-end anastomoses, 

again using the GIA and TA instruments ( ^ ) .

The study protoco l also d ic ta ted  p e r i-o p e ra t iv e  a n t ib io t ic  

prophylaxis and pre -opera tive  bowel p repara tion . Patients 

undergoing upper gastro intestinal procedures received a single 

dose o f 1.5 g intravenous Cefuroxime w ith  the induction  of 

anaesthesia. For large bowel surgery the a n t ib io t ic  

prophylaxis consisted o f 1 g o f Cefotaxime and 500 mg of 

Metronidazole administered in travenously  at the time of 

induction  o f  anaesthesia and repeated tw ice at e igh t hourly 

in tervals thereafter.

In elective large bowel surgery patients were res tr ic ted  to a 

low residue l iq u id  d ie t (Nutrauxil, Kabi Vitrum Ltd., Middlesex) 

fo r  72 hours p r io r  to surgery. In the absence o f  an 

obstructing lesion they were also given 500 mis o f 10% Mannitol 

solution o ra l ly  on the afternoon of the day preceding surgery.
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2.6 RANDOMISATION

Allocation of patients into one of the two arms of the t r ia l  was 

done by drawing a sealed envelope in the operating thea tre . 

Each p a r t ic ip a t in g  surgeon was assigned an equal number of 

envelopes indicating suturing or stapling. The randomisation 

procedure was further s t ra t i f ie d  to four surgical categories; 

namely oesophageal, upper g a s t ro in te s t in a l ,  co lon ic  and 

colorecta l. These a rb i t ra r i ly  chosen categories were defined

as follows 

Oesophageal

Upper GI

Colonic

Colorectal

Patients having any anastomosis involving the 

oesophagus.

P a t ie n ts  w i th  anastomoses in v o lv in g  the 

stomach, small bowel or extra-hepatic b i l ia r y  

system but not the oesophagus or the large 

bowel.

Patients with anastomoses involving a l l  parts 

of the large bowel except the rectum.

Patients having any anastomosis involving the 

rectum below the peritoneal re f lec t ion .

Between these four surgical categories, an a rb itra ry  order of 

" r i s k "  was assigned s ta r t in g  from oesophageal anastomoses 

fo llowed by c o lo re c ta l ,  co lon ic  and upper g a s tro in te s t in a l  

anastomoses in descending order. For pa t ien ts  undergoing 

operations that entailed multiple anastomoses the randomisation 

envelope drawn was chosen from the 'highest r is k '  category and
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a ll  anastomoses were constructed in the fashion indicated by 

th is  single randomisation. For the purposes of the analysis 

such patients were considered in the group re la ting to the 

highest r is k  anastomosis. For instance a patient undergoing a 

small bowel resection and r igh t hemicolectomy was considered in 

the colonic surgery group.

The randomisation took place at the time of surgery, only once 

the surgeon was satis f ied  that either anastomotic technique was 

fe a s ib le  and equa lly  appropria te . When one or other 

anastomotic technique was considered to confer a p a r t ic u la r  

advantage on a patient, randomisation was not carried out and 

the e lec tive ly  chosen anastomotic technique was used. These 

non-randomised pa tien ts  were also studied in an id e n t ic a l 

fashion but were considered as a separate group.

2.7 PRE-OPERATIVE DATA

As d e ta i le d  in Table 2.1 and Table 2 .2 , data recorded pre- 

o p e ra t iv e ly  consisted o f simple anthropometric parameters, 

results of routine haematological and biochemical investigations 

and some nu tr i t ion a l indices.
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PRE-OPERATIVE VARIABLES 
Anthropometric Data

Age
Sex
Height
Weight
Recent weight loss
Quantity and duration of weight loss 

TABLE 2.1

PRE-OPERATIVE VARIABLES 
Haematological and Biochemical Data

Haemoglobin (Hb)
Mean corpuscular volume (MCV) 
White blood cell count (WBC) 
Serum albumin 
Serum transferr in  
Leucocyte ascorbic acid (LAA)

TABLE 2.2
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2.8 INTRA-OPERATIVE DATA

The information recorded on each patient at the time of surgery 

is summarised in Table 2.3.

INTRA-OPERATIVE DATA

Grade of surgical and anaesthetic s ta f f  
Nature of surgery (emergency or elective)
Anastomosis time 
Operating time 
Surgical complications 
Anaesthetic complications 
Abdominal drains 
Use of Neostigmine

TABLE 2.3

For patients with colorectal anastomoses the distance of the 

anastomosis from the anal margin was documented as estimated by 

the opera tor at the time o f surgery and the use o f a 

defunctioning stoma was recorded.

Anastomosis time was defined as the time taken from the end of 

dissection u n t i l  a complete anastomosis had been achieved. For 

patients with multiple anastomoses, the time taken to complete 

each anastomosis was recorded separately. Operating time was 

defined as the time taken from the commencement o f the skin 

inc is ion u n t i l  the completion of the skin closure.
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Eleven anastomotic sites throughout the gastrointestinal t ra c t ,  

specified in the patient information document are outlined in 

Table 2.4.

SITE OF ANASTOMOSES IN THE GI TRACT
Oesophageal
Gastric/gastroduodenal 
Gastrojejunal 
Pyloroplasty 
Duodenal stump closure 
B i l ia ry  enteric 
Entero enteric 
I leoco lic  
Colo co lic  
Colorectal 
Colostomy closure

TABLE 2.4

2.9 POST-OPERATIVE DATA

The va r ia b les  recorded during the pos t-opera tive  period are 

summarised in Table 2.5.

POST-OPERATIVE DATA
Anastomotic in te g r i ty
Recovery of gastrointestinal function
Morbidity
Blood transfusion
Tumour stage and grade
Day of discharge or death

TABLE 2.5
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One of the key outcome measures of the study was anastomotic 

i n t e g r i t y .  A c l in ic a l  leak was defined as anastomotic 

dehiscence confirmed by re-operation or post-mortem, appearance 

o f  bowel contents from dra ins , development o f an entero- 

cutaneous f is tu la  or development of systemic sepsis associated 

w ith  p e r i t o n i t i s .  For e a s i ly  accessible anastomoses the 

assessment o f anastomotic in te g r i t y  also included con tras t 

radiography. A water soluble ra d io lo g ica l con tras t medium 

(G astrograf i n ; Schering, FRG) was used fo r  th is  purpose. 

Contrast swallows or enemas were carried out between the 4th and 

14th post-operative days. A radiological leak was defined as any 

ex travasa tion  o f the con trast medium in the region o f the 

anastomosis in the absence of any of the c r i te r ia  fo r a c l in ic a l 

leak.

For patients undergoing upper gastrointestinal procedures an 

estimation of the return of gastrointestinal function was made 

by record ing the f i r s t  day th a t the p a t ie n ts '  oral in take 

exceeded 1000 mis. In large bowel surgery the corresponding 

assessment was made by recording the f i r s t  day that the patient 

passed f la tus  or stool.

Operative m orta lity  was defined as those deaths occurring within 

30 days of the surgical procedure
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In fective complications that developed during the post-operative 

period were recorded and numerically graded by means of a sepsis 

score system modified from Elebute and Stoner (^8) Other 

information recorded post-operatively included the presence of 

malignant disease, patients' duration of hospital stay and blood 

transfusion requirements.

2.10 STATISTICAL METHODS

Transcription of data from the standard patient record forms to 

computer was performed centra lly  in Glasgow. An ICL mainframe 

computer based at the University of Glasgow was used with the 

BMDP software package fo r  data storage and analys is  (^9) 

S ta t is t ica l comparisons were made by the "Chi^ test" fo r  non- 

continuous variables and the "student's t  test" fo r continuous 

variables. In the assessment of the predictive value of contrast 

radiography, Fisher's exact test was used for the comparison of 

the results in the sutured and stapled groups. C lin ica l leak 

rates and m orta lity  were analysed using lo g is t ic  regression to 

investigate the effects of technique (suturing versus stapling) 

and category (oesophageal, upper g a s t ro in te s t in a l ,  co lon ic* 

co lo rec ta l) .  Anastomosis and operating times were analysed 

using two way analysis of variance to investigate the effects of 

technique and category as above. Confidence intervals were 

obtained fo r the leak and m orta lity  rates in the stapled groups 

re la t ive  to the corresponding rates in the sutured groups using 

the technique described by Morris and Gardner (50).

52



CHAPTER 3

RESULTS
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3.1 INTRODUCTION

Between April 1985 and April 1989 1,161 patients were studied. 

In 157 of these patients (13.6%) randomisation was considered 

inappropriate. The results presented re late to those patients 

whose anastomoses were randomised to suturing or stapling. The 

non-randomised group of patients are considered separately at 

the end of th is  chapter.

3.2 DISTRIBUTION OF PATIENTS

There were 1,004 patients who had th e ir  anastomoses randomised 

to e ither suturing (n= 496) or stapling (n= 508) at the time of 

surgery.

The d is tr ib u t io n  of the sutured and stapled cases in each o f the 

four surgical categories is i l lu s tra te d  in Table 3.1.
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DISTRIBUTION OF RANDOMISED PATIENTS

SURGICAL CATEGORY
Sutures

PATIENTS
Staples Total

Oesophageal 25 27 52

Upper gastrointestinal 150 150 300

Colonic 208 220 428

Colorectal 113 111 224

ALL PATIENTS 496 508 1004

TABLE 3.1

There were six patients among the 508 in the stapled group

the study who had th e ir  anastomoses sutured fo r a varie ty of 

reasons (3 ins trum ent/techn ica l fa i lu re s ,  2 u n sa t is fa c to ry  

anastomoses requiring reconstruction and 1 randomisation e rro r) .  

None o f these patients developed anastomotic complications. In 

accordance with "intention to trea t" princ ip le  these patients 

were considered with the stapled group fo r the purposes o f the 

analysis.
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Table 3.2 shows the d is tr ibu tion  of the anastomoses s t ra t i f ie d  

into 11 anastomotic sites.

LOCATION OF ANASTOMOSES WITHIN THE GASTROINTESTINAL TRACT

ANASTOMOTIC SITE NUMBER
Sutures

OF ANASTOMOSES 
Staples Total

Oesophageal 25 27 52
Gastric/Gastroduodenal 43 42 85
Gastrojejunal 85 106 191
Pyloroplasty 3 4 7
Duodenal stump closure 35 53 88
B il ia ry -e n te r ic 30 22 52
Entero-enteric 95 90 185
Ileoco lic 128 138 266
Colocolic 71 73 144
Colorectal 113 111 224
Colostomy closure 19 15 34

ALL ANASTOMOSES 647 681 1328

TABLE 3.2

Mean number o f anastomoses per p a t ie n t was 1.3 in both the 

sutured and the stapled groups.

3.3 PATIENT CHARACTERISTICS

The d is tr ib u t io n  of the recorded pre-operative variables between 

the sutured and stapled groups is  ou t l ined  in Table 3.3 and 

Table 3.4.
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PATIENT CHARACTERISTICS 
Anthropometric Data

SUTURES 
n= 496

STAPLES 
n= 508

Age (mean + SD)
Sex (male/female) 
Height (cms) (mean 
Weight (kg) (mean 
> 10% weight loss 
Maiignant disease

63.7 ± 15.8 
231/265

± SD) 164.6 ± 10.2 
± SD) 60.9 ± 13.8

22.0%
66.5%

65.3 ± 14.5 
238/270 

164.8 ± 9.4 
62.7 ± 13.8 

22.6% 
66.0%

TABLE 3.3

PATIENT CHARACTERISTICS 
Haematological and Biochemical Data 

(Mean ± SD)

SUTURES 
n* 496

STAPLES 
n« 508

Haemoglobin (g /d l) 12.9 ± 2.0 12.9 ± 2.1
WBC (x 109/1 ) 8.9 ± 3.6 8.9 ± 3.6
MCV ( f l ) 87.2 ± 7.4 87.3 ± 6.8

Albumin (g/1) 37.8 ± 5.5 37.5 ± 5.5

Transferrin (g/1) 2.6 ± 0.7 2.6 ± 0.8

LAA (fmol/1) 1.3 ± 0.8 1.2 ± 0.9

TABLE 3.4
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3.3.1 Grade of surgical s ta f f

The grade of the operator fo r the surgical procedures in the two 

groups is outlined in Table 3.5.

GRADE OF SURGEON

OPERATOR SUTURES 
n= 496

STAPLES 
n= 508

Consultant 267 301
Senior Registrar 77 79
Regi s tra r 133 125
SHO 19 3

TABLE 3.5

A consultant was present, e ither as the operator or supervising 

ju n io r  s ta f f ,  in 401 of the 496 operations in the sutured group 

(81%). The corresponding r a t io  was 420 out o f 508 fo r  the

stapled cases (83%).
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3.3.2 Nature of surgery

S im ilarly  there was no major difference between the two groups 

in the number o f pa tien ts  undergoing emergency or e le c t iv e  

operations (Table 3.6).

NATURE OF SURGERY

SURGERY
Emergency Elective

SUTURED
Oesophageal 0 25
Upper GI 26 124
Colonic 29 179
Colorectal 5 108
TOTAL 60 436

STAPLED
Oesophageal 0 27
Upper GI 24 126
Colonic 39 181
Colorectal 3 108

TOTAL 66 442

TABLE 3.6
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3.4 ANASTOMOTIC INTEGRITY

Forty out of the 1,004 randomised patients developed c l in ic a l ly  

evident anastomotic leaks (4.0%). Sixteen of these leaks were 

encountered in pa tien ts  w ith sutured anastomoses (3.3%), 

compared with 24 in the stapled group (4.7%). This difference 

is not s ta t is t ic a l ly  s ign if ican t (x2= 1.4, 1 d . f . ,  p= 0.22).

Nevertheless, the leak rate observed in the stapled group was 

1.46 times that observed in the sutured group (95% confidence 

in te rv a ls :  0.79 - 2 .72). Figure 3.1 i l l u s t r a te s  the

d is tr ibu tion  of the sutured and stapled c l in ica l leaks between 

the four surg ica l categories. Leak ra tes were higher fo r  

pa tien ts  w ith  stapled anastomoses in three o f these four 

ca tegories , w ith  the exception o f the "co lo n ic "  category. 

M u l t ip le  re g re s s io n  a n a ly s is  revea led  no s i g n i f i c a n t  

d if fe re n t ia l  e ffec t of the anastomotic technique on leak rates 

between the four surgical categories (x2 fo r interaction= 5.88, 

3 d . f . ,  p= 0.12). In Figure 3.2, the ra t io  of stapled to sutured 

leaks in each o f the fou r surg ica l categories and th e i r  

corresponding confidence in te rv a ls  are p lo t te d  against a 

logarithm ica lly  scaled axis.

In the upper g a s tro in te s t in a l  surgery group there were two 

c l i n i c a l l y  evident leaks among 150 pa tien ts  w ith  sutured 

anastomoses, whereas e igh t o f the 150 pa tien ts  w ith  stapled 

anastomoses developed c l in ic a l  leaks. This discrepancy was 

largely due to the difference between the results o f sutured and
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stapled duodenal stump closures. No anastomotic dehiscence 

occurred fo l lo w in g  gastro-enterostom ies, proximal g a s t r ic  

closures of gastrectomies, pyloroplasties or b i l ia ry -e n te r ic  

anastomoses. Two patients with small bowel anastomoses, one in 

each group, developed c l in ica l leaks. The remainder of the 

leaks in the upper gastrointestinal surgery group occurred from 

duodenal stumps. Seven o f the 53 stapled duodenal stumps 

leaked, compared with one of the 35 sutured stumps.

3.4.1 Nature of surgery and leaks

The incidence o f anastomotic d is ru p t io n  was not higher in 

emergency surgery (Table 3 .7 ) .  Only three c l in i c a l  leaks 

occurred in emergency operations, one in the sutured and two in 

the stapled group.

CLINICAL LEAKS IN ELECTIVE AND EMERGENCY OPERATIONS

SURGERY INCIDENCE OF CLINICAL LEAKS
Sutures Staples

Emergency (n= 126) 1.7% 3.0%
Elective (n= 878) 3.4% 5.0%

TABLE 3.7
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3.4.2 Grade of surgeon and leaks

There was no association between the grade of surgeon and the 

incidence of anastomotic dehiscence. In the sutured group the 

presence or absence of a consultant at the time of surgery did 

not make any difference to the leak rates (3.3%). In the stapled 

group the incidence of anastomotic leakage was 4.5% when a 

consultant was present and 5.7% when they were absent.

3.4.3 Temporal D is tr ibu tion of Leaks

Eight hundred and twenty nine (83%) of the randomised patients 

in the study were managed by seven of the partic ipants, while 

the remaining six consultants contributed 175 patients (17%) 

between them. The period that each partic ipant spent in the 

t r i a l  was divided into two equal halves and the anastomotic leak 

rate in the f i r s t  ha lf of the study was compared with that in 

the second ha lf (Table 3.8). A s im ilar analysis was repeated 

a fte r  excluding those participants who contributed a re la t ive ly  

small number of cases. Data in Table 3.8 shows that in both 

analyses more leaks were seen to have occurred in the second 

h a lf  of the study and the difference was more marked fo r the 

stapled group.
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TEMPORAL DISTRIBUTION OF CLINICAL LEAKS

NUMBER OF LEAKS DURING THE STUDY

FIRST HALF SECOND HALF
Sutures Staples Sutures Staples

A ll participants 7 8 9 16

7 larger contributors 6 7 9 14

TABLE 3.8

The implications of these results in terms of a learning curve 
e f fe c t  w ith  surg ica l s tap ling  instruments are discussed in 
Chapter 4.

3.5 RADIOLOGICAL LEAKS

All patients with oesophageal anastomoses and 186 of those with 

colorectal anastomoses were subjected to post-operative contrast 

radiography.

Gastrografin swallows revealed only one radiological leak, which 

was de te c te d  in  a p a t ie n t  w ith  a su tu red  oesophageal 

anastomosis.

For pa tien ts  w ith rec ta l anastomoses, the incidence o f 

rad io log ica lly  detected leaks was 14.4% (13 out o f 90) in the 

sutured group compared with 5.2% (5 out of 96) in the stapled 

group (x^= 5.32, 1 d . f . ,  p< 0.05).

63



P a t ie n ts  who developed c l i n i c a l l y  e v id e n t anastomotic  

d is ru p t io n  a f te r  having a leak demonstrated on con tras t 

radiography were considered as c l in ic a l  leaks and were not 

included in the above analysis. In other words patients with 

radiological leaks suffered no morbidity and they a l l  had an 

uneventful post-operative recovery.

3.5.1 PREDICTION OF EARLY POST-OPERATIVE MORBIDITY BY CONTRAST 

RADIOGRAPHY

A separate analysis was undertaken to investigate the value of 

pos t-opera tive  con tras t radiography in p re d ic t in g  c l in i c a l  

leaks. Because of small patient numbers and only one c l in ic a l 

leak in the oesophageal group, i t  was not fe a s ib le  to 

meaningfully assess the results of Gastrografin swallows. The 

investigation was therefore lim ited to the study of Gastrografin 

enemas in large bowel surgery.

Two hundred and th i r t y  three patients were studied, a l l  o f whom 

had Gastrografin  enemas a f te r  a co lo rec ta l or a l e f t  sided 

co lo n ic  anastomosis. Forty o f these pa tien ts  had a leak 

demonstrated by contrast radiography (Table 3.9). Only 12 of 

these 40 p a t ie n ts  however developed a c l i n i c a l  le a k .  

Furthermore, the to ta l  number o f pa tien ts  w ith  a c l i n i c a l l y  

evident leak was 23. The radiological investigation however 

was only able to predict 12 of these.
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CLINICAL AND RADIOLOGICAL LEAKS

CLINICAL LEAK

RADIOLOGICAL
LEAK

YES NO TOTAL

YES 12 28 40
NO 11 182 193

TOTAL 23 210 233

TABLE 3.9

Table 3.10 ou t l ines  fu r th e r  c h a ra c te r is t ic s  o f con tras t 

radiography with respect to the prediction of a c l in ica l leak.

PREDICTION OF POST-OPERATIVE MORBIDITY BY CONTRAST RADIOGRAPHY

(n = 233)

S pec if ic ity  : 86.6%

Sensit iv ity  : 52.2%

Accuracy : 83.3%

Predictive value for 
a negative result : 94.3%

Predictive value for 
a positive result : 30.0%

TABLE 3.10

Three patients in the study group developed signs of sepsis and 

a c l in ic a l ly  evident leak within 12 hours of the radiological 

in v e s t ig a t io n ,  which may have been caused by the procedure.
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There was no m orta lity associated with these three incidents. 

No other complications were encountered.

The value o f post-opera tive  con trast radiography was also 

assessed d i f f e r e n t i a l l y  fo r  sutured and stapled anastomoses 

(Table 3.11). The sp e c if ic ity  of the radiological investigation 

was s ig n if ica n t ly  higher in the stapled group. However, th is  

occurred at the expense of se n s it iv ity  and the predictive value 

fo r  a positive result remained poor at 40% .

VALUE OF CONTRAST RADIOGRAPHY DIFFERENTIALLY FOR 
SUTURED AND STAPLED ANASTOMOSES

ANASTOMOSES
SUTURES STAPLES up n

S pec if ic ity 81% 92% 0.02
S ens it iv ity 60% 46% 0.68
Accuracy 79% 87% 0.11
Positive predictive value 24% 40% 0.31
Negative predictive value 95% 92% 0.76

TABLE 3.11

The c l in ic a l  implications of these results are discussed in 
Chapter 4.
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3 .6  ANASTOMOSIS TIMES

Tables 3.12 to 3.22 below show the anastomosis times in the 

sutured and stapled groups for each anastomotic s ite . There 

were only seven patients with pyloroplasties and no attempt was 

made to compare the anastomosis time fo r sutures and staples in 

th is  group. For the remaining ten anastomotic sites the group 

sizes, mean anastomosis times, standard deviations, difference 

of means and 95% confidence intervals fo r the la t te r  difference 

are given in each table.

ANASTOMOSIS TIME 

OESOPHAGEAL ANASTOMOSES

Anastomotic Technique
Sutures Staples
(n- 25) (n- 27)

Mean anastomosis time (minutes) 43.5 27.0

Standard deviation 12.6 9.9

Mean time saving with staplers: 16.5 minutes 
95% confidence interval : 10.2 - 22.8

TABLE 3 .1 2
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ANASTOMOSIS TIME

GASTRIC CLOSURE OR GASTRODUODENAL ANASTOMOSES

Anastomotic Technique
Sutures Staples
(n- 43) (n- 42)

Mean anastomosis time (minutes) 14.1 3.8

Standard deviation 7.0 4.1

Mean time saving with staplers: 10.3 minutes 
95% confidence interval : 7.8 - 10.8

TABLE 3.13

ANASTOMOSIS TIME 

GASTROJEJUNOSTOMIES

Anastomotic Technique
Sutures Staples
(n- 85) (n- 106)

Mean anastomosis time (minutes) 21.5 9.1

Standard deviation 9.6 5.6

Mean time saving with staplers: 12.4 minutes 
95% confidence interval : 10.0 - 14.8

TABLE 3 .14
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ANASTOMOSIS TIME

PYLOROPLASTIES

Anastomotic Technique
Sutures Staples
(n- 3) (n- 4)

Mean anastomosis time (minutes) 7.3 7.3

"Range" 3.0 - 14.0 4.0 - 10.0

TABLE 3.15

ANASTOMOSIS TIME 

DUODENAL STUMP CLOSURES

Anastomotic Technique
Sutures Staples
(n- 35) (n« 53)

Mean anastomosis time (minutes) 11.1 2.4

Standard deviation 11.1 2.3

Mean time saving with staplers: 8.7 minutes 
95% confidence interval : 5.3 - 12.2

TABLE 3 .16
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ANASTOMOSIS TIME

BILIARY-ENTERIC ANASTOMOSES

Anastomotic Technique
Sutures Staples
(n= 30) (n= 22)

Mean anastomosis time (minutes) 17.5 8.9

Standard deviation 7.7 4.9

Mean time saving with staplers: 8.6 minutes 
95% confidence interval : 5 .1 -1 2 .1

TABLE 3.17

ANASTOMOSIS TIME 

SMALL BOWEL ANASTOMOSES

Anastomotic Technique
Sutures Staples
(n- 95) (n* 90)

Mean anastomosis time (minutes) 16.3 8.0

Standard deviation 12.0 5.9

Mean time saving with staplers: 8.3 minutes 
95% confidence interval : 5.5 - 11.1

TABLE 3 .1 8
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ANASTOMOSIS TIME

ILEOCOLIC ANASTOMOSES

Anastomotic Technique 
Sutures Staples 

(n= 128) (n- 138)

Mean anastomosis times (minutes) 22.0 8.7

Standard deviation 11.4 5.1

Mean time saving with staplers: 
95% confidence interval :

13.3 minutes 
11.1 - 15.5

TABLE 3.19

ANASTOMOSIS TIMES 

C0L0C0LIC ANASTOMOSES

Anastomotic Technique
Sutures Staples
(n« 71) (n- 73)

Mean anastomosis times (minutes) 19.5 9.0

Standard deviation 8.8 6.3

Mean time saving with staplers: 10.5 minutes
95% confidence interval : 7.9 - 13.1

TABLE 3.20
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ANASTOMOSIS TIMES

COLORECTAL ANASTOMOSES

Anastomotic Technique 
Sutures Staples 
(n= 113) (n» 111)

Mean anastomosis times (minutes) 31.1 21.3

Standard deviation 14.1 12.4

Mean time saving with staplers: 
95% confidence interval :

TABLE 3.21

9.8 minutes 
6.3 - 13.3

ANASTOMOSIS TIMES

COLOSTOMY CLOSURES

Anastomotic 
Sutures 
(n- 19)

Technique 
Staples 
(n- 15)

Mean anastomosis times (minutes) 13.9 7.3

Standard deviation 6.7 5.7

Mean time saving with staplers: 
95% confidence interval :

6.6 minutes 
2.4 - 10.8

TABLE 3.22
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Data in Tables 3.12 to 3.22 demonstrate that stapling techniques 

enabled quicker anastomoses than suturing at a l l  anastomotic 

s ites. The mean time saving with the staplers varied between

6.6 to 16.5 minutes per anastomosis. To compare the 

anastomosis times on a "per patient" basis, the times taken to 

construc t each in d iv id u a l anastomosis were added to obtain 

" t o t a l  anastomosis t im e s"  ( in  p a t ie n ts  w i th  m u l t ip le  

anastomoses). Figure 3.3 i l lu s tra te s  the "to ta l anastomosis 

times" fo r the patients in the sutured and stapled groups. Use 

o f  s ta p l in g  instruments was associated w ith an o ve ra ll  mean 

reduction of 13.8 minutes per patient in to ta l anastomosis 

t im e compared w i th  manual s u tu r in g  (95% con fiden ce  

in te rva ls : 12.1 - 15.5 minutes, p< 0.001). Two way analysis 

o f  variance showed th a t the mean time d if fe re n ce  in the 

construction of anastomoses, although consistently in favour of 

the stapled group, varies s ig n i f ic a n t ly  between the four 

surgical categories (p= 0.01). The largest mean saving was 

observed fo r oesophageal anastomoses (24 minutes), with broadly 

s im i la r  savings in time in the other groups (13, 14 and 11 

minutes in the upper gastro in testina l, colonic and colorectal 

groups respectively).
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3.7 OPERATING TIMES

The influence of the anastomotic technique on the length of time 

taken to complete an operation is summarised in Figure 3.4 . 

The ove ra ll  mean operating time in the stapled group was 

s ig n i f ic a n t l y  shorte r than tha t in the sutured group (mean 

values + SEM in minutes: 115.5 + 2.4 versus 103.9 + 2.2,

p< 0 .001). The mean time saving with staplers is thus 11.6

minutes (95% confidence in te rva l: 5.2 - 18.0 minutes). Despite 

the s ig n i f ic a n t  o ve ra ll  d if fe ren ce  between the sutured and 

stapled groups, greater v a r ia b i l i ty  in terms of operating times 

is  re f le c te d  in the wide confidence in te r v a l .  The two way 

analysis of variance revealed that the interaction between the 

anastomotic technique and surg ica l category in terms o f the 

operating time was not s ign if icant (p= 0.27).
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3.8 INTRA-OPERATIVE COMPLICATIONS

In the stapled group 40 patients (7.9%) suffered complications 

related to anastomotic construction. On 29 occasions stapled 

anastomoses required additional sutures. Four of these were 

co lo rec ta l anastomoses where one or both "donuts" were 

incomplete and the anastomosis had to be re in fo rced with 

sutures. A s im ilar reinforcement was required on ten side-to- 

side or functional end-to-end anastomoses where defects were 

noticed on the TA closure l ine . Intra-operative bleeding from 

a stap le l in e  necessitated underrunning w ith sutures on 23 

stapled anastomoses (14 upper g a s tro in te s t in a l  and 9 lower 

gastro in testina l). Furthermore f ive  patients, a l l  of whom had 

undergone stapled upper g a s tro in te s t in a l  procedures required 

reoperation due to s ign if ican t haemorrhage from the anastomosis. 

In one oesophageal and two co lo rec ta l anastomoses the EEA 

instrument or i ts  sizer s p l i t  the bowel. Other complications 

in the stapled group included two occasions where the stapling 

instruments misfired, one case where a kinked anastomosis had to 

be re-fashioned, one inadvertent stapling of a nasogastric tube 

and one case of small bowel perforation during the insertion of 

a GIA instrument.

In con tras t to the stapled group, there were only three 

anastomosis related complications in the sutured group (0.8%). 

In one case the mesenteric and anti-mesenteric corners o f an 

end-to-end i le o c o l ic  anastomosis were noted to  have been
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misorientated which required reconstruction. Another sutured 

anastomosis had to be re-fashioned due to ischaemia and one 

p a t ie n t  required reoperation due to a mesenteric haematoma 

causing external compression at the level of the anastomosis.

3.9 RECOVERY OF GASTROINTESTINAL FUNCTION

For upper gastrointestinal procedures, the proportion of sutured 

patients who tolerated an oral intake of greater than 1000 mis 

by the end of the fourth post-operative day was 53% (93 out of 

175). The corresponding ra t io  fo r  pa tien ts  with stapled 

anastomoses was 51% (91 out o f 177; x2= 0.11, 1 d . f . ,

p= 0.74).

For large bowel surgery the assessment o f the re tu rn  o f 

gastro in testina l function was based on recording the day that 

the patients passed fla tus or stools post-operatively. By the 

end of the fourth post-operative day 75% of the patients had 

f u l f i l l e d  th is  c r ite r ion  in both the sutured and the stapled 

groups (241 out of the 321 sutured patients and 247 out o f the 

331 stapled patients; x^= 0.02, 1 d . f . ,  p= 0.89).

3.10 MORTALITY

F i f ty  f ive  of the 1,004 randomised patients in the study died 

w ith in  30 days of surgery, giving an overall operative m orta lity  

rate o f 5.5%. Twenty six of these patients were in the sutured 

group and 37 were in the stapled group. The difference between
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the two groups w ith  respect to operative m o r ta l i ty  was not 

s ta t is t ic a l ly  s ign if ican t (x2= 1.43, 1 d . f . ,  p= 0.23). Figure

3.5 shows the operative m o r ta l i ty  ra tes fo r  the sutured and 

stapled groups in each of the four surgical categories. The 

ra t io  of the m orta lity  rate in the stapled group to that in the 

sutured group was 1.36 (95% confidence interval 0.81 to 2.29). 

L o g is t ic  regression analys is  revealed no evidence o f a 

d i f fe re n t ia l  effect of the anastomotic technique on morta lity  

between the four surgical categories (x2 for interaction= 2.71, 

3 d . f . ,  p= 0.44).

3.10.1 Anastomotic leaks and operative m orta lity  

Of the 1,004 randomised pa t ien ts  652 underwent large bowel 

surgery. In th is  group there were 29 c l in ica l leaks and 28

deaths. Eight o f  the deaths occurred as a re s u l t  o f

anastomotic dehiscence. The overall operative m orta lity  in 

large bowel surgery therefore was 4.3% (28 out of 652) whereas 

m orta lity  in the event of a leak from a large bowel anastomosis 

was 27.6%.

The remaining 352 pa tien ts  in the study underwent upper 

g a s t ro in te s t in a l  surgery. In th is  group there were 11 

patients who developed a c l in ic a l leak and 27 who died. Five 

o f  the deaths were due to anastomotic dehiscence (opera tive  

m orta lity : 7.7%, morta lity  of anastomotic dehiscence: 45.4%).
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3.11 INFECTIVE COMPLICATIONS

Wound infections were recorded with s im ilar frequencies in the 

sutured and stapled groups (10.5% versus 11.8% respectively; 

x^= 0.45, 1 d . f . ,  p= 0.50). Their d is tr ib u t io n  in d if fe ren t 

surgical categories is i l lu s tra ted  in Table 3.23.

INCIDENCE OF WOUND INFECTION

SURGICAL ANASTOMOTIC WOUND
CATEGORY TECHNIQUE INFECTION (%)

Sutures (n = 25) 0 (0.0)
Oesophageal

Staples (n = 2) 0 (0.0)

Sutures (n = 150) 17 (11.3)
Upper GI

Staples (n = 150) 15 (10.0)

Sutures (n = 208) 19 (9.1)
Colonic

Staples (n = 220) 29 (13.2)

Sutures (n = 113) 16 (14.2)
Colorectal

Staples (n = 111) 16 (14.4)

Sutures (n = 496) 52 (10.5)
TOTAL

Staples (n = 508) 60 (11.8)

TABLE 3 .23

78



S im i la r ly ,  there was no s ig n i f ic a n t  d if fe ren ce  between the 

sutured and stapled groups when the mean sepsis scores were 

compared (Table 3.24).

SEPSIS SCORES

ANASTOMOTIC
TECHNIQUE

SEPSIS SCORE 
(Mean ± SEM)

Sutures (n = 496) 3.98 ± 0.15

Staples (n = 508) 4.30 ± 0.18

x2= 1.86, 1 d . f . ,  p= 0.17

TABLE 3.24

3.12 BLOOD TRANSFUSION

During th e ir  hospital admission fo r surgery, 130 patients in the 

sutured group (26%) received blood transfusions compared with 

156 patients (31%) in the stapled group. The indications fo r 

blood transfusion were not recorded. In those patients who 

were transfused, the median number of units of blood given was 

three fo r  both groups. Twenty-two pa tien ts  in the sutured 

group and 24 patients in the stapled group received more than 

four units of blood.
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3.13 ABDOMINAL DRAINS

Abdominal drains were used in 81%, 42% and 31% of the patients 

with colorectal, colonic and upper gastrointestinal anastomoses 

re sp e c t ive ly .  There were no major d if fe rences  between the 

sutured and stapled groups in th is  respect (overall incidence: 

48% for the sutured and 45% for the stapled group).

3.14 DEFUNCTIONING STOMAS

Temporary defunctioning stomas were performed in 35 of the 224 

patients with colorectal anastomoses. In the sutured group 20 

pa tien ts  (17.7%) had defunction ing stomas, compared w ith  15 

(13.5%) in the stapled group (x^= 0.74, 1 d . f . ,  p= 0.39).

3.15 NEOSTIGMINE

Three hundred and eighty eight patients (78%) in the sutured 

group had Neostigmine administered fo r  the reversal of 

anaesthesia compared with the 385 patients (76%) in the stapled 

group (x^= 0.84, 1 d . f . ,  p= 0.36).

3.16 LEVEL OF COLORECTAL ANASTOMOSES

The height of the colorectal anastomoses from the anal margin 

were recorded as estimated by the operator at the time o f 

surgery. The mean height (± SD) was 10.7 + 3.8 cm fo r  

patients with sutured anastomoses and 9.7 ± 4 . 1  cm fo r those 

with stapled anastomoses (x^- 2.59, 1 d . f . ,  p» 0.1).
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Table 3.25 i l l u s t r a te s  the d is t r ib u t io n  o f the sutured and 

stapled co lo rec ta l anastomoses in three a r b i t r a r i l y  defined 

levels in the pelvis.

LEVEL OF COLORECTAL ANASTOMOSES

DISTANCE FROM 
ANAL MARGIN

ANASTOMOTIC 
Sutures 
(n= 92)

TECHNIQUE 
Staples 
(n- 94)

0 - 5 cm 9 18

5 - 10 cm 38 40

> 10 cm 45 36

x2= 4.03, 2 d . f . ,  p= 0.13

TABLE 3.25

3.17 DURATION OF HOSPITAL STAY

Patients in the sutured and stapled groups were s im ilar with 

respect to th e ir  day of discharge from the hospital. The mean 

hospital stay (± SD) in the sutured group was 13.6 ± 8.2 days 

compared with 14.1 + 10.2 days in the stapled group (p= 0.4). 

95 % confidence intervals fo r the difference between the group 

means in th is  respect are -0.7 to 1.72 days.
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3.18 NON-RANDOMISED PATIENTS

Randomisation was considered inappropriate in 157 cases. The 

d is t r ib u t io n  o f non-randomised pa tien ts  in the surg ica l 

categories is demonstrated in Table 3.26.

DISTRIBUTION OF NON-RANDOMISED CASES

SURGICAL
CATEGORY

ANASTOMOTIC
TECHNIQUE

NUMBER OF 
PATIENTS TOTAL

Sutures 8
Oesophageal Staples 7 20

Combined 5

Sutures 15
Upper GI Staples 25 57

Combined 17

Sutures 18
Colonic Staples 10 30

Combined 2

Sutures 20
Colorectal Staples 27 50

Combined 3

Sutures 61
TOTAL Staples 69 157

Combined 27

TABLE 3 .26
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Twenty-eight percent of the oesophageal anastomoses in the study 

were considered unsuitab le fo r  randomisation. In co n tra s t ,  

i leoco lic  and colocolic anastomoses were randomised on 93.4% of 

the occasions. When an anastomosis was not randomised, manual 

suturing and surgical stapling techniques were used with s im ilar 

frequencies (Table 3.26).

In terms of the ir  pre-operative baseline characteristics the 

p a t ie n ts  in  the non-randomised group d id  not d i f f e r  

s ig n if ic a n t ly  from those in the randomised category (Table 3.27 

and Table 3.28).

PATIENT CHARACTERISTICS

Anthropometric Data

NON-RANDOMISED 
PATIENTS (n« 157)

Age (mean + SD)

Sex (male/female)

Height (cm) (mean + SD) 

Weight (kg) (mean + SD) 

>10% weight loss 

Malignant disease (%) 

Emergency surgery (%)

167.3 + 9.1

64.0 + 15.2

61.4 + 16.6

33 (21.0%) 

92 (58.6%) 

16 (10.2%)

92/65

TABLE 3 .27
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PATIENT CHARACTERISTICS

Haematological and Biochemical Data 
(Mean Values + SD)

NON-RANDOMISED 
PATIENTS (n« 157)

Haemoglobin (g/dl) 13.2 ± 2.4

WBC ( X  109/1) 9.4 ± 4.9

MCV ( f l ) 89.5 ± 6.9

Albumin (g/1) 38.3 ± 7.3

Transferrin (g/1) 2.7 ± 0.8

LAA (fmol/1) 1.5 ± 1.2

TABLE 3.28
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The mean number of anastomoses per patient in the non-randomised 

group was 1.6. Table 3.29 shows the tota l number of anastomoses 

and th e ir  d is tr ibu tion  according to anastomotic s ites.

DISTRIBUTION OF NON-RANDOMISED ANASTOMOSES

ANASTOMOTIC SITE
NUMBER OF 

ANASTOMOSES

Oesophageal 20
Gastric/Gastroduodenal 18
Gastrojejunal 33
Pyloroplasty 5
Duodenal stump closure 13
B il ia ry  enteric 18
Entero enteric 60
Ileoco lic 19
Colocolic 9
Colorectal 50
Colostomy closure 4

TOTAL 249

TABLE 3.29

The to ta l anastomosis time and the operating time fo r the non- 

randomised group (mean values & SEM) were 24.3 + 1.4 minutes 

and 135.4 ± 5.0 minutes re sp e c t ive ly . F if teen  pa tien ts  

developed c l in ic a l ly  evident anastomotic dehiscence (9.6%) and 

12 patients died within 30 days of surgery (7.6%).
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DISCUSSION
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4.1 INTRODUCTION

A tt i tu d e s  towards surg ica l s tap ling  w ith in  the surg ica l 

community vary widely. Published data regarding the re la t ive  

frequency w ith  which s tap ling  instruments are being used by 

general surgeons is  hard to f in d .  However a review of large 

patient series suggests that suturing remains the most commonly 

employed anastomotic technique (51-53)_

At the time of th e ir  introduction, stapling instruments were 

presented as possessing certain benefits over manual suturing 

such as regular and accurate placement of the staples, reduced 

tissue manipulation and anastomotic oedema, quicker anastomoses 

and operations, quicker anastomotic healing, e a r l ie r  return of 

gastro in testina l function and reduced post-operative hospital 

s tay. These alleged benefits  remain unsubstantiated by 

s c ie n t i f ic  data. Although many surgeons have adopted surgical 

stapling, at least in selected areas of application, those who 

maintain a more sceptical or conservative stance are possibly 

deterred by considerations such as cost, unproven benefits or 

potential complications and adverse effects. The partic ipants of 

t h is  study represented varying shades o f th is  spectrum of 

opinions. They were united however in th e ir  concern about the 

lack of clear guidance in the l i te ra tu re  and th e ir  willingness 

to re c t i fy  th is .
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4.2 STUDY DESIGN

The aim o f the p ro jec t was to assess the re la t iv e  m erits  of 

s u rg ic a l  s ta p l in g  and manual s u tu r in g  techn iques  in 

gastro intestinal surgery. I t  was clear from the outset that 

the question had to be addressed by a prospective randomised 

c l in i c a l  t r i a l .  The study sought to compare the two 

anastomotic techniques in re lation to immediate post-operative 

outcome. Anastomotic in te g r i t y  is one of the fundamental 

performance in d ica to rs  in th is  comparison. As summarised in 

Table 4.1, the reported incidence o f c l i n i c a l l y  evident 

anastomotic leaks in gastrointestinal surgery varies between 

2-20%, more ty p ic a l ly  around 6-8%. I t  was calculated that to 

detect a difference between the true leak rates of 5% and 10%, 

at a 5% s ig n if ic a n c e  leve l w ith  adequate s t a t i s t i c a l  power 

(between 80-90%) around 1,000 patients would be required. This 

compelled us to design a multi-centre t r ia l  in order to achieve 

the necessary sample size within a reasonable time span.

In theory the process o f randomisation d is t r ib u te s  any 

extraneous va r iab les  equally so tha t the two groups in a 

randomised t r i a l  can be compared for the one variable that is 

under investigation and which constitutes the only deliberate 

d if fe re n ce  in the study design. However in pa tien ts  w ith  

g a s tro in te s t in a l  surgery ce r ta in  var iab les  o ther than the 

anastomotic technique - such as bowel preparation (54_57) and 

p e r iop e ra t ive  a n t ib io t ic s  ( 58_6°) - have a well recognised
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influence on the outcome. Despite randomisation these extraneous 

variables were standardised as much as possible in th is  study.

I t  is  also well recognised tha t even in a given set of 

c ircum stan ces  (s tandard  bowel p re p a ra t io n ,  a n t i b i o t i c  

prophylaxis, anastomotic materials and techniques) the outcome 

o f a surg ica l procedure varies considerably from surgeon to 

surgeon (®1) When the surgeon related v a r ia b i l i ty  is large 

and the degree of v a r ia b i l i ty  applied to d if fe ren t techniques is 

in co n s is te n t then the e f f ica cy  of a technique varies in an 

unpredictable way according to the operating surgeon. Thus any 

given outcome in a randomised c l in ica l t r ia l  may not be a true 

re f lec t ion  of the merits of the procedure under investigation, 

but may be, at leas t p a r t ly ,  a consequence o f the v a r ia t io n  

between the partic ipants. The phenomenon of surgeon-related 

v a r i a b i l i t y  was observed in th is  study as w e l l .  Few 

partic ipants with small contributions had no c l in ic a l  leaks, 

whereas fo r those who had larger number of patients the leak 

rates ranged between 1.5% to 11.3%. The randomisation method 

used was a deliberate attempt to ensure that each partic ipant 

contributed equal numbers of sutured and stapled cases. This 

p rov is ion  c e r ta in ly  l im i t s  the bias re s u l t in g  from surgeon 

related v a r ia b i l i ty .  The complete elimination of th is  problem 

however is  dependent on each in d iv id u a l p a r t ic ip a n t  having
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consistent ( ie equally good or equally bad) results with both 

su tu r ing  and s tap ling  techniques, which is  d i f f i c u l t  to 

ascertain in c l in ica l t r ia ls  with multiple participants.

4.3 PARTICIPANTS AND PATIENTS

None o f the p a r t ic ip a t in g  surg ica l un its  in th is  t r i a l  were 

spec ia lis t ins t i tu t ions  for gastrointestinal surgery and some of 

the consultants tak ing  part in the study had th e i r  areas of 

expert ise  outw ith g a s tro in te s t in a l  surgery, such as breast 

disease, urology, vascular surgery and transplantation surgery. 

A l l  ju n io r  s t a f f  attached to the p a r t ic ip a t in g  consultants 

contributed to the project and no attempt was made to a lte r  the 

po lic ies of the partic ipa ting units with respect to the members 

of s ta f f  normally carrying out the operations. Thus operations 

were usua lly  but not e xc lu s ive ly  performed or supervised by 

consu ltan t surgeons. The p a r t ic ip a t in g  consultants had a 

variable degree of experience with surgical stapling p r io r  to 

the commencement o f the study. With the exception o f  one 

however, they were not regular stapler users. Therefore, there 

was l i t t l e  se le c t iv ity  with regard to partic ipa ting centres, 

surgeons and patients. In th is  regard we feel that th is  study 

is  representative of the average surgical practice in the United 

Kingdom.
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4.4 AUDIT OF DATA RECORDING

Controlled prospective randomised t r ia ls  are undoubtedly one of 

the more valuable ways of acquiring knowledge. Despite th e ir  

remarkable discriminative power however, they have a number of 

p i t f a l l s  which have to be taken into account in the design and 

the conduct of a study. The longer a t r ia l  continues the less 

easy i t  is  to keep the background cond itions steady, ju n io r  

s t a f f  come and go and the protocol is  sub tly  a lte red  by 

unconscious d r i f t  (^2)  ̂ Multicentre entry of patients helps 

accumulate data faster and somewhat alleviates these problems. 

However i t  also introduces a :'no ise" which may have a 

considerable impact on the f in d in g s  (^3) y0 assess the 

accuracy of data co llection in our t r ia l  we chose to re-examine 

the patient information documents of a randomly selected sample 

of patients a fte r the completion of patient recruitment. The 

comparison o f the data recorded in these documents w ith  the 

o r ig ina l hospital records revealed few errors. In terms o f key 

study va r iab les , the anastomotic s i te  had been entered 

incorrect ly  or incompletely on four occasions and the gender fo r 

one patient had been marked incorrectly . The results of th is  

qu a li ty  control exercise suggested that major inaccuracies in 

data collection that could have influenced the conclusions of 

the study have not occurred.
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4.5 ANASTOMOTIC INTEGRITY

There were 40 patients in the study who developed anastomotic 

dehiscence. Although a 4% overall anastomotic leak rate in 

gastro in testina l surgery appears to compare favourably with the 

results of most published series, i t  has to be emphasised that 

d i r e c t  comparisons are often misleading. For instance, 

F ie ld ing  et a l . ,  reported a p rospective ly  studied series of 

1,466 p a t ie n ts ,  where the incidence o f c l i n i c a l l y  evident 

anastomotic dehiscence was 13% (®^). However, the study 

population in th is  report is quite d if fe ren t to ours. Patients 

in our t r i a l  had benign or malignant disease throughout the 

e n t i re  g a s tro in te s t in a l  t r a c t ,  while F ie ld ing  et a l . ,  only 

studied patients with large bowel cancer. Also the protocol for 

the t r i a l  reported herein imposes an element of s e le c t iv ity  for 

the randomised cases, in that only anastomoses suitable fo r both 

suturing and stapling were considered. A further factor that 

may have favourably influenced the leak rates in our t r ia l  is 

the "a u d it -e f fe c t" . This phenomenon refers to an improvement 

in the observed results when a surgical management strategy is 

being assessed in the context of a t r i a l ,  especially when there 

is  information feedback to the partic ipating surgeons during the 

course o f the t r ia l

Matheson and his associates from Aberdeen have c o n s is te n t ly  

re p o r te d  good r e s u l t s  w ith  a s in g le  la ye re d  s u tu r in g  

technique (66_69). These results have often been quoted as the
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gold standard for anastomotic in teg r ity  (70>71). Between 1969 

and 1974, Matheson and Irv in g  ca rr ied  out 205 e le c t iv e  

g a s tro in te s t in a l  anastomoses with only one c l in ic a l  leak 

(0.5%) (07). During the same period three o f th e i r  20 

emergency anastomoses dehisced (15%) (66,67)  ̂ j n a f 0How-up

to th is ,  Matheson published a review of his experience in 116 

elective and 20 emergency large bowel anastomoses between 1975 

and 1979 (®®). C lin ical leak rates were 5.3% fo r elective and 

30% fo r emergency anastomoses. More recently Matheson et a l ., 

published results on 204 elective large bowel operations where 

only three c l in ic a l ly  evident anastomotic leaks occurred (1.5%) 

(69). i t  must be emphasised that these commendable results, 

u n l ike  the study reported herein, are achieved by a s ing le  

experienced surgeon with a specia lis t in terest in th is  f ie ld  of 

surgery practising a well established surgical technique.

Table 4.1 summarises 15 c l in ica l studies reporting anastomotic 

leak rates in large bowel surgery. There is c lea rly  a wide 

v a r ia t io n  in the s p e c if ic  aims, methodology and p a t ie n t 

populations between these studies and the m a jo r i ty  re fe r  to 

sutured anastomoses only. Nevertheless these results suggest 

th a t  the anastomotic leak ra te observed in our study is  

comparable to the available data in the l i te ra tu re .
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ANASTOMOTIC LEAK RATES IN LARGE BOWEL SURGERY

Authors No. of 
Patients

Clin ical
leaks (%)

Everett, 1975 (72) 92 * 19 (20.6%)

Goligher et a l ., 1977 (73) 135 * 9 ( 6.7%)

Jonsell & Edelmann, 1978 (74) 165 14 ( 8.5%)

Fielding et a l , 1980 1466 191 (13.0%)

Matheson et a l , 1981 137 11 ( 8.0%)

Heald & Leicester, 1981 (73) 100 * 13 (13.0%)

Beart & Kelly, 1981 (38) 80 * 3 ( 3.8%)

Shorthouse et a l , 1982 (78) 112 * 14 (12.5%)

Leff et a l . ,  1982 (77) 106 9 ( 8.4%)

Brennan et a l ., 1982 (39) 100 12 (12.0%)

Kennedy et a l , 1983 (78) 265 8 ( 3.0%)

McGinn et a l , 1985 118 * 9 ( 7.6%)

Matheson et a l , 1985 204 3 ( 1.5%)

Everett et a l , 1986 94 2 ( 2.1%)

Canivet et a l , 1989 (79) 373 35 ( 9.4%)

(*) = Rectal anastomoses only.

TABLE 4.1
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4.5.1 SUTURED VERSUS STAPLED LEAKS

Any new anastomotic technique, before gaining universal 

acceptance, ought to be compared with the established norms of 

anastomotic cons truc t ion . Arguably the most important 

c r i te r io n  in th is  comparison is the incidence of anastomotic 

dehiscence. Such a comparison however is confounded by 

d i f f i c u l t i e s  on at least two accounts. F i r s t l y ,  the 

occurrence of anastomotic dehiscence is influenced by a number 

of other diverse factors, hence the investigation of any one 

v a r ia b le  requires a well con tro lled  prospective t r i a l .  

Secondly, anastomotic dehiscence is a re la t ive ly  uncommon 

occurrence, therefore demonstrating any s ign if ican t difference 

in i t s  incidence as a result of a particu lar management policy 

requ ires  a la rge number o f pa tien ts . This fa c t  is  well 

i l lu s t ra te d  in a l l  of the previously published prospective 

randomised comparisons of suturing and stapling techniques 

(37-43) where sample sizes were small and a "Type I I "  

e rror cannot be ruled out.

In th is  t r i a l  the to ta l study population was determined by 

p r io r  estimations of s ta t is t ica l power. Yet we demonstrated no 

s ta t is t ic a l ly  s ign if ican t difference between surgical stapling 

and manual su tu r ing  techniques in terms o f anastomotic 

security. I t  has to be emphasised however that the confidence 

in te rva ls  are consistent with anything from a 20% improvement 

to a 2.7 fo ld  deterioration in the incidence of c l in ic a l  leaks 

with the use o f stapling instruments.
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With regard to anastomotic d is ru p t io n , perhaps the most 

s tr ik in g  difference between the sutured and stapled groups was 

the re la t ive  incidences of duodenal stump leakage. In an 

attempt to provide an explanation for the high incidence of 

leakage from stapled duodenal stump closures, hospital records 

o f  the seven pa tien ts  with dehisced stapled stumps were 

reviewed. One of these patients had bled s ig n if ica n t ly  from 

the gastrojejunostomy and required an emergency re-operation 

to achieve haemostasis. Another patient developed severe 

intra-abdominal sepsis following a stapled gastrectomy which 

was found to be due to a perforation in the transverse colon 

(o f unexplained aetiology). In a th ird  case electro-cautery 

was used on the stapled duodenal stump at the time of the 

opera tion to  con tro l bleeding, a p rac tice  which is  not 

recommended by the manufacturers o f s tap ling  instrum ents. 

Whether any o f these factors were important in the aetiology 

o f  the dehiscence o f stapled duodenal stumps remains 

uncertain. Our results in th is  respect are at variance with 

the p rev iou s ly  published reports . Lowdon et a l . ,  ( 3^) 

reported eight leaks in 66 sutured duodenal stumps and one 

leak in 54 stapled stumps in a re trosp ec t ive  comparison. 

Weil and Scherz (33) reported 545 B i l l ro th  I I  gastrectomies 

where the incidence of duodenal stump leakage was 4.7% with 

sutures and 2.5% with staplers. Kabanov compared suturing 

and stapling techniques in a prospective randomised t r i a l  

where 826 patients undergoing gastrectomies were studied (36).
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Duodenal stump fa i lu re  occurred in 0.6% of the stapled and

2.2% o f the sutured closures. The explanation fo r  the 

discordance between these results and our observations is not 

c lear. However duodenal stump closures constitute a small 

proportion o f our to ta l study population and the observed 

difference between sutures and staples in th is  small sub-group 

is compatible with a chance effect.

S tap lin g  techniques also resu lted in a s l i g h t l y ,  but not 

s ig n if ic a n t ly ,  higher incidence of c l in ic a l leaks in patients 

with colorectal anastomoses. Fifteen of the 111 stapled

c o lo re c ta l  anastomoses were defunctioned by a temporary

proximal stoma whereas th is  r a t io  was 20 out o f 113 fo r

sutured co lo re c ta l anastomoses. I t  is  accepted tha t a 

proximal stoma does not prevent anastomotic dehiscence. I t  

may however a lte r  the c l in ica l consequences should anastomotic 

d isruption occur. Hence i t  is conceivable that as a resu lt 

o f the s t r i c t  de fin it ion  of c l in ica l leak employed in th is  

study, the discrepancy between the use of defunctioning stomas 

in sutured and stapled groups may have influenced the observed 

frequency of c l in ic a l leaks from colorectal anastomoses.

4 .5 .2  RADIOLOGICAL LEAKS

Radiological assessment of an anastomosis may have a c l in ic a l 

value in the assessment of anastomotic stenosis or recurrence, 

or in the management o f c l i n i c a l l y  evident anastomotic
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dehiscence. I t  also provides useful c l in ica l information fo r 

objective evaluation and comparison of new surgical techniques 

and fo r purposes of quality control and surgical audits. On 

the other hand demonstration of a sub-clinical leak in the 

early post-operative period w i l l  rarely a lte r  a pa tien t 's  

management. The safety of such investigations has also been 

questioned. Matheson et a l ., abandoned radiological assessment 

of large bowel anastomoses in 1976 based on th e ir  concern 

about potential risks (^8), Haynes et a l ., in a review of 

t h e i r  experience w ith 117 early  post-opera tive con tras t 

enemas fo r  l e f t  sided colonic resections found a high 

incidence of serious complications including one death (®*). 

In our experience the investigation appeared safe. There 

were only three incidences where the radiological procedure 

may have contributed to the development of a c l in ic a l  leak. 

We encountered no other complications associated with the 

technique. This is  in agreement w ith  the f in d in g s  o f 

Shorthouse et a l . ,  who reviewed 135 consecutive con tras t 

enemas in St Mark's hospita l and concluded th a t the 

investigation was safe (^6)

In our experience the incidence of radiological leaks was 

s ig n i f i c a n t l y  higher in sutured co lo rec ta l anastomoses 

compared to  stapled ones. Although a d i f fe re n ce  between 

sutured and stapled anastomoses in th is  respect has not been 

reported before, th is  result is in agreement with the findings

98



of Goligher, who reported a very high radiological leak rate 

in his sutured rectal anastomoses (29%) (28,73) McQinn et 

a l . ,  however found the reverse to be true. The radiological 

leak rates from th e ir  series were 24% for staples and 6.6% fo r 

sutures . Both Brennan et a l ., and Everett et a l ., 

also included ra d io log ica l assessment in t h e i r  

comparative studies o f suturing and s ta p l in g .  The 

radio logical leak rates were very s im ilar fo r both anastomotic 

techniques in these two studies.

In a separate analysis investigating the value of contrast 

radiography in the p red ic t ion  o f ea r ly  pos t-opera tive  

morbidity, we found that radiography had disappointingly low 

s e n s it iv i ty  and spe c if ic ity .  The high predictive value fo r a 

negative re s u l t  was only a re f le c t io n  o f  the pauc ity  o f 

c l in ic a l ly  evident leaks. For instance, i f  the incidence of 

c l in ic a l  leak is 5%, any investigation attempting to predict 

th is  would have a negative predictive value of at least 95%. 

On the other hand the likelihood of developing a c l in ic a l  leak 

when the enema had demonstrated a leak (predictive value fo r  a 

p o s i t iv e  re s u l t )  was only 30% in our experience. These 

results  suggest that apart from surgical audits or c l in ic a l  

t r i a ls  assessing new anastomotic techniques, the routine use 

o f  co n tra s t radiography in large bowel surgery to  assess 

anastomotic in te g r i ty  may not be ju s t i f ie d .  Nevertheless, 

Chapter 7 discusses further long-term implications of
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sub-c lin ica l anastomotic leaks in patients with colorectal 

cancer. The usefulness of contrast radiography therefore

w i l l  be reconsidered in the l ig h t  of the data presented in 

Chapter 7.

4.6 LEARNING CURVE EFFECT

As with any new technique, i t  is reasonable to assume that 

with the use of stapling instruments there might be a learning 

curve e ffec t. This may have influenced the results achieved

by staplers in our study. McGinn and his colleagues, in

th e ir  prospective comparison of the two anastomotic techniques 

state that the participants had not had extensive experience 

with the stapling instruments at the commencement of th e ir  

t r i a l  and they observed an improvement in the re s u lts  o f 

s ta p l in g  in the second h a l f  o f the study We also

analysed our results to see i f  there was any evidence of a 

learning curve effect in our t r i a l .  Due to the d if fe re n t 

times that participants joined the t r i a l ,  the four year study 

period was not divided into two equal halves. Instead we 

divided the time period that each individual spent in the 

t r i a l  into two equal halves. The data presented in Table 3.8

shows th a t  in the l a t t e r  h a l f  the incidence o f  stapled

anastomotic leaks was considerably higher compared to the 

f i r s t  ha lf  of the t r ia l  period. However these results are 

confounded by other factors and are not conclusive in re fu ting 

a potential influence of a learning curve e ffec t. F i r s t ly
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a l l  ju n io r  s ta f f  attached to the partic ipating consultants 

contributed cases (and c l in ica l leaks) to the study. Since 

most jun io r s ta f f  in surgical units rotate fa i r ly  frequently, 

irrespective of when they performed the operations they are 

more l ik e ly  to have been re la tive beginners with surgical 

stapling instruments. This factor brings an imponderable 

bias while assessing a learning curve e ffec t. Furthermore 

the p a r t ic ip a n ts  o f our t r i a l  had varying degrees of 

experience with staplers prior to commencement of the study 

and at least one of them had been a regular stapler user. 

When the results were analysed separately fo r each individual 

consultant, one partic ipant was noted to have three stapled 

leaks amongst his f i r s t  seven patients and none subsequently. 

No other id e n t if iab le  trend was observed fo r the remaining 

consu ltan ts . In summary, we have not been able to 

demonstrate an influence from a learning curve e ffec t with the 

use of stapling instruments in th is  study. The data however 

is  not conclusive in th is  respect.

4.7 ANASTOMOSIS AND OPERATING TIMES

This study demonstrated a mean time saving of 13.8 minutes in 

the creation of gastrointestinal anastomoses when surgical 

stapling instruments are used instead of manual suturing. 

This is in accordance with the finding of Beart and Kelly 

and Didolkar et a l. both of whom found a s ign if ica n t

difference in anastomosis times in favour o f staplers in th e ir

101



respective studies. No other study o f anastomotic techniques 

has attempted to  measure or compare anastomosis t im es. 

Although the magnitude o f d ifference in terms o f anastomosis 

time is  modest, in patients requiring m u lt ip le  anastomoses the 

time saving may assume c l i n i c a l  re levance. Perhaps 

c l in i c a l l y  more relevant however is the time taken to complete 

an operation. In th is  regard previous prospective con tro lled  

t r i a l s  have produced v a r ia b le  r e s u l ts .  E ve re tt  and h is  

associates demonstrated a s ig n if ic a n t  time saving in

operations where stapling instruments were used, compared to 

those where anastomoses were hand sewn. Brennan et a l ., 

make no mention o f anastomosis or operating times in th e i r  

study. Other prospective contro lled t r i a l s  found no d iffe rence 

between sutured and stapled groups in terms o f operating 

times (37,38,40,42)  ̂ j n our experience surgical s tap ling  

instruments afforded quicker operations as well as quicker 

anastomoses compared with manual suturing. Furthermore the 

d iffe rence in operating times was cons is ten tly  in favour o f 

the stapled group in a l l  four surgical categories and i t  was 

s ta t is t i c a l l y  very highly s ig n if ic a n t  suggesting tha t i t  is  a 

true phenomenon. Nevertheless the actual magnitude o f the 

time saving was approximately 12 minutes per operation and 

whether th is  constitu tes a s ig n if ic a n t  advantage from the 

c l in ic a l  po int o f view remains debatable.
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4.8 MORTALITY

The overall operative m orta lity  rate in th is  study was 5.5% 

and there was no s ig n if ic a n t difference between the sutured 

and stapled groups in th is  regard. Around one quarter o f a l l  

the p o s t-o p e ra t iv e  deaths occurred as a consequence o f  

anastomotic complications. The high m orta l i ty  o f anastomotic 

dehiscence in gas tro in tes tina l surgery has been h igh ligh ted by 

F ie ld ing et a l . , ^ 4 ,8 2 ) ^  This contention is confirmed in our 

study where anastomotic dehiscence resulted in 28% and 45% 

m o rta l i ty  in lower gas tro in tes tina l and upper ga s tro in tes t in a l 

surgery re s p e c t iv e ly .  Comparison o f these re s u l t s  w ith  

quoted m o rta l i ty  rates in the l i te ra tu re  is  somewhat hampered 

by the use o f d i f fe re n t  d e f in it io n s  of operative m o r ta l i ty ,  a 

problem which has been h ig h l ig h te d  by Brown e t al . ,

recently  (47). Gritsman compiled data in the l i te ra tu r e  from 

d i f fe re n t  countries on over 50,000 gas tr ic  operations and 

found a m o rta l i ty  o f 3.4% fo r  benign disease and 10.4% fo r

cancer (3*). a series from Belgium was recently reported by 

Canivet et a l . ,  (79) who reviewed 476 operations fo r  large

bowel cancer and found a 13.5% m o r ta l i t y  ra te .  The 

corresponding rate fo r  St Mark's Hospital was reported by 

Lockhart-Mummery e t a l . ,  (®^) to  be 2.1%. By and la rg e  

therefore the operative m o rta l i ty  rate in th is  series seems 

comparable to the experience o f most other inves tiga to rs . 

Although the operative m o rta l i ty  appeared to be higher fo r  

patients with upper gas tro in tes tina l surgery than in large
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bowel surgery, th is  probably was a re f le c t io n  of a substantial 

proportion o f patients with advanced gas tr ic  or pancreatic 

cancer. Nineteen o f the 27 deaths in upper ga s tro in tes t ina l 

surgery occurred in p a t ie n ts  who underwent p a l l i a t i v e  

procedures fo r  advanced malignant disease.

4.9 DURATION OF HOSPITAL STAY

Suturing was shown to afford e a r l ie r  discharge o f patients 

from hospital compared to stapling in one s tu d y ( ^ ) .  Other 

p rospec tive  c o n t ro l le d  t r i a l s  (38,40-43) demonstrated no 

d i f fe re n c e  between su tu r in g  and s ta p l in g  in  terms o f  

postoperative hospital stay, which is  in accordance with the 

find ings o f our t r i a l .  Our experience suggests tha t the day 

of discharge is  a re la t iv e ly  poor ind ica tor o f post-operative 

recovery. In retrospect we feel that we should perhaps have 

also recorded the date that the patients were considered f i t  

fo r  discharge ra ther than the actual day they were sent home, 

s ince the l a t t e r  de c is io n  was o ften  based on s o c ia l and 

domestic considerations.

4.10 NON-RANDOMISED PATIENTS

Over the fo u r  year study period 86.5% o f  the p a t ie n ts  

undergoing g a s t r o in te s t in a l  anastomoses were considered 

suitable fo r  randomisation. In the remainder o f the operations 

there were a va r ie ty  o f reasons why the surgeons considered 

randomisation inappropriate. For most cases a mention was made
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of these reasons in patient information documents, however 

they were not recorded in a standardised and computer coded 

fashion as part o f the protocol d ic ta ted data co l le c t io n .  

Therefore only some general comments are possible.

In some cases stapling was not feasib le due to the nature o f 

the anastomosis, such as hepatico-jejunostomy, choledocho- 

duodenostomy, oesophageal anastomoses in the neck, cysto- 

gastrostomy fo r  pancreatic pseudo-cysts, etc. Inflammation, 

oedema and f r i a b i l i t y  o f the bowel or a marked d is p a r i t y  

between the th ickness  o f  the bowel ends o fte n  de te rred  

surgeons from using stapling instruments. On certa in  occasions 

( in  p a r t ic u la r  oesophageal anastomoses) the organs involved 

were found to be too narrow to accomodate the smallest size 

EEA cone and suturing was chosen e le c t iv e ly .  Occasionally, 

when a ju n io r  surgeon unfam iliar with stap ling techniques was 

o p e r a t in g  w i th o u t  s u p e rv is io n  th e y  d id  no t a t te m p t  

randomisation. One o f the frequent reasons fo r  using staplers 

e le c t iv e ly  was the surgeons' concern about time saving in s ick 

patients or those requiring m u lt ip le  anastomoses. Another area 

where the surgeons f e l t  that stap ling techniques were more 

appropriate was low colorectal anastomoses when access to the 

pe lv is  was d i f f i c u l t .

The p a t ie n ts  having non-randomised sutured o r s tap led  

anastomoses are, by d e f in i t io n ,  not comparable. Therefore no
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attem pt was made to  analyse the re s u l ts  according to  

anastomotic technique in th is  group. However, as a whole the 

non-randomised patients did not d i f f e r  s ig n if ic a n t ly  from the 

randomised group with regard to pre-operative variables. The 

higher c l in ic a l  leak rate and the higher operative m o rta l i ty  

in the non-randomised patients is  presumably a re su lt  o f the 

d i f fe re n t  nature o f operations that they underwent, which was 

re f le c te d  by a h igher p ro p o r t io n  o f  the p a t ie n ts  having 

m u lt ip le  anastomoses and longer operating times.

4.11 ECONOMIC CONSIDERATIONS

S ta p l in g  ins trum ents  are undoubtedly more expensive than 

suture materia ls and the additional cost incurred by th e i r  use 

has been one o f  the frequen t c r i t i c is m s  voiced aga ins t 

s tap ling . Reiling et a l . ,  in th e i r  prospective evaluation o f 

the two techniques, observed a 68% increase in operating room 

charges when s ta p le rs  were used (37). McGinn and h is  

colleagues calculated the cost o f anastomotic materials to be 

over £5,000 fo r  58 opera tions where s ta p le rs  were used, 

compared w ith  £420 fo r  60 s im i la r  opera tions  where the 

anastomoses were sutured (^O). Everett et a l . ,  also remarked 

tha t the cost o f a stapled recta l anastomosis with the EEA 

instrument was subs tan tia l ly  greater than that o f a s im ila r  

sutured anastomosis (4* ) .  They add however tha t in view o f 

the to ta l  cost o f such a procedure they did not consider th is  

to be a major issue. Based on figures obtained from the

106



pharmacy and the administration of one o f the p a r t ic ip a t in g  

hospita ls in our t r i a l ,  we estimated the cost o f stap ling 

instruments to be approximately 5% of the to ta l cost o f care 

fo r  a pa tien t. Another fac to r that may be re levant in the 

cos t a n a lys is  is  the p ro p o r t io n  o f  p a t ie n ts  in  whom a 

permanent stoma is  avoided by the use of stap ling instruments. 

Some authors have reported  th a t  between 10-60% o f  t h e i r  

patients have been spared permanent colostomies by the use o f 

s tap ling instruments fo r  low colorectal anastom oses^’ ^ ’ ^ ) . 

Although the issue is  controversial and i t  is  not possible to 

p rov ide  d i r e c t  evidence fo r  these a l le g a t io n s ,  i f  some 

p a t ie n ts  are in fa c t  spared permanent co lostom ies the 

resu ltan t saving in colostomy care appliances would more than 

o f fs e t  the extra cost o f s tap ling .

4.12 CONCLUSIONS

As the la rgest prospective randomised comparison of manual 

suturing and surgical s tapling techniques yet reported, th is  

t r i a l  has demonstrated th a t  s ta p l in g  ins trum ents  produce 

re su lts  comparable to tha t o f suturing techniques in terms of 

im po rtan t immediate outcome measures such as o p e ra t ive  

m o r t a l i t y ,  anastomotic s e c u r i ty ,  inc idence o f  in f e c t i v e  

c o m p lic a t io n s , recovery o f  g a s t ro in te s t in a l  fu n c t io n  and 

duration o f post-operative hospital stay. Of some concern 

was p o s t - o p e r a t i v e  haemorrhage from  s ta p le d  upper 

gas tro in tes t in a l anastomoses. Although th is  complication
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occurred in a small number o f p a t ie n ts  i t  has a lso been 

observed by o ther i n v e s t i g a t o r s ^ ’ 24,70,80)  ̂ jj. wouid  

therefore seem prudent to advise extra caution in securing 

complete haemostasis fo r  s tap led upper g a s t r o in te s t in a l  

anastomoses. A fu r th e r point that deserves a tten tion  is  the 

alarmingly high incidence o f anastomotic breakdown in duodenal 

stumps closed with stap lers, fo r  which no re ad ily  apparent 

explanation could be id e n t i f ie d .  I t  should be pointed out 

t h a t  in  t h i s  re s p e c t  the  e x p e r ie n ce  o f  p re v io u s  

investigators  has been contrary to our f ind ings (33,34,36) 

and our data are compatible with a chance d is t r ib u t io n .  In 

patients with colorecta l anastomoses, stap ling s ig n i f ic a n t ly  

reduced the inc idence o f  s u b -c l in ic a l  anastomotic le a ks . 

A l th o u g h  t h i s  d id  no t have any s h o r t  te rm  c l i n i c a l  

im p lica tions, i t s  relevance in the long term remains to be 

determined. Surgical s tapling also afforded s ig n i f ic a n t ly  

quicker anastomoses and operations. However the magnitude o f 

the time saving is  not la rg e  and is  perhaps u n l ik e ly  to  

trans la te  in to  s ig n if ic a n t  cos t-e ff ic iency .

I t  is  hoped that th is  study w i l l  provide some guidance to 

surgeons in th e ir  selection o f anastomotic technique. The 

f i n a l  s e le c t io n  o f  anastomotic technique is  l i k e l y  to  be 

m u l t i f a c t o r ia l  and w i l l  a lso  take in to  account o th e r  

considerations such as ease o f anastomotic construction, cost, 

speed, personal preferences and tra in in g  o f ju n io r  surgical 

s ta f f .
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SECTION I I  

STUDIES ON COLORECTAL CANCER
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CHAPTER 5

CARCINOMA OF THE COLON AND RECTUM 

Backround and l i te ra tu re  review
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5.1 INTRODUCTION

Worldwide, co lorecta l cancer is  ubiquitous among a l l  ethnic 

groups and geographic reg ions . The inc idence , however, 

varies sharply. Areas with the highest prevalence are New 

Zealand, A us tra l ia , North America and Western Europe, where 

the age-standardised incidence is  around 50 per 100,000 o f the 

population (87-89) j n these parts of the world where i t  is 

p a r t i c u la r l y  p re v a le n t ,  c o lo re c ta l  cancer is  the second 

leading cause o f cancer related deaths (99>91).

At the time of presentation patients with colorecta l cancer 

f a l l  in to  one o f the fo llowing categories:

i .  Tumour confined to i t s  s i te  o f o r ig in  or to the local 

lymphatics.

i i .  Spread o f primary tumour to the l i v e r  along the portal 

venous system.

i i i .  D istant metastases associated with primary tumour, w ith 

or w ithout l i v e r  metastases.

5 .1 .1  COLORECTAL CANCER WITH SYSTEMIC SPREAD

Like a l l  other malignancies, the main determinant o f outcome 

in co lorecta l cancer is  the stage o f disease at presentation. 

At the time o f presentation, around a quarter o f patients with 

co lorecta l cancer have widespread systemic metastases an(j 

50-65% o f  p a t ie n ts  w i l l  have them by the time o f  t h e i r  

death (93,94) ^  present no prospect o f cure ex is ts  fo r
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these pa tients . Three quarters of a l l  patients presenting 

w ith metastases w i l l  die o f th e i r  disease w ith in  12 months and 

very few w i l l  survive beyond two years (94)^

The ro le  o f radiotherapy in widespread systemic disease is 

n a tu ra l ly  l im ited  to p a l l ia t io n .  As regards chemotherapy, a 

number o f reviews quote response rates between 9-15% with 

s ingle agent therapy and occasionally up to 40% response rate 

with combination chemotherapy (95-97)  ̂ yery f ew t r i a l s  have 

shown any prolongation o f survival (^8)

5 .1 .2  COLORECTAL CANCER WITH LIVER METASTASES

In patients with colorecta l carcinoma, the frequency o f overt 

hepatic metastases at the time o f presentation is  between 15 

and 25% (99,100) j ^ e d iagnos is  o f  l i v e r  metastases is  

associated with a mean survival o f 6-10 months (101 -103) 

Survival shows a d ire c t  re la tionsh ip  with the extent o f l i v e r  

invo lvement (100,104) ancj d i f f e r e n t i a t i o n  o f  the

metastatic tumour ( ^ ) .

Around 5% o f patients with hepatic metastases from colorecta l 

cancer could be candidates fo r  l i v e r  resection (*°6) There 

is  now good evidence tha t resection is  associated with a major 

improvement in surviva l in these patients (103,106,107)^
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In theory, fo r  patients with m ult ip le  unresectable metastases 

o f  c o lo re c ta l  cancer confined to  the l i v e r ,  re g ion a l 

chemotherapy techniques allow high local concentrations o f the 

chemotherapeutic agent to reach the tumour w ith  reduced 

systemic to x ic i t y .  However, e a r l ie r  experiences comparing 

system ic versus i n t r a - a r t e r i a l  chemotherapy have been 

disappointing or at best equivocal (108,109) j wo recent  

p ro sp e c t ive  randomised t r i a l s  demonstrated s ig n i f ic a n t ly  

b e t te r  response ra tes  fo r  i n t r a - a r t e r ia l  chemotherapy 

(1 1 0 ,1 H ) .  However the improved response ra te  d id  not 

trans la te  in to  s ig n i f ic a n t ly  improved survival ra tes. Aigner 

developed a fu r th e r  te ch n ica l re finem ent o f  re g ion a l 

chemotherapy ( * 12) .  His p re l im in a ry  experience w ith  t h is  

technique, named " iso la ted l i v e r  perfusion", in 46 pa tien ts , 

suggests th a t  i t  might be sup e r io r  to  i n t r a - a r t e r i a l  

chemotherapy a lone. However t h is  technique has not been 

evaluated c l in i c a l l y  in a large scale anywhere else in the 

world.

5 .1 .3  COLORECTAL CANCER: LOCAL DISEASE

I t  is  evident from the discussion above tha t any improvement 

in  the s u rv iv a l  prospects fo r  those p a t ie n ts  in  whom the 

spread o f co lorecta l cancer has progressed beyond the local 

lymphatics is  dependent upon the development o f more e f fe c t iv e  

treatment methods fo r  advanced disease. In contrast, fo r  

t r u ly  local disease surgical treatment has a proven cura tive

113



r o le .  At the time o f  p resen ta t ion  approx im ate ly  60% o f 

patients f a l l  in to  th is  category where they are amenable to a 

"curative" resection ( ^ 3 ) .  Qnly h a lf  o f these patients 

however, w i l l  survive fo r  f iv e  years (105-115)_ Although 

most se r ie s  re p o r t  a favourab le  trend  in s u rv iv a l  from 

colorecta l carcinoma in the la s t  few decades, the reason fo r  

t h is  appears to  be e a r l i e r  d e te c t io n  and improvements in 

op e ra t ive  m o r ta l i t y  (8 3 ,11 6 ,1 17 )  ̂ ^ number o f  s tud ies

(113-115,118-120) shown th a t  the long -te rm  s u rv iv a l

prospects o f patients undergoing p o te n t ia l ly  cura tive  surgery 

fo r  colorecta l cancer has remained more or less s ta t ic  over 

the la s t  30 years.

5 .1 .4  WHY DOES "CURATIVE" SURGERY FAIL TO CURE?

A possible explanation fo r  the fa i lu re  to cure local disease 

by surgery was suggested by Fisher and Turnbull ( ^ 1 ) .  These 

authors demonstrated cancer c e l ls  in the porta l venous blood 

o f e ight o f the 25 colon cancer patients they studied and 

po s tu la te d  th a t  these c e l ls  may have been s c a tte re d  by 

operative manipulation. Based on th is  hypothesis, Turnbull 

adopted a techn ique o f la rg e  bowel re s e c t io n  f o r  cancer 

wherein the tumour was not dissected or handled in any manner 

u n t i l  a f te r  i t s  lymphatic and vascular pedicles were l iga ted  

and the bowel was divided at the s ites elected fo r  resection. 

To emphasise the type o f  technique, the name "no-touch 

is o la t io n "  was adopted. Turnbu ll compared 664 p a t ie n ts
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operated on using the no-touch iso la t ion  technique at the 

Cleveland C l in ic  between 1953 and 1964, with 232 patients 

operated on during the same period in the same in s t i tu t io n  by 

f iv e  other surgeons using conventional techniques (122). por 

a l l  stages the cumulative survival rate was be tte r fo r  the no

touch iso la t io n  group, 51% compared to 35%. This was an 

uncontrolled study however, and due to incomparability  o f 

groups i t  f e l l  short o f providing conclusive evidence fo r  

Turnbu ll 's  hypothesis. In two retrospective reviews Stern 

and Schottenfeld at the Memorial Hospital in New York (123) 

and R itchie at St Mark's Hospital, London (124) f a-j-|e(j to 

demonstrate any influence of the no-touch iso la t io n  technique 

on patient su rv iva l.  More recently Jeekel's group in the 

Netherlands undertook a prospective randomised t r i a l  to te s t 

the e ffe c t o f no-touch iso la t io n  technique on the prognosis o f 

patients undergoing surgery fo r  colorectal cancer (125) j n 

the years 1979-1982, 236 p a t ie n ts  entered t h is  t r i a l  and 

Jeekel reported resu lts  with a mean follow-up of 58 months on 

these p a t ie n ts  (126). The p ro p o r t io n  o f  p a t ie n ts  who 

developed l i v e r  metastases was 7% in the no-touch iso la t io n  

group, compared to  20% in those who had a conventiona l 

resection. However at 58 months the survival between the two 

groups was not d i f fe re n t  (65% versus 62%).
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An a lte rna tive  explanation fo r  the fa i lu re s  o f ostensibly 

c u r a t i v e  s u rg e ry  was suggested by F in la y  and h is  

co lleagues ( ^ 7 )  These authors s tud ied  43 p a t ie n ts

undergoing surgery fo r  colorectal cancer and subjected them to 

isotope l i v e r  scan, ultrasonography and computed tomography in 

the immediate p o s t-o p e ra t ive  pe r iod . Six o f  these 43 

patients had macroscopically evident l i v e r  metastases at the 

time o f surgery. Of the remaining 37, 11 developed l i v e r  

metastases w ith in  two years o f surgery. The post-operative 

CT scans had detected sub-c lin ica l l i v e r  metastases in nine of 

these 11 patients . Based on these observations Finlay et 

a l . ,  suggested th a t  around 30% o f p a t ie n ts  undergoing 

apparen t ly  c u ra t iv e  surgery fo r  c o lo re c ta l  cancer already 

possess occult l i v e r  metastases. Further support to th is  

hypothesis came from another study published in the same year 

by Finlay and McArdle ( ^ 8 )  where they demonstrated tha t in 

patients undergoing surgery fo r  colorecta l cancer CT find ings 

at the time o f surgery predicted the prognosis more accurately 

than pre-operative CEA status or tumour stage or grade.

116



5 .2  LOCAL RECURRENCE OF COLORECTAL CANCER

The above discussion highlighted two factors which may p a r t ly  

be responsible fo r  the 50% fa i lu re  rate fo llowing p o te n t ia l ly  

curative resections fo r  colorectal cancer:

i .  Wrongly c lass ify ing  the operation as curative when there 

are occult l i v e r  metastases present.

i i .  Converting localised disease to systemic disease by 

tumour ce ll embolisation at the time o f surgery.

Neither o f these mechanisms however explain the fa i lu re s  o f 

surgical treatment due to local recurrence.

5.2 .1  INCIDENCE OF LOCAL RECURRENCE

The wide v a r ia t io n  in the reported inc idence o f  lo c a l  

recurrence o f colorectal cancer may p a r t ly  re f le c t  the lack o f 

consensus regarding an exact d e f in i t io n .  Recurrent cancer in 

the region o f the anastomosis may be associated w ith i n i t i a l l y  

extra-mural tumour growth which spreads to reach the mucosal 

surface o f the bowel. A lte rn a t ive ly , a loca lised recurrence 

o f the luminal aspect of the anastomosis may extend outwards 

and present as a tumour mass involv ing the en tire  thickness o f 

the bowel w a ll associated w ith  an ex tra -m ura l component. 

C lin ica l data seldom allow a c lear cut d is t in c t io n  between 

these two possible modes o f spread (129)^
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The reported incidence o f local recurrence fo llowing curative 

surgery fo r  c o lo re c ta l  cancer va r ie s  between 5-46%. In 

studies where 'seco nd - look ' laparo tom ies were used e i th e r  

r o u t i n e l y  ( l^ O )  o r as in d ic a te d  by a r i s e  in  CEA 

leve ls (131,132)^ incidence o f local recurrence was found 

to be between 30-45%. One autopsy study on 1008 patients who 

died a f te r  curative resections fo r  colorecta l cancer detected 

a 46% incidence o f local re c u r r e n c e P w (^ 3 ) . ^ i th  a s t r i c t  

c l in ic a l  follow-up po licy , Schiessel et a l ., detected 156 

recurrences (22%) among 715 p a t ie n ts  fo l lo w in g  c u ra t iv e  

surgery, o f which 90 (13%) were local recurrences ( 1 3 4 ,1 3 5 )  ̂

In a study from Malmo, Berge et a l ., reported a 34% incidence 

o f recurrence (local and/or d is tan t)  among 639 patients (136). 

The most comprehensive experience in the U.K. was reported by 

P h i l l ip s  et a l .,  who obtained complete follow-up information 

on 2,220 p a t ie n ts  a f t e r  c u ra t iv e  surgery fo r  c o lo re c ta l  

cancer (137). Local recurrence was detected in 309 (14%) o f 

these pa tien ts .

In summary the exact incidence o f local recurrence fo llow ing 

curative surgery fo r  colorectal cancer remains unclear. Data 

from post mortem studies and 'second look ' laparotomies serve 

to i l l u s t r a te  the b io log ica l problem o f local recurrence, the 

incidence o f which may be as high as 46% . However, some 

patients reported to have a local component to th e i r  recurrent 

disease presumably do not have a c l in ic a l  problem with the
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local recurrence. A review o f the data suggests that local 

recurrence alone presents as a c l in ic a l  problem in 10-20% o f 

patients undergoing curative surgery.

5 .2 .2  DISEASE FREE INTERVAL IN PATIENTS WITH LOCAL RECURRENCE

The m a jo r i ty  o f p a t ie n ts  w ith  lo ca l recurrence fo l lo w in g  

"cura tive" surgery fo r  colorectal cancer present w ith in  the 

f i r s t  two years o f the operation. In the experience o f Berge 

et a l . ,  70% of the 172 patients with recurrent co lorecta l

carcinoma were diagnosed w ith in  24 months o f surgery (136) 

The corresponding f ig u re  from the Massachusetts General 

Hospital series was 69% (138) Stulc et a l .,  (13g)found 

median disease free in terva l between resection o f the primary 

co lorecta l tumour and evidence o f local recurrence to be 13 

months and a l l  recurrences in the 158 patients they studied 

had occurred w ith in  27 months o f surgery. The experience 

from the Large Bowel Cancer Project revealed that the r is k  o f 

local recurrence increases rap id ly  to reach a peak between 9 

and 12 months p o s t-o p e ra t iv e ly  and th e re a f te r  f a l l s  to  a 

steady ra te  o f  between 0.75 - 1 % per each th ree  month 

period (137). The minimum follow-up in th is  study was three 

years and by th is  time 85% o f  lo ca l recurrences had been 

detected.
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5 . 2 . 3  LOCAL RECURRENCE: PROGNOSIS

Local recurrence fo llowing "curative" surgery fo r  colorecta l 

cancer, once manifest is a major fac to r l im i t in g  su rv iva l.  

Welch and Donaldson, in an autopsy study o f  re c u rre n t  

colorecta l cancer reported that depending on the s i te  o f the 

primary tumour 20 to 35% of the deaths were a t t r ib u ta b le  to 

local recurrence (^3 )# According to Moertel 50% of patients 

with co lorecta l cancer die from the local e ffec ts  o f recurrent 

cancer and 50% succumb to d is tan t spread (140) Taylor, in a 

post mortem study o f  a group o f p a t ie n ts  w ith  c o lo re c ta l  

cancer (only 25% of whom had a curative resection) found tha t 

t h r e e - q u a r t e r s  o f  a l l  d e a th s  w ere  due to  l o c a l  

recurrence (1 4 1 )# Cass e t a l . ,  a t t r ib u te d  death from 

colorecta l cancer to local recurrence alone in 60%, local and 

d is tan t disease in 14% and d is tan t metastases alone in 26% o f 

the patients (142). McDermott et a l . ,  in a review o f 1,008 

patients with recta l cancer reported an overall f iv e  year 

survival ra te  o f 69% (120). j n ^he sub-group developing 

local recurrence however f ive  year survival was 19%. Wenzl et 

a l . ,  found tha t among 121 patients with local recurrence o f 

c o lo re c ta l  cancer, 60 were amenable to  a second ra d ic a l  

operation w ith the in tention o f cure (135)  ̂ s ix ty  f iv e  per 

cent o f these patients however died w ith in  35 months and no 

patient w ith p a l l ia t iv e  treatment was a l ive  at the end o f  the 

35 month period.
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5 .3  MECHANISMS OF LOCAL RECURRENCE

5.3.1 INADEQUATE LOCAL CLEARANCE

Wide margins o f resection both proximal and d is ta l to a tumour 

and wide clearance o f the mesentry of a tumour bearing segment 

ra re ly  poses a problem fo r  intraperitoneal neoplasms o f the 

large bowel. In contrast, fo r  rectal carcinomas, 'sa fe ' 

c learance margins have remained a m atter o f  debate s ince 

recta l excision became su rg ica lly  feasib le. In 1908 Miles 

reported resu lts  in 57 patients undergoing perineal excision 

o f  rectum fo r  carcinoma, o f  whom 95% developed lo c a l 

recurrence w ith in  three years o f operation. (143)# These 

r e s u l t s  prompted him to  deve lop  the  te c h n iq u e  o f  

abdominoperineal resection which enabled tumour clearance in 

the 'zone o f  upward sp read '.  For nea r ly  th re e  decades 

abdominoperineal resection remained the most widely practiced 

operation o ffe r in g  scope fo r  adequate tumour clearance in 

patients w ith recta l cancer. However, the p reva il ing  concepts 

o f  the spread o f  re c ta l  carcinoma were cha llenged in  the 

1930s (144-146)  ̂ pavi ng the way to  Dixon (147) ancj

Wangensteen (148) t 0 develop the f i r s t  sphincter preserving 

abdominal excisions o f the rectum fo r  recta l cancer. This 

approach, adopted by many eminent colorectal surgeons (149- 

152)} was -jn turn followed by debate on safe d is ta l  resection 

m arg ins  w h i le  p e r fo rm in g  s p h in c te r  p re s e r v in g  r e c ta l  

e x c is io n s .  I n i t i a l l y  concern regard ing adequate d i s t a l

121



clearance and technical f e a s ib i l i t y  l im ited  the application o f 

an te rio r resection to carcinomas o f the upper rectum. However 

several studies published in the 1960s and 1970s demonstrated 

that sphincter saving operations could also be safe ly employed 

fo r  cancers o f mid-rectum, with d is ta l resection margins o f 

approximately 2 cms, without any apparent increase in the 

incidence o f local recurrence (S3,153-156) j n jggg Hughes et

a l ., reported a pathological study investiga ting  patterns of 

local spread on resection specimens from 42 patients with

large bowel cancer (157) Intra-mural tumour spread was seen

in only two o f these specimens, one extending d is ta l ly  fo r  2 

cm in a lymphatic channel and the other spreading proximally 

on the serosal surface o f a specimen from a p a l l i a t i v e  

re s e c t io n .  In the same year W ill iam s e t a l . ,  pub lished 

another pathological study (158) where 50 abdomino-perineal 

re se c t io n  specimens were examined f o r  the presence o f

microscopic d is ta l  intra-mural spread. There was no spread

in 38 o f these specimens. Seven revealed evidence o f spread 

fo r  1 cm or less and only f ive  had d is ta l spread greater than 

1 cm. Each o f these f ive  patients had poorly d i f fe re n t ia te d  

Dukes C adenocarcinomas. Williams concluded tha t d is ta l

intramural spread in colorectal carcinoma is  rare, when i t

does occur i t  usually extends fo r  less than 1 cm. and in those

cases where i t s  extent is  greater, the tumours are poorly 

d if fe re n t ia te d  Dukes C or D lesions with poor prognosis (159). 

There is  convincing evidence in the l i te ra tu re  tha t retrograde
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lymphatic spread in recta l carcinoma is s im i la r ly  rare and 

occurs only in patients with advanced tumours (160-162) y ^  

p a th o lo g ic a l  ev id ence  th e r e f o r e  s t r o n g ly  r e fu te s  the 

theore tica l r is k  o f inadequate d is ta l clearance by sphincter 

saving resections o f the rectum, compared with the clearance 

obtained by to ta l recta l excision. These observations have 

been confirmed by a number o f c l in ic a l  reviews which have 

shown s p h in c te r  saving opera tions to  be as " c u r a t iv e "  as 

abdomino-perineal resection fo r  rectal cancer (163-168)

More re c e n t ly  however a t te n t io n  has been focused on the 

la t e r a l  spread o f  cancer and the importance o f  l a t e r a l  

clearance, thus rev iv ing the potentia l ro le o f inadequate 

tumour c learance in  the development o f  lo ca l recu rre nce . 

Heald and his colleagues drew attention to microscopic tumour 

deposits in the mesorectum o f f ive  patients with co lorecta l 

cancer (169)  ̂ Based on th is  observation they postulated tha t 

wide excision o f the mesorectum is crucia l in the prevention 

o f  lo c a l  recurrence o f  re c ta l  cancer. Adhering to  t h is  

surgical p r in c ip le  Heald published local recurrence rates o f 

2.6% and 3.3% in  two recent reviews o f  h is  own s e r ie s  

(170,171) Durdey et a l . ,  also demonstrated the importance 

o f la te ra l  clearance on 52 recta l excision specimens examined 

They id e n t i f ie d  tumour in la te ra l excision margins in 

20 o f  these specimens. Eleven o f these 20 operations had 

been c la s s if ie d  as curative at the time o f surgery and in 15
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o f these 20 patients local recurrence had become manifest 

a f te r  a median follow-up of 23 months. Keighley and his 

co lleagues found th a t  c y to lo g ic a l  smears from the fo u r  

quadrants o f the pe lv is  and imprint cytology o f the tumour bed 

are re l ia b le  ind icators o f inadequate tumour clearance (173) 

They s tud ied 60 p a t ie n ts  o f  whom 12 were found to  have 

pos it ive  malignant cytology. At a mean follow-up o f 16.5 

months seven o f these 12 p a t ie n ts  had developed lo c a l 

recurrence.

In summary, adequate local clearance o f colorecta l cancer is  

fundamental fo r  the prevention o f local recurrence. In terms 

of d is ta l  clearance, there is  substantial evidence tha t a 

margin o f 2 cm is  adequate. Lateral clearance however has 

received less recognition and may account fo r  a proportion o f 

the lo c a l recurrences fo l lo w in g  o s te n s ib ly  c u ra t iv e  

resections. Nevertheless inadequate tumour clearance alone 

is  not s u f f i c ie n t  to  exp la in  a l l  lo ca l recurrences. In 

carcinomas of the large bowel more proximal to the rectum 

sa t is fa c to ry  resection margins are achieved without d i f f i c u l t y  

and ye t lo c a l recurrence can occur. Furthermore lo c a l 

recurrence has been described fo llow ing the resection o f early  

tumours where the p o s s ib i l i ty  o f inadequate clearance should 

not ar ise . I t  is therefore l i k e ly  tha t in the development o f 

lo c a l  recurrence mechanisms o the r than inadequate tumour 

clearance also play a ro le .
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5.3.2 IMPLANTATION METASTASIS

A ttention has been drawn to implantation o f tumour ce l ls  as a 

po ten tia l mechanism fo r  recurrence at the turn o f the century 

by Ryal 1 ^ ’ 175) ancj May0(176)^ s-jnce then there has been 

numerous case reports of colorectal cancer deposits on raw 

surfaces such as haemorrhoidectomy wounds, anal f issures and 

f is tu la e ,  s ites  o f circumanal purse-string sutures or excision 

o f benign mucosal lesions of the bowel (177-181)^

C lin ica l Evidence

The e a r ly  evidence in support o f  im p la n ta t io n  m etastas is  

la rg e ly  re l ie d  on cl inicopathological studies o f patients who 

developed local recurrence. Wheelock et a l . ,  (*®2) f 0n 0Wed 

90 patients who had undergone curative resections fo r  recta l 

or sigmoid cancers by sigmoidoscopy. Ten cases o f tumour 

recurrence at the suture- line  were detected. In e ight o f 

these patients  the primary tumour was Dukes A and in nine the 

d is ta l  resection margins were at least 3.5 cm from the lower 

border o f  the tumour. The authors suggested th a t  

im p la n ta t io n  was a more l i k e l y  exp lana t ion  fo r  these 

recurrences than incomplete re s e c t io n .  Lofgren and h is  

colleagues (*83) reported a study o f 108 patients with local 

recurrence  fo l lo w in g  a n te r io r  re s e c t io n .  In 76 o f  the 

specimens they could f ind  no evidence o f incomplete resection, 

lymphatic or vascular permeation to explain the recurrence and 

postulated tha t implantation was the responsible mechanism in
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these cases. As the number o f reports on the po ten tia l r is k  of 

im p la n ta t io n  o f  cancer c e l ls  grew, i t  became e s ta b l ish e d  

practice in some centres to iso la te  the tumour bearing segment 

o f bowel with tapes and/or to i r r ig a te  the bowel lumen with 

various cyto tox ic  agents. The introduction o f these measures 

to k i l l  or prevent the dissemination o f ex fo lia ted  cancer 

c e l l s  re s u lte d  in a reduc tion  in the inc idence o f  lo c a l 

recurrence, thus providing more compelling evidence fo r  the 

v a l i d i t y  o f  the im p la n ta t io n  concept. G o ligher 

reported  fo u r  lo c a l recurrences a f t e r  35 op e ra t ions  fo r  

c o lo re c ta l  cancer where no washouts were used. In 102 

operations where he used mercury b ich loride washouts only two 

patients developed local recurrence. Keynes (185) pubTished 

the experience o f St Mark's Hospital w ith mercury b ich lo r ide  

washouts in  a n te r io r  re s e c t io n .  The inc idence o f  lo c a l 

recurrence was reduced from 13% to 2.6% by the adoption o f 

t h is  p o l ic y .  The experience o f  Southwick e t a l . ,  from 

Chicago was very s im i la r  (1®®). This group o f  authors 

adopted a po licy  o f iso la t in g  the tumour bearing segment o f 

bowel with occlusive tapes before mobilisation and i r r ig a t in g  

the bowel lumen w ith  0.25% sodium hyp och lo r ide . These 

measures completely prevented suture l in e  recurrence in a 

series o f 101 patients with a minimum one year fo llow-up, 

compared with a 16% incidence o f local recurrence in th e i r  own 

h is to r ic a l  series (*®7)
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Experimental evidence

Numerous experimental studies using a va r ie ty  o f malignant 

c e l l  l ines have revealed that tumour c e l ls  are capable o f 

implanting themselves and causing tumour growth at a suture 

l in e  in the large bowel (188-192)  ̂ however Rosenberg in 1978 

published work questioning the v ia b i l i t y  o f the exfo lia ted  

c e l ls  in patients with colorectal cancer, thus casting doubt 

on the v a l id i t y  o f the implantation metastasis theory 

He compared the v ia b i l i t y  of colorectal cancer c e l ls  prepared 

from homogenate suspensions o f primary tumours in patients to 

tha t o f the ex fo lia ted  cancer ce l ls .  Exfoliated c e l ls  were 

obtained by pre-operative colonic lavage ( in  vivo) or from the 

resected specimens (ex v ivo). Homogenate suspensions were 

prepared from the middle o f the resected tumour specimen. 

V ia b i l i t y  was assessed by the demonstration o f non-specific  

esterase a c t iv i t y ,  trypan blue exclusion, t r i t i a t e d  thymidine 

uptake and growth potentia l in tissue cu ltu re . A l l  o f the 37 

in vivo and ex vivo lavage specimens were shown to contain 

tumour c e l ls  on smears. None o f the ce l ls  in these samples 

however revealed any evidence of being a l ive  in any o f the 

v ia b i l i t y  assays. In contrast, well over h a lf  o f the c e l ls  

obtained from the tumour homogenates were demonstrated to be 

v iab le (23 out o f 25 capable o f excluding trypan blue, 6 out 

o f 10 with esterase a c t iv i t y ,  8 out o f 12 showing uptake o f 

rad io labe lled  thymidine and 7 out o f 16 growing in c u l tu re ) .
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Rosenberg was subsequently able to reproduce these resu lts  

using a dimethyl hydrazine induced ra t colonic carcinoma model 

(194) Exfoliated ce lls  from these experimentally induced 

tumours were found to be non-viable whereas ce l ls  from tumour 

homogenates produced im p la n ta t io n  metastases in  syngeneic 

animals. In the l ig h t  o f the evidence contrad ic ting the 

implantation metastasis theory, Rosenberg reviewed 16 well 

documented cases o f anastomotic recurrence th a t  occurred 

between 1955 and 1973 in Leeds, from G o l ig h e r 's  personal 

series. In 14 of these cases he was able to a t t r ib u te  the 

recurrence to incomplete resection. One was found to be a 

second pr im ary  tumour which l e f t  on ly one case o f  lo c a l 

recurrence fo r  which he was unable to provide an a lte rna t ive  

explanation other than implantation metastasis.

In 1984 Umpleby e t a l . ,  published work th a t  c o n tra d ic te d  

Rosenberg's find ings and renewed the in te res t in implantation 

metastasis (195)  ̂ They obtained ex fo lia ted co lorecta l cancer 

c e l ls  by pre-operative lavage o f patients with carcinoma and 

by the i r r ig a t io n  o f the resection margins o f tumour bearing 

specimens. Assessed by morphology and by th e i r  a b i l i t y  to 

exclude trypan blue and hydrolyse fluo resce in /d i acetate, they 

demonstrated tha t 52 o f the 74 specimens examined contained 

v iab le tumour ce l ls  (74% of lavage specimens and 69% o f those 

from re s e c t io n  m arg ins). The same group o f  authors
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subsequently investigated the p ro l i fe ra t iv e  and metastatic 

capacity o f ex fo lia ted  human colorectal cancer c e l ls  (196) 

They found th a t  s ix  out o f  17 c e l l  suspensions in je c te d  

intravenously in to  nude mice as xenografts resulted in tumour 

growth. More re c e n t ly  Skipper e t a l . ,  from Southampton 

harvested c e l ls  from washings o f  c o lo re c ta l  tumours in 

patients and succeeded in growing them in ce ll  cu ltu re  (197)#

In summary, there is considerable evidence tha t malignant 

c e l ls  are desquamated from primary tumours in to  the lumen o f 

the large bowel in patients. I t  has been shown tha t these 

c e l ls  are v iab le  and are capable of implantation in to  exposed 

sub-mucosal, muscular or serosal surfaces and they have the 

p o te n t ia l  to  p r o l i f e r a t e  and cause lo ca l tumour growth. 

Further studies are required to determine the exact ro le  o f 

t h is  mechanism in the development o f  lo ca l recurrence 

fo llow ing colorecta l cancer surgery in man.

5 .3 .3  METACHRONOUS CARCINOGENESIS

Around a quarter o f the local recurrences occur more than two 

years a f t e r  pr im ary re se c t io n  fo r  la rg e  bowel cancer 

(1 3 6 ,1 3 8 )  N e i th e r  inadeq ua te  tum our c le a ra n c e  nor 

implantation metastasis seem plausible mechanisms to explain 

these la te  recurrences. Metachronous carcinogenesis has been 

suggested as an a l te r n a t iv e  e xp la n a t io n . L i t t l e  d i r e c t
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evidence ex is ts  to incrim inate metachronous carcinogenesis in 

the development o f local recurrence. Nevertheless certa in 

established c lin ico -pa tho log ica l facts regarding large bowel 

cancer in man and a number o f experimental observations lend 

support to the concept.

C lin ica l Evidence

E p i th e l ia l  neop las ia  o f the la rge  bowel is  a m u lt i fo c a l  

disease. Adenomas are m ult ip le  in around a th i rd  o f the 

patients at the time of diagnosis (198,199) ancj synchronous 

carcinomas are present in 2-3% of patients at the time o f 

presentation (198,200)  ̂ p0n 0W-jng the resection o f one large 

bowel cancer, 1-2% of patients w i l l  develop a metachronous 

cancer (1 9 8 ,2 0 0 )  ̂ Moreover, the presence o f  synchronous 

adenomas at the time of resection fo r  carcinoma doubles the 

r i s k  o f  deve lop ing metachronous cancer (281). The w ell 

recognised malignant predisposition in patients with fa m il ia l  

polyposis c o l i  (1^8) an(j u lcera tive  c o l i t i s  (202,203) a-|so 

supports the concept o f  an unstab le  e p ith e l iu m . In 1951 

Goligher, Dukes and Bussey (1®2) reported 15 patients with 

unexpected local recurrences fo llow ing surgery fo r  colorecta l 

cancer and commented tha t a second primary tumour developing 

in the region o f the anastomosis may have been responsible fo r  

some o f these recurrences.
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Experimental evidence

Consistent with the concept of altered b io log ica l properties 

at anastomotic s ites  is the demonstration o f abnormal mucus 

production around colonic tumours. F i l ip e  demonstrated tha t 

an increase in sialomucins at the expense o f the normally 

predominant sulphomucins is  associated w ith  premalignant 

change in  the bowel (204). j ^ e abnormal mucin p a tte rn  

extends fo r  a considerable distance from the tumour edge in to  

m o rp h o lo g ic a l ly  normal mucosa and reaches the re se c t io n  

margins in 15% of the resected specimens (205,206) _ y ^  

a lte ra t io n  in mucus production has also been shown to occur in 

carcinogen induced experimental tumours (207,208)  

u n c le a r  w he the r these  changes are p r im a ry  even ts  in  

ca rc inogenes is  o r simply epiphenomena. They have been 

reported in inflammatory conditions (209) ancj af y er  simple by

pass procedures in experimental models (210) suggesting tha t 

they may on ly  be markers o f  h yp e rp la s ia . Of c l i n i c a l  

in te r e s t  however is  the increased inc idence o f  tumour 

recurrence when the sialomucin dominant pattern in the bowel 

mucosa extends in to  resection margins (211,212) Habib et 

a l . ,  showed a s ig n i f i c a n t l y  increased inc idence o f lo c a l 

recurrence and reduced survival associated with sialomucins at 

resection margin in a prospective study o f 250 patients (213)
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Animal studies using chemical carcinogens have cons is ten tly  

shown an increased y ie ld  of bowel tumours at the s i te  o f an 

anastomosis. Using azoxymethane in a ra t model Williamson 

and his colleagues (214) f rom B ris to l demonstrated tha t large 

bowel shows l im ited  p ro l i fe ra t iv e  or hyperplastic response to 

p a r t ia l  resection and th is  does not render i t  more susceptible 

to carcinogenesis except in the region o f suture l in e s .  The 

same phenomenon has been shown at s ites o f other anastomoses 

(215-217) or mere]y  the placement of a suture in to  the bowel 

wall (218) ancj a-|so d if fe re n t carcinogens (219-220)

In summary, e p i t h e l ia l  neoplasia o f  the la rg e  bowel is  a 

m u lt i- foca l disease and patients with resected bowel cancers 

remain at a higher r is k  to develop fu r th e r tumours. Some 

in d ire c t  c l in ic a l  and experimental evidence suggests tha t the 

s i te  o f an anastomosis may be more susceptible to metachronous 

carcinogenesis compared to the remainder o f the bowel. This 

mechanism may be responsible fo r  some o f the local recurrences 

seen in patients following "curative" surgery fo r  co lorecta l 

cancer.
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CHAPTER 6

ANASTOMOTIC TECHNIQUES AND RECURRENCE OF COLORECTAL CANCER
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6 .1  BACKGROUND

The s a fe ty  o f  s tap led re s to ra t iv e  re sec t ion s  fo r  re c ta l  

carcinoma has recently been questioned. The contention tha t the 

use o f c i rc u la r  staplers resu lts  in an increased incidence o f 

local recurrence was derived from several retrospective reviews 

published in the early 1980s. Hurst and his colleagues reported 

11 recurrences among 34 p a t ie n ts  (32%) who had s tap led  

anastomoses fo llowing an te rio r resection fo r  carcinoma o f the 

lower and mid r e c tu m ^ * ) .  A ll operations in th is  series were 

p o te n t ia l ly  curative, however 10 o f the 11 recurrences occured 

a f te r  resection o f lo c a l ly  advanced tumours and the authors 

suggested th a t  the use o f  s ta p l in g  ins trum ents  f o r  low 

c o lo re c ta l  anastomoses be reserved fo r  e a r l i e r  tumours. 

Anderberg et al reported resu lts  on 38 patients with rec ta l 

cancer who had an ter io r resections and stapled anastomoses 

(222). lo ca l recurrences (24%) were detected in  the

follow-up o f these patients. Reid et a l ( ^ )  in another series 

observed e ight pe lv ic  recurrences in 27 patients (30%) when 

a n te r io r  re se c t io n  was fo llow ed by a s tap led  anastomosis. 

Bisgaard et a l ( ^ )  also reported 35 patients who had undergone 

an te r io r resection and stapled anastomosis fo r  recta l cancer, 

o f whom seven developed local recurrence.

In c o n tra s t  w ith  these observa tions , o the r in v e s t ig a to rs  

examining the influence o f anastomotic technique on the outcome 

o f  c o lo re c ta l  cancer fa i le d  to  i d e n t i f y  an adverse e f f e c t
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associa ted w ith  s ta p l in g .  Ohman and Svenberg repo rted  20 

patients with stapled recta l anastomosis who did not develop 

local recurrence a f te r  a follow-up period ranging from 4-40 

m o n t h s ^ ^ ) .  Subsequently Ohman reported a review  on 96 

patients with co lorecta l cancer, where the crude surviva l rate 

a f t e r  a th ree  year mean fo l lo w -u p  was 76% fo r  those w ith  

s tap led  re c o n s tru c t io n s  and 53% fo r  those who had sutured 

anastom oses^^). More recently Kennedy et a l ^ ^ ) . ,  reported 

an overa ll recurrence rate (regional and d is tan t)  o f 36% a f te r  

a mean fo l lo w -u p  o f  44 months in  63 p a t ie n ts  w ith  s tap led  

co lorecta l anastomoses. These authors add that the resu lts  

compare favo u ra b ly  w ith  the recurrence ra te  p r io r  to  the 

in troduction  o f s tap ling techniques in th e ir  u n it .  The f i r s t  

study comparing s u tu r in g  and s ta p l in g  techniques in  a 

consecutive  p a t ie n t  se r ie s  was published by Rosen and h is  

c o l le a g u e s (228)  ̂ j n re p0 r t  fo l lo w -u p  r e s u l ts  on 119

patients  operated on by a single surgeon were reviewed. 76 

patients had stapled and 43 had sutured anastomoses. The choice 

o f anastomotic technique was l e f t  to the d iscre t ion  o f the 

surgeon and was influenced by technical f e a s ib i l i t y .  Fourteen 

p a t ie n ts  were excluded from an a lys is  before com pleting 24 

months follow-up due to death with d is tan t metastases (no local 

recurrence) or death with no evidence o f tumour and 11 patients 

were lo s t  to fo llow-up. Of the remaining patients, 22 developed 

local tumour recurrence. 16 o f these were in the stapled group 

and 6 were in the sutured group. Disease-free surv iva l at 24
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months was 55.3% fo r  patients with stapled anastomoses and 

69.8% fo r  those with sutured anastomoses. The resu lts  were 

analysed in  th ree  ca tego ries  according to  the s i t e  o f  the 

tumour; lower, middle and upper rectum. The advantage observed 

fo r  sutured patients was confined to those with tumours located 

in the middle rectum. The authors concluded that the l i k e ly  

explanation fo r  the observed d ifference was patient se lection. 

Wolmark et al reported another review assessing the e f fe c t  o f 

s t a p l i n g  te c h n iq u e s  on tum our re c u r re n c e  and p a t i e n t  

surv iva l (^3) They reviewed 1,292 patients with co lorecta l 

cancer who were included in the National Surgical Adjuvant 

Breast and Bowel P ro je c t in  Pennsylvania, o f whom 337 had 

stapled and 955 had sutured anastomoses. No d ifference was 

observed between the sutured and stapled patients with regard 

to su rv iva l,  disease-free survival or local recurrence.

The po ten tia l influence o f stap ling techniques on the long-term 

outcome o f  p a t ie n ts  w ith  c o lo re c ta l  cancer has not been 

examined by p rospective  c o n t ro l le d  s tu d ie s .  Furthermore, 

previous studies, as discussed above, have often been based on 

small pa tien t series and have produced c o n f l ic t in g  re su lts .  

Th is study was undertaken in  an attempt to  b r in g  some 

c la r i f i c a t io n  to th is  controversial issue. The aim o f the 

study was to  determine the r e la t i v e  frequency o f  tumour 

recurrence  and d ise ase - free  s u rv iv a l  ra tes  in  p a t ie n ts  

undergoing sutured and stapled anastomoses a f te r  resections fo r  

co lo recta l cancer.
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6 .2  PATIENTS AND METHODS

A l l  p a t ie n ts  in t h is  study have been sub jects  o f  the 

prospective con tro lled  t r i a l  comparing manual suturing and 

s u rg ic a l  s ta p l in g  techniques reported in  "Section I " .  463 

consecutive patients underwent surgery fo r  colorectal cancer 

between A p r i l  1985 and A p r i l  1989, under the care o f  13 

surgeons in f iv e  hospitals in Scotland. On 33 occasions i t  was 

c o n s id e re d  in a p p r o p r ia te  to  randomise the  a n a s to m o t ic  

technique, leaving 430 patients who were randomly assigned to 

re ce ive  e i t h e r  sutured or s tap led anastomoses fo l lo w in g  

resection. 96 o f these resections (22.3%) were p a l l ia t iv e ,  

which were excluded from fu r the r analysis. Of the 334 patients 

who had p o te n t ia l ly  curative resections, 12 (3.6%) died w ith in  

30 days o f surgery and follow-up data was incomplete on 28 

(8.4%) pa tien ts . The remaining 294 patients constitu te  the 

study group.

Sutured co lo -c o l ic  and co lo -recta l anastomoses were carried out 

using a s ing le  layer o f interrupted 2/0 polyamide (Nurolon, 

Ethicon L td .,  Edinburgh, Scotland) suture m ateria l. I le o -c o l ic  

anastomoses were performed e ith e r in the same fashion or in two 

layers using an inner layer o f continuous 2/0 po lyg lyo l ic  acid 

(Dexon Plus, Davis & Geek, Gosport, Hampshire, England) and an 

outer layer o f 2/0 polyamide. A ll  stapled anastomoses were 

performed w ith the TA, GIA or EEA series surgical s tap ling 

instruments (Auto Suture Company UK, Ascot, England).
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The TNM c la s s i f ic a t io n ,  as adopted by the International Union 

Aga ins t Cancer (UICC) and the American J o in t  Committee on 

Cancer (AJCC) was used fo r  tumour s tag ing  (2 2 9 )  ̂ w^ ich  is  

summarised below:

Primary Tumour (T)

TX Primary tumour cannot be assessd
TO No evidence o f primary tumour
Tis Carcinoma in s itu
T1 Tumour invades submucosa
T2 Tumour invades muscularis propria
T3 Tumour invades through the muscularis propria in to

the subserosa or in to  p e r ic o l ic  or pe rirec ta l tissues. 
T4 Tumour perforates the viscera l peritoneum or d i re c t ly  

involves other organs or structures.

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessd
NO No regional lymph node metastasis
N1 Metastasis in 1 to 3 p e r ic o l ic  or pe rirec ta l lymph nodes
N2 Metastasis in 4 or more p e r ic o l ic  or pe rirec ta l lymph

nodes
N3 Metastasis in any lymph node along the course o f a named

vascular trunk

D is ta n t M etastasis (M)

MX Presence of d is tan t metastasis cannot be assessed
MO No d is ta n t metastasis
Ml D istant metastasis
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Staging was done a f te r  surgical exploration of the abdomen and 

pathological examination o f the resected specimens. The stage 

groupings used (the corresponding Dukes stages are given in

brackets) were as fo llows:

Stage 0 Tis NO MO
Stage I T1,T2 NO MO - (Dukes A)
Stage I I T3,T4 NO MO - (Dukes B)
Stage I I I Any T N1,N2,N3 MO - (Dukes C)
Stage IV Any T Any N Ml

Curative surgery was defined as removal o f a l l macroscopical1

ev id e n t disease a t the time o f  surgery w ith  tumour f re e

resection margins on h is to log ica l examination. Two pa tien ts ,

both with stapled anastomoses, who had excision o f s o l i ta ry  

l i v e r  metastases at the time o f resection o f the primary tumour 

were considered as having had a curative operation. Deaths 

occu ring  w i th in  30 days o f  the s u rg ica l procedure were

considered as operative m o rta l i ty .  Local recurrence was defined 

as c l in ic a l ,  h is to log ica l or post-mortem evidence o f recurrent 

carcinoma at or in the region o f the anastomosis. Patients 

developing tumour spread to other intra-abdominal s i te s ,  lung, 

l i v e r ,  bones e tc . ,  during follow-up were c la s s if ie d  as d is ta n t 

recurrences. Disease free in te rva l and survival was measured

from the time o f resection. The estimation o f the cumulative 

p ro b a b i l i ty  o f recurrence and cancer spec if ic  m o rta l i ty  rates
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were performed by the l i f e  table method o f Kaplan and Meier

(230)  ̂ comparison of recurrence and cancer spec if ic  m o rta l i ty  

rates between the sutured and stapled groups was done by log 

rank te s t .  Cox's proportional hazards regression model was 

used fo r  m u lt iva r ia te  adjustment fo r  the influence o f co-

v a r ia te s  on recurrence and m o r ta l i t y  ra tes  s im u ltaneous ly

(231).
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6 .3  RESULTS

The study population consisted of 142 patients with sutured and 

152 patients with stapled anastomoses. Patient cha rac te r is t ics  

fo r  the sutured and stapled groups are outlined in Table 6.1 . 

Table 6.1

PATIENT CHARACTERISTICS 
(Mean values + Standard Deviation)

SUTURES 
(n= 142)

STAPLES 
(n= 152)

Age 69.6 ± 11.3 68.7 ± 11.3
Sex (male/female) 69/73 69/83
Weight (kg) 62.5 ± 12.7 63.7 ± 10.8
Height (cm) 165.2 ± 10.2 164.9 ± 8.3
Haemoglobin (g /d l) 12.7 ± 2.1 12.8 ± 2.0

WBC (x 109/1 ) 8.4 ± 2.9 8.4 ± 2.6

Albumin (g/1) 37.7 ± 5.1 38.5 ± 4.6
Operating time (min) 119.8 + 40.9 103.3 ± 41.6

F o r t y - f iv e  p a t ie n ts  in  the sutured group (31.7%) and 48 

patients in the stapled group (31.6%) received peri-opera tive  

blood transfusions (during the same admission when surgical 

resection was performed). 109 o f the patients had res to ra t ive  

recta l excisions fo r  carcinoma o f the rectum or recto-sigmoid. 

112 patients had r ig h t  hemicolectomy and i le o -c o l ic  anastomosis 

fo r  r ig h t  sided colonic tumours. The remaining 72 patients had 

segmental bowel resections and co lo -co lic  anastomoses.
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The d is t r ib u t io n  o f anastomotic s ites in the two groups is 

shown in Table 6.2 .

Table 6.2

ANASTOMOTIC SITE

ANASTOMOSES
SUTURES 
(n* 142)

STAPLES 
(n= 152)

Colorectal 52 57
Colocolic 39 34
I le o c o l ic 51 61

The stage and grade o f the tumours fo r  the patients 

groups are ou tlined in Table 6.3 .

Table 6.3

TUMOUR STAGE & GRADE

in the two

SUTURES STAPLES
(n= 142) (n= 152)

TUMOUR STAGE
Stage I 15 20
Stage I I 76 88
Stage I I I 51 42
Stage IV 0 2

TUMOUR GRADE
GX Cannot be assessed 5 6
G1 Well d i f fe re n t ia te d 8 23
G2 Moderately d i f fe re n t ia te d 101 105

G3/G4 Poorly d if fe re n t ia te d 28 18
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Follow-up fo r  the patients ranged between 11-54 months. The 

median follow-up was 21.0 months in the sutured group and 21.2 

months in the stapled group.

The cumulative p ro b a b il i ty  o f tumour recurrence is  i l lu s t ra te d  

in Figure 6.1, expressed as the proportion o f recurrence free 

patients p lo tted  against time during the follow-up period. The 

inc idence  o f  tumour recurrence in p a t ie n ts  w ith  sutured 

anastomoses was s ig n i f i c a n t l y  h igher than fo r  those w ith  

stapled anastomoses (p< 0.05). 29.4% o f the patients in the

sutured group had recurrence diagnosed by the end o f the second 

post-operative year (SEM: 4.4%), compared with 19.1% in the 

stapled group (SEM: 3.9%).

Figure 6.2 i l lu s t ra te s  the cumulative p ro b a b i l i ty  o f cancer 

sp e c if ic  death in the two groups. Higher incidence o f tumour 

re c u r re n c e  in  the  su tu re d  group was p a r a l l e l e d  by a 

s ig n i f ic a n t ly  higher cancer spec if ic  m o rta l i ty  (p< 0.01). By 

the end o f  24 months, 22.3% o f  the p a t ie n ts  w ith  sutured 

anastomoses had died as a resu lt  o f cancer (SEM: 4.1%) compared 

with 10.9% in the stapled group (SEM: 3.0%).
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Table 6.4 shows the number and s i te  of recurrences in each 

group d i f f e r e n t i a l l y  fo r  tumour stage.

Table 6.4

NUMBER AND SITE OF RECURRENCES IN SUTURED AND STAPLED

GROUPS TABULATED BY TUMOUR STAGE

RECURRENT TUMOUR

Local + A l l
Local Distant Distant recurrences

SUTURED GROUP
Stage I (n= 15) 2 0 0 2
Stage I I  (n= 76) 7 7 4 18
Stage I I I  (n= 51) 7 8 2 17
TOTAL (n=142) 16 15 6 37

STAPLED GROUP
Stage I (n= 20) 0 0 1 1
Stage I I  (n= 88) 6 6 2 14
Stage I I I  (n= 42) 4 1 5 10
Stage IV (n= 2) 1 0 0 1
TOTAL (n=152) 11 7 8 26

In order to ide n t i fy  and adjust fo r  the influence o f  a l l  the 

c o -v a r ia te s  th a t  were associated w i th  the outcome, Cox's 

regression analysis was used. The e f fec t  of age, sex, pre

operative haemoglobin and serum albumin levels , anastomotic 

s i t e ,  blood t ra n s fu s io n ,  tumour stage, tumour grade and 

anastomotic technique were examined in re la t ion  to outcome. In 

u n i v a r ia t e  a n a lys is ,  on ly  tumour stage and anastomot ic
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technique were seen to be s i g n i f i c a n t l y  associated w i th  

recurrence (Table 6.5).  Male sex was also associated with a 

h igher  inc idence o f  recurrence, which had a b o rde r l ine  

s ignif icance in un ivariate analysis. The dif ference between 

sutured and s tap led groups in terms o f  recurrence ra te  

remained s t a t i s t i c a l l y  s ign i f ican t  (p< 0.05) a f te r  correct ing 

fo r  tumour stage in the mult ip le regression model (Table 6 .6 ).

Table 6.5

RELATIONSHIP BETWEEN PERI-OPERATIVE VARIABLES AND CANCER 
RECURRENCE - UNIVARIATE ANALYSIS

Variables H pH

Age 0.30
Sex 0.053
Stage 0.001

Grade 0.07
Haemoglobin 0.53

Albumin 0.88

Tranfusion 0.97

Anastomotic technique 0.027

Anastomotic s i te , 0.44
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T a b le  6 .6

ASSOCIATION BETWEEN TUMOUR RECURRENCE AND PERI-OPERATIVE 
VARIABLES - COX REGRESSION ANALYSIS

Variables Regression
coe f f ic ien t

Standard
error ■•pH

Age 0.60
Sex 0.051
Stage 0.683 0.218 0.001

Grade 0.38
Haemoglobin 0.75

Albumin 0.53

Tranfusion 0.93
Anastomotic technique - 0.546 0.263 0.035
Anastomotic s i te 0.71

The " r e l a t i v e  hazard" o f  recurrence ( in  the s tap led  group 

r e l a t i v e  to  the sutured group) was 0.58 (95% confidence 

i n t e r v a l s :  0.35 - 0 .97 ) .  In o ther  words the re  was a 42% 

reduction in the incidence of tumour recurrence associated with 

the use of  s tap l ing instruments (95% confidence in te rva ls :  3% - 

65%).
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U n iv a r ia te  ana lys is  w i th  regard to disease f ree  s u rv iv a l  

revealed that tumour stage, grade, anastomotic technique and 

pat ients '  gender had s t a t i s t i c a l l y  s i g n i f i c a n t  assoc ia t ions  

with cancer spec i f ic  morta l i ty  (Table 6.7). In the mult ip le  

regress ion model, sex and tumour grade no longer  remained 

s i g n i f i c a n t  independent p re d ic to rs  o f  poorer disease f ree  

surv iva l .  However the s ig n i f ic a n t ly  higher cancer spec i f ic  

m o r t a l i t y  f o r  p a t ie n ts  w i th  sutured anastomoses remained 

unaltered a f te r  correct ing fo r  tumour stage (Table 6 .8 ).

Table 6.7

RELATIONSHIP BETWEEN PERI-OPERATIVE VARIABLES AND CANCER 
SPECIFIC MORTALITY - UNIVARIATE ANALYSIS

Variables "pH

Age 0.06
Sex 0.04
Stage 0.0001

Grade 0.04
Haemoglobin 0.47
Albumin 0.63
Tranfusion 0.89

Anastomotic technique 0.01

Anastomotic s i te 0.46
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T a b le  6 .8

ASSOCIATION BETWEEN CANCER SPECIFIC MORTALITY AND PERI
OPERATIVE VARIABLES - COX REGRESSION ANALYSIS

Variables Regression
coe f f ic ien t

Standard
error Hpu

Age 0.18
Sex 0.06
Stage 0.952 0.249 0.0001

Grade 0.34
Haemoglobin 0.73
Albumin 0.59

Tranfusion 0.72
Anastomotic technique - 0.695 0.294 0.015
Anastomotic s i te 0.75

The " re la t i v e  hazard" of  cancer spec i f ic  m or ta l i t y  (stapled 

versus sutured) was 0.5 (95% confidence in te rva ls :  0.28-0.89); 

i . e .  the cancer spec i f ic  morta l i ty  in the stapled group was 

50% “ o f  tha t  in the sutured group (95% confidence in te rva ls :  

11% - 72%).
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6.4 DISCUSSION

This study has demonstrated a s ign i f ican t  reduction in the

incidence of  tumour recurrence when stapl ing instruments were 

used f o r  anastomot ic  con s t ru c t io n  instead o f  convent ional  

manual suturing techniques in colorectal cancer surgery, which 

has not been reported before. Previous studies investigating 

the in f lu en ce  o f  anastomotic technique on recurrence and 

su rv iv a l  ra tes  have repor ted e i t h e r  no d i f fe re n c e  between 

suturing and s tapl ing (53,226,227) or ^ave shown a p0or outcome 

associated with stapl ing techniques (221-224,228). studies 

report ing high incidences of tumour recurrence in patients 

with stapled anastomoses have assessed the use of  c i r c u la r  

staplers in res to ra t ive  resections fo r  rectal  carcinoma. This 

might suggest that  the increasing use o f  stapl ing instruments 

has r e s u l t e d  in  an i n a p p r o p r i a t e  abandonm ent  o f

abdominoperineal resection in favour of res tora t ive  resections 

in the management of  rectal cancer. Surgical staplers have 

probably acce le ra ted  the ra te  w i th  which sp h in c te r  saving 

procedures were adopted, however the re t rea t  from to ta l  rectal  

excisions towards sphincter saving operations was well underway 

before the in t roduction of  the c i r c u la r  stapl ing instruments. 

This change in the surgical management o f  rectal cancer was

founded on extensive histopathological and c l i n i c a l  evidence

which demonstrated that  restora t ive rectal  excisions were as 

"curat ive" as abdominoperineal r e s e c t i o n ^ *  .
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I t  has been suggested that stapl ing instruments may al low a 

colorectal anastomosis to be performed at a lower level than 

would be p o s s i b l e  by s u t u r i n g  t e c h n iq u e s (® ® > 8 4 , 8 5 )  ̂

Conceivably, the e f f o r t  to perform a low stapled anastomosis in 

such cases might lead to a compromise in the extent of tumour 

clearance. This contention has been expressed as a potentia l  

mechanism by which stapl ing techniques could adversely a f fec t  

recurrence rates in patients with rectal c a n c e r ( ^ ) .

In theory there are mechanisms other than compromised tumour 

c learance,  by which anastomotic technique cou ld have an 

in f lu en ce  on the prognosis o f  c o lo re c ta l  cancer. In t h i s  

con tex t ,  the scraping o f  tumour c e l l s  by the in t r a lu m in a l  

s ta p le r  gun and t h e i r  depos i t ion  at the s i t e  o f  the 

anastomosis^®),  increased intraluminal trauma predisposing to 

the implantat ion of  exfo l iated tumour c e l l s ^ ® ^ ,  or delayed 

mucosal h e a l i n g  o f  s ta p le d  anas tom oses^® ® ) have been 

postulated as potentia l  mechanisms by which stap l ing could have 

an adverse in f lu e n c e .  The exten t  o f  re s e c t io n  f o r  i n t r a -  

peri  toneal large bowel tumours would not be expected to d i f f e r  

when e i t h e r  sutu res or s tap le rs  are used f o r  e s ta b l i s h in g  

recont inu i ty .  Therefore, i f  any of  the above mechanisms have an 

e f fe c t ,  i t  would be expected that the resu l ts  wi th stapled 

reconstruct ions fo l lowing resection of in t ra-per i tonea l  colonic 

tumours would be worse than the resul ts  achieved by suturing. 

Of the re p o r ts  in the l i t e r a t u r e  comparing s ta p l i n g  and
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suturing techniques, the only one that includes colonic ( in t ra -  

p e r i t o n e a l )  tumours is  the p rev ious ly  discussed study by 

Wolmark e t  a l ( ^ ) .  In t h i s  study s u r v i v a l ,  d ise ase - f ree  

su rv iv a l  and recurrence ra tes were very s im i l a r  a f t e r  856 

sutured and 255 stapled colonic anastomoses.

The study presented herein is the only report in the l i t e ra tu re  

where the influence of  anastomotic technique on the outcome of  

c o lo re c ta l  cancer has been stud ied in  randomised p a t ie n t  

groups. In uncontrol led and non-randomised studies, i t  would 

be expected that  anatomic considerations that  encourage the use 

of staplers are also l i k e l y  to be associated with a higher 

r i s k  o f  tumour recurrence. The discordance between the resul ts  

o f  our study and other previous reports (a l l  o f  which were 

retrospective and uncontrol led) could be explained by th is  

"pat ien t  select ion" e f fec t ,  which is l i k e l y  to have biased the 

r e s u l t s  o f  the  p re v io u s  s t u d i e s .  In c o n t r a s t ,  the  

randomisation process used to determine the choice o f  

anastomotic technique in our study should, in theory, have 

resulted in an even d is t r ib u t io n  of a l l  extraneous variables 

between the sutured and stapled groups. As would be anticipated 

from the randomised nature o f  the s tudy,  the sutured and 

stapled groups were well matched in terms o f  the recorded p e r i 

op e ra t ive  v a r ia b le s .  Furthermore, we found t h a t  the on ly  

s ign i f ic a n t  determinants of recurrence or m or ta l i t y  were tumour 

stage and anastomotic technique and the disease free survival
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advantage in favour of the stapled group remained unchanged 

a f te r  correct ing fo r  tumour stage. However i t  is acknowledged 

that the study population represents a sub-group selected from 

a larger cohort of patients and the approach f a l l s  short o f  a 

p rospec t ive  randomised eva lua t ion  o f  s ta p l in g  and suturing 

techniques in re la t ion  to the outcome of colorectal cancer. I t  

is therefore not possible to ru le out a "patient select ion" 

bias that may have operated in favour of the stapled group in 

the study.

Anastomotic m a te r ia ls  have been im p l ica ted  as a p o te n t ia l  

influence on local tumour recurrence in animal models. P h i l l ip s  

and Cook examined anastomotic tumour growth in rats which were 

given dimethyl hydrazine to induce tumours two months a f te r  

suturing the bowel with various suture materials (23^) j ^ e 

highest incidence of  anastomotic tumours was associated with 

monofi lament s tee l  w ire sutures.  These r e s u l t s  do not 

n e c e s s a r i ly  imply th a t  s ta in le s s  s tee l  is  a more po tent  

promoter o f  tumours. They might re f le c t  the pers is t ing local 

p r o l i f e r a t i v e  i n s t a b i l i t y  ( 233) ,  due to  more prolonged 

re tent ion o f  steel wires at the anastomosis compared with other 

suture mater ia ls. This i n s t a b i l i t y  may act as a promoter during 

the i n i t i a t i o n  phase o f  carcinogenesis. McGregor ( 23®) found 

that  stain less steel was associated with s ig n i f i c a n t l y  fewer 

tumours compared with polyamide or po lyg lyco l ic  acid when the 

carcinogen in jec t ion  preceded suture implantation in an animal
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model. Calderisi  and Freeman also reported an experimental 

study where the carcinogen a d m in is t ra t io n  preceded caecal 

inser t ion  of  one of six d i f fe re n t  types of suture materials in 

a ra t  model (237) f oun(j that slowly absorbed or non

absorbable suture materials promote tumour induction lo c a l ly  at 

the s i t e  o f  suture i n s e r t i o n  and m u l t i f i 1 ament s tee l  w i re  

sutures were associated with the highest number of tumours. One 

should be wary o f  drawing c l i n i c a l  conclusions from these 

s tu d ie s .  In man c o lo re c ta l  carc inogenesis  is  a very slow 

process and i t  is general ly agreed that i f  metachronous tumours 

develop at the s i te  of  an anastomosis, they do so many months 

a f te r  surgery (173) There is no evidence in the l i t e r a tu r e  to 

suggest that in the c l in i c a l  set t ing anastomotic materials w i l l  

be associated with metachronous carcinogenesis. On the other 

hand some experimental evidence suggests that suture materials 

may have a ro le  in the implantat ion of tumour ce l ls  at an 

anastomosis. O'Dwyer et a l ( ^ ® J ,  in an i n - v i t r o  assay 

demonstrated that tumour ce l ls  adhere d i f f e r e n t i a l l y  to various 

su tu re  m a te r ia ls .  McGregor et  a l (2 3 9 )  ̂ sh0wed th a t  t h i s  

adherence was s i g n i f i c a n t l y  g r e a t e r  to  po lyam ide  o r  

po lyg lyco l ic  acid than to stain less stee l .  Furthermore, in an 

animal model stainless steel was shown to entrap and t rans fe r  

s ig n i f i c a n t l y  fewer intraluminal tumour ce l ls  compared with 

braided suture materia ls(239).

153



A l l  sutured anastomoses were construc ted using braided 

polyamide and/or po lyg lyco l ic  acid in our patients. D i f fe r ing  

propert ies of  stainless steel and braided suture materials with 

respect to tumour ce l l  entrapment or adherence may, at least  in 

part ,  have been responsible the poorer results observed in 

patients with sutured anastomoses in our study.

In conclusion, our resul ts  suggest that the use o f  stapl ing 

instruments in colorectal cancer surgery could be associated 

w i th  a reduc t ion  in the inc idence o f  loca l  recurrence and 

cancer spec i f ic  m or ta l i ty ,  by as much as 50%. The mechanisms 

leading to th is  reduction in th is  study remain unclear, however 

i f  confirmed by other studies, these observations are l i k e l y  to 

have important  c l i n i c a l  im p l i c a t io n s .  Fur ther  s tud ies  are 

required to c l a r i f y  the ro le o f  anastomotic techniques and 

materia ls on the long-term outcome of  patients with colorecta l 

cancer.
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CHAPTER 7

ANASTOMOTIC LEAKS AND RECURRENCE OF COLORECTAL CANCER

155



7.1 INTRODUCTION AND AIMS

Anastomotic dehiscence is a well recognised cause of i n t r a 

abdominal sepsis and opera t ive  m o r t a l i t y  in p a t ie n ts  

undergoing large bowel surgery. In th is  context, the healing 

process in i n t e s t i n a l  anastomoses and var ious  fa c to r s  

a s s o c ia te d  w i t h  a n a s to m o t ic  lea ks  have been s tu d ie d  

e x te n s iv e ly  (8 ,51,54,58,240)  However there has been no 

publ ished repo r ts  in v e s t ig a t in g  the long- te rm  c l i n i c a l  

consequences of anastomotic dehiscence fo l lowing surgery fo r  

malignant disease. The current study addresses th is  issue. 

The speci f ic  purpose of the investigation was to determine 

whether there is an association between anastomotic leaks and 

tumour recurrence in patients with colorectal cancer.
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7.2 PATIENTS AND METHODS

Patients in th is  study were selected from the database of the 

prospective randomised c l in ic a l  t r i a l  described in Section I .  

The cohort chosen consisted of those patients who have had 

p o t e n t i a l l y  c u ra t iv e  resec t ions  f o r  c o lo re c ta l  cancer, 

fol lowed by a complete assessment of anastomotic in te g r i t y .  

Curative resection was defined as complete removal of a l l  

macroscopicaly evident disease at the time of surgery with 

tumour free resection margins on h is to log ica l  examination. 

In v e s t ig a t io n  o f  anastomotic i n t e g r i t y  was considered as 

complete only when c l in ic a l  assessment was supplemented by 

contrast radiography performed in the early post-operative 

period. Methods of  data co l lec t ion ,  surgical techniques and 

contrast enemas are described in Chapter 2. As detai led in 

Chapter 2, during the t r i a l  period contrast radiography was 

r o u t i n e l y  performed only  in e a s i l y  access ib le  anastomoses 

(namely l e f t  sided co lon ic  and c o lo re c ta l  anastomoses). 

Therefore, no patient with carcinoma o f  the r ig h t  colon was 

included in th is  analysis. A c l in i c a l  leak was defined as an 

anastomotic dehiscence confirmed by re -o p e ra t io n  or post

mortem, appearance of  faecal material from drains, development 

o f  a colo-cutaneous f i s t u la  or development of  systemic sepsis 

associated with p e r i to n i t i s  in the post-operative period. Any 

extravasation of  the radio logical  contrast medium detected on 

rad iography was considered as a r a d io lo g i c a l  leak .  180 

patients f u l f i l l e d  the entry c r i t e r i a  in to  the study, i . e .  a
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curative resection fo r  primary colorectal carcinoma followed 

by c l i n i c a l  and r a d io lo g ic a l  assessment o f  anastomotic 

i n te g r i t y .  Six of these patients died wi th in 30 days of  the 

operation and were excluded from the analysis. A fu r the r  seven 

patients were excluded (none of whom had anastomotic leaks) 

because of  incomplete fol low-up. The remaining 167 patients 

cons t i tu te  the study population.

Staging of  tumours was done a f te r  surgical explorat ion of  the 

abdomen and pa tho log ica l  examination o f  the re sec t ion  

specimens. The TNM c lass i f i c a t io n ,  as described in Chapter 6 , 

was used fo r  s t a g i n g ( ^ ) .  Local recurrence was defined as 

c l i n i c a l ,  h is to log ica l  or post-mortem evidence of  recurrent 

carcinoma at or in the region of  the anastomosis. Tumour 

spread to other intra-abdominal s i tes ,  l i v e r ,  lung, bones etc. 

were considered as "d is tant  recurrences". Survival and disease 

free in te rva ls  were measured from the time of  resection. The 

estimation of cumulative p roba b i l i t ies  of tumour recurrence 

and cancer spec i f ic  m or ta l i ty  in patients with and without 

l e a k s  was done by Kaplan and M e ie r ' s  l i f e - t a b l e  

a n a lys is . (230). y^e incidence of  tumour recurrence and the 

m o r ta l i t y  rates fo r  the patients with and without leaks were 

compared using the log rank t e s t .  The c o r re c t io n  o f  

m o r ta l i ty  and recurrence rates fo r  the d is t r ib u t io n  o f  tumour 

stage in the two groups was done by Cox's proport ional hazards 

regression model (231)^
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7.3 RESULTS

The study population was divided into two groups based on the 

assessment of anastomotic i n te g r i t y .  In 135 patients there 

was no evidence of a c l in i c a l  or a radio logical leak in the 

post-operative period. These patients const i tu ted the "No 

leak" group. Among the remaining 32 patients ("Leak" group), 

contrast enemas revealed a radio logical  leak on 30 occasions 

and 15 p a t ie n ts  developed c l i n i c a l l y  ev ident  anastomotic 

leaks.

Patient character is t ics  fo r  the two groups are outl ined in 

Table 7.1.

TABLE 7.1.

PATIENT CHARACTERISTICS

LEAK
(n= 32)

NO LEAK 
(n= 135)

Age
(Mean + SD)

68.4 ± 10.9 69.2 ± 9.1

Sex
(Male/Female)

18/14 67/68

Anastomotic technique 
(Sutures/Staples)

19/13 59/76

Operating times (mins) 
(Mean + SD)

123.3 ± 40.9 129.0 ± 50.6

Peri -operative blood 
transfusion(%)

47 % 26 %
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Table 7.2 outl ines the stage of tumours fo r  the patients in 

the two groups.

TABLE 7.2

DISTRIBUTION OF TUMOUR STAGE

TUMOUR STAGE
LEAK 

(n= 32)
NO LEAK 

(n= 135)

Stage I 2 ( 6%) 20 (15%)
Stage I I 22 (69%) 77 (57%)
Stage I I I 8 (25%) 38 (28%)

S im i la r ly ,  Table 7.3 demonstrates the d is t r ib u t io n  o f  tumour 

grade between the two groups.

TABLE 7.3

DISTRIBUTION OF TUMOUR GRADE

LEAK NO LEAK
TUMOUR GRADE (n= 32) (n= 135)

GX Cannot be assessed 0 ( 0 % )  6 (
G1 Well d i f fe ren t ia ted  3 ( 9%) 19 (14%)
G2 Moderately d i f fe ren t ia te d  23 (72%) 94 (70%)
G3/G4 Poorly d i f fe ren t ia ted  6 (19%) 16 (12%)
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At the end of a mean fol low-up period of 24.7 months (range: 

10-56 months) tumour recurrence was detected in 40 patients. 

Fif teen of the patients with recurrence were in the "leak" 

group (46.9%) and 25 were in the "no leak" group (18.5%). 

The s i te  o f  recurrences in the groups are shown in Table 7.4.

TABLE 7.4

SITE OF TUMOUR RECURRENCE

RECURRENT TUMOUR
LEAK 

(n= 32)
NO LEAK 
(n= 135)

Local 9 8

Local and d is tant 4 9
Distant 2 8

ALL RECURRENCES 15 25

The l i f e  ta b le  ana lys is  o f  the cumulat ive p r o b a b i l i t y  o f  

tumour recurrence in the two groups is  i l l u s t r a t e d  in 

Figure 7.1. By the end of the 24th post-operative month 49.4% 

(SEM: 9.8%) o f  p a t ie n ts  w i th  leaks developed recurrence ,  

compared with 16.7% (SEM: 3.7%) o f  those in the "no leak" 

group. The incidence of tumour recurrence, assessed by the 

log-rank tes t ,  was s ig n i f ic a n t ly  higher fo r  patients with 

leaks (p< 0 .001).
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A s im i la r  l i f e - t a b le  analysis with regard to cancer spec i f ic  

m o r ta l i t y  in the two groups is i l l u s t ra te d  in Figure 7.2. 

Patients with leaks had a s ig n i f ic a n t l y  higher cancer-specif ic 

m o r ta l i t y  compared with th e i r  counterparts who did not have 

leaks (p< 0.001). By the end of  the second post-operative year 

the proport ion of patients (+ SEM) who had died as a resu l t  of 

cancer was 36.9% (+ 9.7%) in the " lea k "  group and 12.6% 

(+ 3.3%) in the "no leak" group.

There were two patients with Stage I tumours in the "leak" 

group. Neither of  these patients developed tumour recurrence 

and both were a l ive at the time of analysis. In the "no 

leak" group there were 20 patients with Stage I tumours. Two 

o f  these patients had local recurrence detected at 20 and 49 

months post-operative ly  and a th i r d  patient developed l i v e r  

metastases at 33 months. For those patients with Stage I I  and 

I I I  carcinomas, the cumulat ive p r o b a b i l i t y  o f  recurrence 

d i f f e r e n t i a l l y  fo r  tumour stage is  i l l u s t ra te d  in Fig 7.3.

A s im i la r  l i f e  table curve with regard to cancer-specif ic 

m o r t a l i t y  is  i l l u s t r a t e d  in Fig 7.4 .  These two analyses 

demonstrate th a t  the disease free* s u rv iv a l  advantage, in 

favour o f  patients with no leaks, remains unaltered when the 

patients are s t r a t i f i e d  according to tumour stage.
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Cox's regression analysis was used to adjust fo r  the potentia l  

in f lu e n c e  o f  tumour stage on the o ve ra l l  r e s u l t s .  The 

inc idence o f  tumour recurrence and the c a n c e r - s p e c i f i c  

m o r ta l i ty  remained s ig n i f ic a n t ly  higher fo r  patients with 

leaks a f te r  correcting fo r  tumour stage (p= 0.003 and p= 0.001 

resp ec t ive ly ) .

In a separate analysis the re la t ive  association of  c l in i c a l  

and r a d io lo g ic a l  leaks w i th  the outcome was in v e s t ig a te d  

(Table 7.5).

TABLE 7.5

RECURRENCE AFTER CLINICAL OR RADIOLOGICAL LEAKS 
DIFFERENTIALLY

ANASTOMOTIC LEAKS

Radiological C l in ica l  +
RECURRENT TUMOUR only (n= 17) Radiological (n= 15)

Local 4 5
Local and d is tant 2 2

Distant 0 2

None 11 6

There were 15 patients who had c l i n i c a l l y  evident anastomotic 

leaks .  Th i r teen  o f  these p a t ie n ts  had also had a leak 

demonstrated on radiography. Nine recurrences (60%) were 

detected in th is  sub-group. The remaining 17 patients in the
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" leak" group had a leak demonstrated rad io log ica l ly  without 

any evidence of c l i n i c a l l y  evident anastomotic d is rupt ion.  

Six of these patients (35.3%) subsequently developed tumour 

recurrence.
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7.4 DISCUSSION

Th is  s tud y  has dem onstra ted  a p r e v i o u s l y  u n re p o r te d  

association between anastomotic leaks and tumour recurrence in 

p a t ie n ts  undergoing su rg ica l  resec t ion  f o r  c o lo re c ta l  

carcinoma. Higher incidence of tumour recurrence in patients 

who developed p o s t -ope ra t ive  anastomotic leaks was also 

para l le led by a higher cancer speci f ic  m or ta l i ty .  Our f indings 

also suggest that the adverse influence of anastomotic leaks 

on prognosis is independent of tumour stage. However, patients 

with anastomotic leaks are, by d e f in i t io n ,  not comparable to 

those who recover from surgery w i thou t  any anastomotic 

c o m p l ica t ion s .  Other cons idera t ions  th a t  d i c t a t e  a poor 

outcome such as tumour f i x i t y ,  vascu lar  and lymphatic  

invas ion ,  leng thy  and d i f f i c u l t  resec t ions  e tc .  could be 

expected to occur more frequently in the group with leaks. 

Therefore these f ind ings could po ten t ia l ly  be a re f le c t ion  of 

the dif ferences in the two groups of patients being compared. 

On the other hand, one could postulate that  in the presence of 

a post-operative anastomotic leak, ex fo l ia ted in tra-luminal  

tumour ce l ls  gain enhanced and continuing access to pe r ico l ic  

t issues resu l t ing  in a higher incidence o f  local recurrence. 

Current evidence suggests that at the time of  surgery patients 

with colorectal cancer have viable tumour ce l ls  present in the 

bowel lumen and that these ce l ls  are capable o f  implanting 

themselves and causing tumour growth (195-197)  ̂ Ranbarger et 

a l . ,  in 1982 reported a review of 200 patients undergoing
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c u r a t i v e  abdominoperineal resec t ions  f o r  re c ta l  carcinoma 

(241)# i n 49 of these patients, iatrogenic perforat ion of 

the rectum occurred at the time of surgery, resu l t ing  in an 

increase in the incidence of local recurrence from 34% to 57%. 

When Dukes B cancers were taken separately, the recurrence 

rate was 8.1% in patients without surgical in ju ry  and 25.9% in 

those with perforat ion (p= 0.01). Slanetz from New York 

reported 174 curat ive resections fo r  colorectal cancer during 

which disruption of  the bowel wall occurred (242)  ̂ j n g7 0f  

these patients the cancer i t s e l f  was inadvertent ly perforated, 

whi le in the remainder the in ju ry  to the bowel wall occurred 

some d is tance  away from the tumour but s t i l l  w i t h i n  the 

resection specimen. The overal l  f ive  year survival in these 

174 patients was 29%. The 67 occasions where the tumours 

were disrupted at the time of  surgery were associated with 

f i v e  year survival rates of  14% in the colon and 9.3% in the 

rectum. The incidence of local recurrence in the event of  

tumour d isruption was 65%. Neither th is  report by Slanetz, 

nor the study by Ranberger et a l ., is d i re c t l y  comparable to 

our study. The fac to r  associated with a poor outcome in 

these studies was in tra-operat ive tumour perforat ion whereas 

we inves t iga ted  the in f lu e nce  o f  immediate p o s t -o p e ra t iv e  

anastomotic leaks. Nevertheless these observations lend 

support to the contention that tumour ce l ls  extravasated from 

the bowel lumen in patients with colorectal cancer may lead to 

implantat ion metastasis.
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Sper l ing  et al . ,  reported a study on 13 pa t ie n ts  who had 

undergone la r g e  bowel r e s e c t i o n s  f o r  p e r f o r a t e d  

tumours (243) Contrary to the results mentioned above, the 

5 year survival in th is  small group was 65.7%. The fa i lu re  

o f  im p la n ta t io n  metastases to develop a f t e r  spontaneous 

perforat ion of  large bowel cancers has been a t t r ibu ted to

in fec t ion .  Vink in 1954 reported an experimental study using

the Brown-Pearce carcinoma in ra b b i ts  (244) ~[his wor|< 

demonstrated that when the animals received no pre-operative 

antimicrobia l drugs or bowel preparation the r i s k  of tumour 

implantat ion at la rge  bowel anastomoses was s i g n i f i c a n t l y  

reduced. In 1960 Cohn and A t ik  repeated essent ia l ly  the same 

experiment and confirmed that the presence of in fec t ion in 

t h is  model s ig n i f i c a n t l y  inh ib i ts  tumour implantation at large 

bowel anastomoses (245) Her ter  and Slanetz repor ted  a 

c l i n i c a l  study in 1968 where 222 p a t ie n ts  w i th  a n t e r i o r

re sec t ion s  f o r  r e c ta l  cancer were reviewed (190).  y^e

incidence of  suture- l ine recurrence in th is  group was 9.5% 

when p re -o p e ra t iv e  bowel p repara t ion  was combined w i th  

a n t ib io t i c s ,  whi le in patients who received no an t ib io t ics  the 

corresponding incidence was 1.6%. Despite th is  apparently 

increased inc idence o f  tumour recurrence,  the authors 

concluded th a t  the be n e f i t s  o f  p e r i - o p e r a t i v e  a n t i b i o t i c  

prophylaxis and bowel preparation fa r  outweigh i t s  potentia l  

r isks  and proposed that the r i s k  of implantat ion metastasis be 

deal t with by the adoption of other mechanical and chemical
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measures. I f  in fect ion does indeed have an antagonist ic 

e f fec t  on tumour implantation, th is  would suggest that escape 

of  tumour ce l ls  from the lumen of  a "clean" bowel (such as an 

immediate pos t -o p e ra t ive  anastomotic leak) may have more 

serious consequences than spontaneous perforat ion of  tumours.

The only previously published reference to anastomotic leaks 

in re la t ion  to local tumour recurrence appears in a report by 

P h i l l ip s  et a l ., summarising the resu lts of the Large Bowel 

Cancer Project These authors reported 1,645 patients

who had curat ive resections fo r  colorectal carcinoma with an 

anastomosis. Anastomotic dehiscence occured in 133 of  these 

patients. There was no dif ference in the incidence o f  local 

recurrence between pa t ie n ts  w i th  leaks (19.5%) and those 

without (18.6%). The discordance between P h i l l ip s  et a l ' s . ,  

resu l ts  and our observations might be due to the dif ferences 

in  the d e f i n i t i o n  o f  leaks and the d i f f e r e n t  p a t ie n t  

populations studied. In the large bowel cancer pro ject no 

rad io log ica l  studies were carr ied out, hence the leaks re fe r  

to c l i n i c a l l y  evident anastomotic disruptions only. On the 

o th e r  hand our study was r e s t r i c t e d  to  p a t ie n ts  whose 

anastomoses were easi ly  accessible fo r  assessment by contrast 

radiography, which e f fe c t iv e ly  excluded a l l  cancers in the 

r i g h t  colon.
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In our study , the overall number of patients with leaks was 

small. Furthermore some patients had both rad io log ica l and 

c l in ic a l  leaks. I t  is ,  therefore, d i f f i c u l t  to determine the 

re la t iv e  con tr ibu tion  of radio log ica l leaks and c l in ic a l  leaks 

d i f f e r e n t ia l l y  on the observed resu lts . Nevertheless, there 

were 17 patients in the study who had rad io log ica l leaks only 

and s ix  o f these patients developed tumour recurrence (35.3%). 

This inc idence was s t i l l  more than tw ice  as high as th a t  

observed in patients with no leaks.

In conclusion, th is  study has demonstrated an association 

between c l i n i c a l  and s u b -c l in ic a l  anastomotic leaks and 

recurrence o f co lorecta l cancer. Patient selection appears to 

be a p lausib le  explanation fo r  th is  re la t ion sh ip , whereby 

leaks would occur more f re q u e n t ly  in  those p a t ie n ts  who 

already have a poor prognosis. A lte rn a t ive ly  anastomotic leaks 

may lead to  a h igher inc idence o f tumour recurrence as a 

re s u lt  o f implantation metastasis. Further experimental work 

which was designed and conducted to  te s t  t h is  l a t t e r  

hypothesis constitu tes the subject o f the next section o f the 

thes is .

I r r e s p e c t iv e  o f  the exp lana tion  fo r  the re s u l t s ,  the 

obse rva tions  presented in  t h is  study may have p o te n t ia l  

c l i n i c a l  im p l ic a t io n s .  They suggest th a t  p o s t-o p e ra t iv e  

contrast radiography, in conjunction with c l in ic a l  assessment
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of anastomotic in te g r i ty  might id e n t i fy  a group of "high r is k "  

p a t ie n ts ,  who might b e n e f i t  from c lo s e r  fo l lo w -u p  a f t e r  

surgery fo r  colorecta l cancer.

The resu lts  also add another dimension to the find ings of the 

c l in ic a l  t r i a l  reported in Section I o f th is  thesis, where 

patients with sutured colorectal anastomoses were shown to 

have s ig n i f ic a n t ly  higher incidence of rad io log ica l leaks 

than those with stapled anastomoses. Furthermore, when viewed 

in  co n ju n c t io n  w ith  the study presented in  the previous 

cha p te r,  these re s u l ts  ra is e  the p o s s ib i l i t y  th a t  the 

influence o f anastomotic leaks and anastomotic techniques on 

the recurrence o f colorectal cancer could be in te r- re la te d .  We 

have shown th a t  s tap led c o lo re c ta l  anastomoses have a 

s ig n i f ic a n t ly  lower rad io log ica l leak rate compared to sutured 

ones. Assuming tha t leaks do lead to a higher recurrence ra te , 

i t  seems possible tha t poorer recurrence rates associated 

w ith  s u tu r in g  techniques could be a r e s u l t  o f  the h igher 

inc idence  o f  ra d io lo g ic a l  leaks from such anastomoses. 

Converse ly, i t  could be hypothesised th a t  anastomotic 

techn ique was the main determ inant o f  recurrence and the 

higher incidence o f recurrence associated with leaks was, in 

fa c t ,  a function o f the anastomotic technique, since a higher 

proportion o f  leaking anastomoses were sutured. A fu r th e r 

p o s s ib i l i t y  is  tha t the influence o f anastomotic leakage and 

anastomotic technique on tumour recurrence are independent o f
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each other. The two issues have been addressed by two separate 

studies carried out on d i f fe re n t  patient populations in th is  

thes is . Hence i t  is  not possible to provide a d ire c t  answer to 

the questions raised. Nevertheless, with the available data, 

an attempt was made to  examine several p e r i -o p e ra t iv e  

variables in re la t io n  to tumour recurrence, a f te r  excluding 

those patients who were known to have c l in ic a l  or rad io log ica l 

leaks. For th is  purpose age, sex, pre-operative haemoglobin 

and albumin leve ls , tumour s i te ,  stage, grade and anastomotic 

technique were entered as simultaneous co-variates in to  Cox's 

proportional hazards regression model. Anastomotic technique 

lo s t  i t s  s ta t is t ic a l  s ign if icance as an independent p red ic to r 

o f tumour recurrence in th is  analysis. However, even a f te r  

excluding leaks and adjusting fo r  other co-variates, patients 

with stapled anastomoses had a s ig n if ic a n t ly  lower cancer 

s p e c i f ic  m o r ta l i t y  (p< 0 .0 5 ) .  A dm itte d ly  t h i s  ana lys is  

a r t i f i c i a l l y  s e le c ts  out a sub-group o f  p a t ie n ts  from 

randomised p a t ie n t  groups. Furthermore, the fa c t  th a t  

patients w ith r ig h t  sided colonic cancers were not subjected 

to contrast radiography is not taken in to  account. Hence such 

patients are assumed not to have a sub -c lin ica l leak, without 

the knowledge o f th e i r  rad io log ica l leak status. Further 

studies are required to c la r i f y  the po ten tia l influence o f 

(and the re la t iv e  contributions by) anastomotic techniques and 

anastomotic  leaks on the long term outcome o f  p a t ie n ts  

undergoing surgery fo r  colorectal cancer.
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SECTION I I I  

EXPERIMENTAL STUDIES
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CHAPTER 8

ANASTOMOTIC LEAKS 

AND PERI-ANASTOMOTIC TUMOUR GROWTH
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8.1 INTRODUCTION

A previously unreported association between anastomotic leaks 

and recurrence of colorectal cancer in man has been described 

in the c l in ic a l  studies presented in Chapter 7. This section 

o f  the th e s is  describes experimental s tud ies  in  a rodent 

model, formulated to investigate the re la t ionsh ip  between 

in te g r i t y  o f large bowel anastomoses and local tumour growth 

and to examine the mechanisms responsible fo r  any observed 

e f fe c t  o f anastomotic leaks.

In the i n i t i a l  phase, the experiments were aimed at developing 

a re l ia b le  and reproducible model o f sub-lethal anastomotic 

leak in the ra t .  Following th is ,  peri-anastomotic tumour 

growth was investigated in groups o f ra ts  with and without 

leaks in  the presence o f  in t r a - lu m in a l  tumour c e l l s .  

F in a l ly ,  to determine whether anastomotic leaks could enhance 

local tumour growth through mechanisms other than the escape 

and im p la n ta t io n  o f  in t r a - lu m in a l  tumour c e l l s ,  growth 

p a t t e r n s  o f  sys te m ic  c i r c u l a t i n g  tum our c e l l s  were 

investigated in the presence and absence o f anastomotic leaks.
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8.2 MATERIALS AND METHODS

In v i t r o  studies described in th is  section were performed in 

the laboratories o f the University o f Glasgow, CRC Medical 

Oncology Department. Animal experiments were carried out at 

the U n iv e rs i ty  Department o f  Surgery, Western In f i rm a ry ,  

G1asgow.

8 .2 .1  Tumour c e lls

The tumour ce l l  l in e  used fo r  a l l  experimental studies was the 

Mtln3 clone o f a ra t  carcinoma 13762 NF. The parent ce ll  

l in e  fo r  the Mtln3 tumour was developed and characterised as a 

chemically induced transplantable mammary adenocarcinoma in 

the F ischer r a t  by S ega lo ff  (2 4 6 )  ̂ y^e ^ t ln 3  clone was 

iso lated from spontaneous lung metastases o f th is  tumour by 

Neri et al (247)^

8 .2 .2  C u ltu re  medium

The cu ltu re  medium used to grow the ce l ls  (F10/DMEM-FCS) was 

prepared with 22.5 mis o f Ham's F10 so lu tion (Gibco, Paisley, 

Scotland) and 22.5 mis o f  Dulbecco's DMEM medium (Gibco, 

P a is le y ,  S c o t la n d )  in  400 mis o f  d i s t i l l e d  w a te r ,  

supplemented by 2mM 1-glutamine and 10% v/v foeta l bovine 

serum. A n t ib io t ic s  were not added to the cu ltu re  medium.
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8.2.3 Cell cu ltu re  methods

Mtln3 ce lls  were stored in l iq u id  nitrogen in 1 ml p la s t ic  

v ia ls  containing 10® - 10® c e l ls  suspended in F10/DMEM-FCS. 

To grow c e l ls  in cu ltu re , the frozen samples were defrosted

ra p id ly  and the contents of the v ia l were transferred in to  

25 cm^ t is s u e  c u l tu re  f la s k s  (Falcon; Becton D ick inson , 

Oxford, England). 5 mis o f cu ltu re  medium was added and 5% 

CO2 in a i r  was passed through the f la s k s  fo r  30 seconds. 

They were incubated at 37°C fo r  24 hours, checked fo r  

contamination and the cu ltu re  medium was replaced every 24 

hours u n t i l  the ce l ls  were confluent. Once confluent, c e l ls  

were passaged by removing the medium, incubating them with

trypsin/EDTA (0.25 % /  1 mM) (Gibco, Paisley, Scotland) fo r  5 

minutes, removing the tryps in , resuspending the loosened c e l ls  

in F10/DMEM-FCS and d is t r ib u t in g  them in to  fu r the r f lasks in 

required concentrations. Each batch o f frozen c e l ls  was 

passaged no more than s ix  times to avoid phenotypic d r i f t  o f 

c e l ls .  (2^8).

8 .2 .4  Growth c h a ra c te r is tic s  o f  Mtln3 c e lls

To determine in v i t r o  growth charac te r is t ics  o f Mtln3 c e l ls ,  

the wells o f two 24 well ce l l  cu ltu re  plates (Linbro, Flow 

Laboratories, Irv ine , Scotland) were f i l l e d  with 10^ c e l ls

suspended in 1 ml o f F10/DMEM-FCS, using 1 ml per w e ll .  The

wells  in each plate were numbered consecutively and they were 

kept at 37oC in a 2.5% C02 incubator. Culture medium in
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wells was replaced every 24 hours and s ta r t ing  from day 1 

contents o f three consecutive wells were counted every day fo r  

twelve days. To obtain counts, medium from the three wells 

to  be counted was aspirated and ce lls  were incubated with 0.5 

mis o f trypsin/EDTA solu tion fo r  5 minutes. The tryps in  was 

then d ilu ted  with 0.5 mis o f F10/DMEM-FCS in each w e ll.  This 

suspension was fu r th e r  d ilu ted  1/10 in phosphate buffered 

saline (PBS) before counting at day 1. As the ce l ls  grew in 

number, t h is  l a t t e r  d i l u t io n  was increased in  a stepwise 

fashion from 1/20 at Day 3 to 1/200 by Day 7. The contents 

o f each well were counted three times in an e lec tron ic  counter 

(Coulter E lectronics, Luton, England), obtaining nine counts 

fo r  each 24 hour period. The mean o f these nine values was 

used to p lo t the growth curve.

8 .2 .5  Clonogenic Assay

A clonogenic assay was performed to determine whether the 

rad io log ica l contrast medium used in the animal experiments 

had any to x ic  e f fe c t  on the Mtln3 c e l ls .  The i n i t i a l  assay 

was carried out with Gastrografin (Schering, Burgess, West 

Sussex, England). The Gastrografin so lu tion was f i l t e r e d  

through a 0.2 micron b a c te r io lo g ic a l  f i l t e r  be fore being 

tested in the clonogenic assay. However a l l  experimental 

d ishes co n ta in in g  G a s tro g ra f in  d i lu t io n s  were seen to  be 

contaminated, ind ica ting  that s te r i l is a t io n  o f the contrast 

medium by f i l t e r in g  was not feas ib le . Accordingly a pre-
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s te r i l is e d ,  s im ila r  rad io log ica l contrast medium (Urografin 

325, Schering) was used both in the clonogenic assay and fo r  

contrast radiography in the animal experiments. In addition 

to undiluted Urografin 325, 1/2, 1/4 and 1/100 d i lu t io n s  were

assessed by the clonogenic assay. Two 25 cm̂  tissue cu ltu re  

flasks were used fo r  each d i lu t io n .  One ml o f 7.7 x 10^ 

ce lls /m l Mtln3 ce ll  suspension and 9 mis o f F10/DMEM-FCS was 

added to each f la sk  and they were incubated at 37°C in an 

atmosphere o f 2.5% carbon dioxide in a i r  fo r  48 hours. Cells 

in the control f lasks were then tryps in ised , resuspended, 

counted and d i lu te d  to  a co n cen tra t io n  o f 10° c e l ls /m l .  

C e lls  in the experimenta l f la s k s  were exposed to  the 

respective concentrations o f Urografin (d ilu ted  in F10/DMEM- 

FCS) fo r  20 minutes. Following th is  a l l  experimental f lasks 

were also tryps in ised and d i lu te d , without counting, by the 

same d i lu t io n  fac to r used fo r  the control f lasks . One ml 

a liquots o f these d i lu ted  suspensions from each f la sk  were 

transferred in to  Petri dishes, (60 cm Nunclon, Gibco, Paisley, 

Scotland) using fo u r  dishes fo r  each f la s k .  Four mis o f  

F10/DMEM-FCS was added to  each P e tr i  d ish  and they were 

incubated at 37°C in 2.5% carbon dioxide in a i r  fo r  10 days. 

At the end o f  the incu ba tio n  p e r iod , c u l tu re  medium was 

removed from the Petri dishes and they were washed twice with 

PBS to remove remaining debris. Each dish was then incubated 

twice fo r  f iv e  minutes in Methanol fo r  f ix a t io n  and l e f t  to 

d ry  f o r  24 hours. They were then s ta ined  w ith  " c r y s ta l  

v io le t "  and ind iv idual colonies in each dish were counted.
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8.2.6 Assessment o f ce l l  v ia b i l i t y

Growth of c e l ls  in cu ltu re  medium fo r  the animal experiments 

were carried out in the same manner as described fo r  the in- 

v i t r o  experiments. However the ce ll counts and adjustment o f 

concentrations were done by a haemocytometer instead o f the 

Coulter Counter and at each count the proportion o f v iable 

c e l ls  was assessed by the Trypan Blue exclusion method(203)^

8.2.7 Experimental animals

Fischer F344 ra ts were used fo r  a l l  the animal experiments. 

This is  an inbred ra t  s tra in  which is  syngeneic w ith the Mtln3 

tumour ce ll  l in e .  The animals were obtained from Harlan-01ac 

Ltd. (B icester, England) or were bred in the animal house o f 

the U n iv e rs i ty  Department o f  Surgery, Western In f i rm a ry ,  

Glasgow, using breeding p a irs  obtained from the same 

in s t i tu t io n .  The animals weighed between 170-290 g at the 

s ta r t  o f the experiments. A mixture o f male and female ra ts 

were used during the prelim inary phase while the anastomotic 

leak  model was being developed. For the remainder o f  the 

experiments male ra ts  were used exclusive ly. The animals were 

kept in the s p e c i f ic a l ly  designated area o f the labora tories 

o f the Department o f Surgery. They were housed in groups o f 

two, three or four, in polypropylene cages. Food and water 

were made available ad l ib itum , including the immediate pre

operative and post-operative periods. The d ie t  consisted o f 

"B iosu re " commercial animal food (Specia l D ie t S erv ices , 

Manea, Cambridgeshire, England).
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8.2.8 Anaesthesia

A ll procedures including Urografin enemas were carried out 

under general anaesthesia. Anaesthesia was induced by 5% 

Halothane (Halothane M-B, May & Baker L td ., Dagenham, England) 

in glass chambers fo r  30-45 seconds and maintained by in t ra -  

peritoneal in jec t io n  o f a combination o f Midazolam (Hypnovel, 

Roche Products L td ., Welwyn Garden C ity , England) and Hypnorm 

(Janssen Pharmaceutical L td ., Grove, Oxford, England). The 

anaesthetic combination consisted of equal parts o f Hypnorm 

(d ilu ted  1/2 in s te r i le  water) and Midazolam (d ilu ted  1/2 in 

s te r i le  water) and was used at a dose of 0.3 ml s/100 g body 

weight.

8 .2 .9  C ontrast radiography

C ontrast rad iography to  assess anastomotic i n t e g r i t y  was 

performed under general anaesthesia in the supine ra t .  The 

rad io log ica l contrast medium (Urografin 325) was administered 

trans-ana lly  in to  the rectum via a non -s te r i le  7F Swan-Ganz 

c a th e te r  (F igure  8 .1 ) .  The ba lloon o f  the c a th e te r  was 

in f la te d  with 1 ml o f a i r  to prevent re f lu x  o f the contrast 

medium. A hydrostatic manometer system was incorporated in to  

the in je c t io n  c i r c u i t  and the pressure during the in s t i l l a t io n  

o f  U ro g ra f in  was monitored. A t o ta l  o f  1.5 - 3 mis o f  

contrast medium was used to ou tline  the d is ta l  large bowel and 

the in je c t io n  pressure was kept below 40 cm H2O. Contrast 

in jec t io ns  were monitored fluo roscop ica lly  using a Siemens

180



Figure 8.1

Contrast radiography P re- in jec tion  radiograph

The t ip  o f the Swan-Ganz catheter is  seen in the 

rectum. The radioopaque titan ium  c l ip  marks the 

level o f the anastomosis.



"Siremobil 2" mobile screening u n it .  Sample radiographs were 

taken at 40 kV and 70 mA with 0.12 second exposure time. Any 

extravasation o f the contrast medium from the anastomosis 

(marked by a titan ium c l ip )  observed during fluoroscopy was 

recorded as a leak . Before accepting an anastomosis as 

w a te r- t ig h t the d is ta l large bowel was f i l l e d  with contrast 

fo r  a minimum of 2 cm beyond the anastomosis and in te rm it te n t 

screening was continued fo r one minute.

8 .2 .10  H istopatho logy

At the time o f autopsy, each animal had a segment o f large 

bowel containing the anastomosis excised, fo r  h is to log ica l 

examination. Animals exh ib it ing  macroscopic tumour growth in 

other tissues had these nodules sampled also, fo r  h is to log ica l 

confirmation o f the diagnosis. A l l  specimens were f ixed in 10% 

buffered formol saline and processed fo r  pa ra ff in  embedding. 

Five micron pa ra ff in  sections were cut from each tissue block. 

The sections were stained with haematoxylin and eosin fo r  

l i g h t  microscopic examination.
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8.3 EXPERIMENTAL PROTOCOL AND SURGICAL PROCEDURES

Three sets o f experiments were carried out as deta iled below. 

For a l l  experiments laparotomies were performed through 

midline abdominal incis ions and wound closures were effected 

in  two la ye rs  using continuous 4/0 s i l k  (E th icon L td . ,  

Edinburgh, Scotland).

8.3.1 Development o f  anastomotic leak model 

Two d i f f e r e n t  su rg ic a l procedures were in v e s t ig a te d  w ith  

respect to the establishment o f an anastomotic leak model. 

The f i r s t  technique involved the fashioning o f a long itud ina l 

colotomy along the anti-mesenteric border o f the descending 

colon. The length o f th is  inc is ion  was standardised to 16 mm 

by using scaled ca lipe rs . This colotomy was then closed 

using e i th e r  5 or 8 in te r ru p te d ,  f u l l  th ickn ess  5/0 s i l k  

sutures (Ethicon L td ., Edinburgh, Scotland) in two groups of 

animals in  an attempt to  achieve re p ro d u c ib le  models f o r  

suture l ines  with and without leaks. The level o f the suture 

l in e  was marked with a 3.7 mm titan ium c l ip  (Premium S urg ic lip  

9 .0 ", Auto Suture Co., U.K. Ascot, England) attached to the 

lowermost suture. To control fo r  the po ten tia l influence o f 

suture material on tumour ce l l  implantation, the actual number 

o f  sutures used was the same in a l l  animals. To achieve th is ,  

the colotomy closure was effected by f iv e  sutures in the group 

intended fo r  leaks, however, three other sham sutures were 

inserted and t ie d  as a loose loop. In the group intended fo r
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a w a te r- t ig h t suture l in e ,  a l l  of the eight sutures inserted 

were t ie d  in a normal fashion to approximate the colotomy. 

A ll  animals were subjected to contrast radiography 24 hours 

post-opera tive ly  to check whether or not they had leaks.

The second surgical procedure tested in an attempt to develop 

an anastomotic leak model was an end-to-end la rg e  bowel 

anastomosis. The descending colon was transected  w ith  

scissors taking care not to damage the mesenteric vessels. 

The bowel ends were then re-anastomosed without any resection 

in an end-to-end fashion using e ithe r 4 ( fo r  the "leak") or 7 

( fo r  the "no-leak" group) interrupted f u l l  thickness 5/0 s i l k  

sutures. As in the previous experiment, animals in the leak 

group had only four sutures used fo r  the anastomosis, but also 

had three additional sham sutures inserted and t ie d  in a loose 

loop. Anastomoses were marked with a 3.7 mm titan ium  c l ip  

a ttached to  one o f  the sutures as described p re v io u s ly  

(Figure 8 .1 ) .  A ll anastomoses were tested in tra -o p e ra t ive ly  

fo r  a ir - t ig h tn e ss . For th is  purpose the abdominal cav ity  was 

f i l l e d  with warm saline u n t i l  the anastomosis was completely 

submerged. A ir  was then insu ff la ted  in to  the rectum via the 

p la s t ic  tubing o f a 19 gauge b u t te r f ly  needle (from which the 

needle had been removed). The cannula was inserted trans- 

ana lly  and advanced fo r  2 cm in the rectum. Clamping the 

colon proximal to the anastomosis was not necessary to achieve 

d is te n t ion  o f the bowel with a i r ,  however peri-anal skin was
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pinched around the ca th e te r  to prevent a i r  escape during  

in s u f f la t io n .  In the group intended fo r  "no leak" i f  the

anastomosis was seen to be leaking a i r ,  additional sutures 

were inserted u n t i l  an a i r - t ig h t  anastomosis was achieved. 

A ll  animals also underwent contrast radiography 24 hours post- 

opera tive ly  as described above and they were k i l le d  at 14 days 

post-opera tive ly . Post-mortem examinations were performed on 

a l l  animals at the time o f sa c r if ice .

8 .3 .2  In tra lu m in a l tumour c e lls  and tumour growth

These experiments were designed to  determine whether an 

anastomotic leak had any bearing on peri-anastomotic tumour 

growth in the presence of v iable intraluminal tumour c e l ls .  

Three groups o f ra ts  were used fo r  th is  purpose. A schematic 

representation o f the experimental protocol is  given in Figure 

8.2. Animals used as the control group had a simple laparotomy 

and laparotomy closure at day 0 without any bowel anastomosis. 

The animals in the "leak" and "no leak" groups had end-to-end 

descending colon anastomoses constructed  in  the fash ion  

described above. The "leak" and "no leak" status o f the 

anastomoses in  the re sp e c t ive  groups were asce rta ined  by 

checking fo r  a ir- t igh tness  per-operative ly. Following th is  

a l l  animals including the control group had 7.5 x 10° Mtln3 

c e l ls  suspended in 0.2 mis o f F10/DMEM-FCS in s t i l le d  in to  the 

rectum via a 19F b u t te r f ly  cannula tubing inserted trans- 

anally  at the time o f surgery while the abdomen was s t i l l
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INTRALUMINAL TUMOUR CELLS & 

ANASTOMOTIC TUMOUR GROWTH 

EXPERIMENTAL PROTOCOL

Laparotomy

Descending colo-colostomy Sacrifice
Intra-rectal 7.5x10 ^/Itln3 cells Post-mortem

Day 0

Day 1

Day 21

Contrast
radiography

Control Group: No anastomosis

Leak Group: Anastomoses with intra-operative air leak
and post-operative radiological leak

No Leak Group: Air tight anastomoses and 

no radiological leaks

Figure 8.2



open. A ll animals were allowed to recover from surgery and 

24 hours post-operative ly they were subjected to contrast 

rad iography as described above. This was fo l low ed  by an 

observation period o f three weeks during which the animals 

were examined d a i ly .  Those showing obvious signs o f i l l - h e a l th  

were s a c r i f ic e d  e a r ly  and a post-mortem was c a r r ie d  ou t. 

Otherwise a l l  animals were k i l l e d  and post-mortems were 

performed at day 21 post-operatively.

8 .3 .3  C irc u la t in g  tumour c e lls  and tumour growth

Four groups o f animals were used in these experiments. The 

experimenta l p ro toco l is  summarised in  Figure 8 .3 . The 

control group had a laparotomy only day 0 without any bowel 

anastomosis. The "leak" and "no leak" groups had end-to-end 

descending colon anastomoses as described in the previous 

experim ents. The fo u r th  group ("doub le  anastomoses") o f  

animals had two large bowel anastomoses performed during the 

same procedure at day 0. One o f  these was an a i r - t i g h t  

anastomosis o f the descending colon carried out in the same 

fashion as fo r  the anastomoses in the "no leak" group. The 

second anastomosis, which was also end-to-end, was performed 

more p ro x im a lly  in  the descending colon j u s t  beyond the 

splenic flexu re . I t  was intended fo r  leak and constructed in 

the manner described fo r  the "leak" group.
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CIRCULATING TUMOUR CELLS AND 

ANASTOMOTIC TUMOUR GROWTH 

EXPERIMENTAL PROTOCOL

Laparotomy 

Descending colo-colostomy

f
Day 0
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Leak Group: Anastomoses with air leak

No Leak Group: Air tight anastomoses

Figure 8.3



None o f  the animals had any in t ra - lu m in a l  tumour c e l ls  

in je c te d  in t h is  experiment. They were a l l  a llowed to 

recover from the i n i t i a l  surgical procedure. Three days la te r  

animals in a l l  groups were anaesthetised again and through an 

inc is ion  in the neck the r ig h t  carotid artery  was exposed. 

I t  was iso lated between two 4/0 s i lk  l iga tu res and opened. A 

2FG cannula with an external diameter o f 0.63 mm (Portex L td ., 

Hythe, Kent, England) was inserted into the caro tid  artery  and 

advanced retrogradely in to  the l e f t  ve n tr ic le .  5 x 10^ Mtln3 

c e l l s  in  0.4 mis o f  F10/DMEM was in je c te d  in to  the l e f t  

ve n tr ic le  v ia th is  cannula and flushed in with sa line . The 

cannula was removed, the carotid  artery was t ie d  o f f  and the 

skin closed. The animals were allowed to recover and were 

observed fo r  another 18 days. As in the previous experiments 

any animal becoming unwell before day 21 was sacr if iced  and an 

autopsy was done. Otherwise a l l  animals were k i l le d  at day 

21 and autopsies were performed.
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8.4 RESULTS

8.4.1 In - v i t r o  growth characte ris t ics  o f Mtln3 c e l ls

Table 8.1 demonstrates the number o f ce l ls  (counted three 

times fo r  each well) at each day throughout the growth curve 

experiment. The growth curve fo r  Mtln3 ce l ls  plated in in - 

v i t r o  cu ltu re  is i l lu s t ra te d  in Figure 8.4. The mean o f the 

nine counts fo r  each day, as i l lu s t ra te d  in Table 8.1, was 

used to p lo t the growth curve. The i n i t i a l  lag phase before 

Mtln3 ce l ls  began to m u lt ip ly  was less than 24 hours. This was 

followed by a phase o f exponential growth u n t i l  the c e l ls  

reached a s a t u r a t io n  c o n c e n t ra t io n  o f  a p p ro x im a te ly  

10^ c e l ls /m l  a t day 9. The m u l t ip l i c a t io n  o f  c e l l s  then 

reached a plateau which was followed by ce l l  death.
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T a b le  8 .1
GROWTH CURVE o f Mtln3 CELLS - CELL COUNTS

Total no.. o f ce l ls /w e l l Mean ce ll

Day 1 106 / 104 / 121
(x 20) 347 / 326 / 313 4.66 x

282 / 249 / 261

Day 2 1493 / 1475 / 1398
(x 20) 1404 / 1394 / 1425 2.68 x

1298 / 1152 / 1114

Day 3 1057 / 1001 / 1004
(x 40) 751 / 755 / 761 3.32 x

707 / 715 / 709

Day 4 599 / 566 / 546
(x 40) 633 / 603 / 644 2.78 x

886 / 910 / 867

Day 5 10001 /10399 / 9855
(x 40) 11712 / I 1804 / 1 1995 4.20 x

9464 / 9633 / 9682

Day 6 4308 / 3694 / 3680
(x2Q0) 3277 / 3216 / 3285 6.87 x

3147 / 3125 / 3165

Day 7 3465 / 3564 / 3632
(x 200) 3263 / 3164 / 3349 1.43 x

3925 / 3870 / 3897

Day 8 740 / 834 / 758
(x 400) 795 / 774 / 914 3.14 x

765 / 748 / 710

Day 9 2889 / 2936 / 2964
(x400) 3120 / 3116 / 3068 1.15 x

2641 / 2584 / 2515

Day 10 3047 / 3046 / 3039
(x400) 3041 / 2992 / 2925 1.23 x

3202 / 3313 / 3154

Day 11 2600 / 2679 / 2602
(x400) 3027 / 2931 / 2986 1.10 x

2931 / 2903 / 2786

Day 12 733 / 758 / 689
(x400) 859 / 807 / 803 3.20 x

805 / 894 / 875
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8.4.2 The e f fe c t  o f rad io log ica l contrast medium on Mtln3 

cel Is

A clonogenic assay was used to determine whether Urografin had 

any tox ic  e f fe c t  on Mtln3 c e l ls .  As detailed e a r l ie r ,  c e l ls  

exposed to 1/1, 1/2, 1/4, and 1/100 d i lu t io n s  o f Urografin 325 

were compared with control dishes in the f in a l  colony counts. 

Eight Petri dishes were counted fo r  each concentration giv ing 

a t o ta l  o f  40 dishes in c lu d in g  the c o n t ro ls .  A l l  dishes 

contained more than 200 colonies, some of which were confluent 

which made accurate qu an tif ica t ion  impossible.

8.4.3 Development o f anastomotic leak model in  the ra t

No animal in any o f the experiments developed p e r i to n i t is ,  

sepsis or died as a re su lt  o f anastomotic dehiscence.

In an attempt to produce consistently  "leaky" and cons is ten tly  

"w a te r- t ig h t"  anastomoses in the animals, the f i r s t  model 

te s te d  was a lo n g i tu d in a l  colotomy o f  a standard le n g th ,  

closed in two d i f fe re n t  manners in two groups o f animals. The 

f i r s t  group in th is  experiment consisted o f 16 ra ts , where the 

su tu re  l i n e  was re-approxim ated w ith  the in te n t io n  o f  

producing a leak. Seven o f these animals (44%) had a leak 

demonstrated on radiography 24 hours post-opera tive ly . In 

the "no leak" group where the suture lines were intended to be 

w a te r- t ig h t there were also 16 animals. Two o f these died 

under anaesthesia. Of the remaining 14 animals, three (21%)
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were shown to have a leak by Urografin enemas 24 hours post- 

opera tive ly . A ll animals had autopsies performed 14 days 

post-opera tive ly . The only notable feature on autopsies was 

some fl im sy adhesions around the anastomosis irrespective  of 

whether or not a leak had been demonstrated ra d io lo g ic a l ly .  

These resu lts  ind icate tha t, in terms of anastomotic in te g r i ty  

there is a poor co rre la t ion  between the in tention at the time 

o f surgery and the Urografin enema find ings. In other words, 

c losing a 16 mm descending colotomy with the two d i f fe re n t  

surgical techniques employed, does not re su lt  in predictable 

and c o n s is te n t  p a tte rn s  o f  " lea ky" and " w a te r - t ig h t "  

anastomoses. This model was therefore abandoned fo r  subsequent 

experiments.

The next anastomotic model t r i e d  cons is ted  o f  end-to-end 

descending colon anastomoses. In order to have an ob jective 

in tra -ope ra tive  measure fo r  the assessment o f the anastomotic 

in te g r i t y ,  these anastomoses were tested fo r  a i r  leaks at the 

time o f surgery. Sixteen animals had anastomoses created with 

the in ten tion  o f producing a leak. One animal in th is  group 

died per-operative ly . A l l  the remaining animals had a i r  

leaks demonstrated by in t ra - re c ta l  a i r  in s u f f la t io n  at the 

tim e o f  surgery . Twenty fo u r  hours l a t e r  14 o f  the 15 

animals in th is  group were shown to have rad io log ica l leaks 

(Figure 8 .5 ). In the "no leak" group (n= 16) four animals 

required one additional suture to render the anastomosis a i r -
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Figure 8.5

Contrast radiography - Radiological leak

Radiograph is  taken immediately a f te r  the leak from 

the descending colon anastomosis is demonstrated on 

fluoroscopy. A large amount o f free intra-abdominal 

contrast medium is seen, mainly in the l e f t  upper 

quadrant o f the abdomen.



Figure 8.6

Contrast radiography 

Rad io log ica lly  in ta c t anastomosis

There is  s l ig h t  narrowing o f the colon at the level 

o f the anastomosis. Contrast medium has outlined 

the bowel fo r  at least 2 cm beyond the anastomosis 

and there is  no evidence o f extravasation.



t ig h t .  An a i r - t ig h t  union was achieved with seven sutures per 

anastomosis in the remainder o f the group. Urografin enemas 

24 hours la te r  revealed w a te r-t igh t anastomoses in a l l  16 

animals (Figure 8 .6 ). In a l l  subsequent experiments th is  model 

o f end-to-end descending colo-colostomies with and without 

leaks was used.

8.4.4 Intralum inal tumour ce l ls  and tumour growth

A to ta l  o f  58 animals were used fo r  t h is  experiment. The 

control group consisted o f 10 animals which had laparotomies 

without any anastomosis, followed by in t ra - re c ta l  i n s t i l l a t io n  

o f tumour c e l ls .  The "leak" and "no leak" groups comprised 24 

animals each. In both groups there was 100% agreement between 

the resu lts  o f in tra -opera tive  "a i r  leak" tes t ing  and post

operative contrast radiography. One animal in the "leak" 

group and two in the "no leak" group died under anaesthesia on 

day 1, during contrast radiography. Two other animals both in 

the "leak" group died at days 18 and 20 post-opera tive ly . At 

post-mortem they were both seen to have widespread omental and 

mesenteric tumour deposits and large tumour masses at the 

level o f anastomosis causing obstruction. The remaining 

animals in a l l  groups were sacr if iced  at day 21 and autopsies 

were c a r r ie d  ou t. The re s u l ts  (exc lud ing  a n a e s th e t ic /  

operative deaths) are summarised in Table 8.2.
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T a b le  8 .2

INTRALUMINAL TUMOUR CELLS AND TUMOUR GROWTH

EXPERIMENTAL 
GROUPS (Excluding 
operative deaths)

NUMBER (%) OF ANIMALS 
WITH TUMOURS

Leak group 13 (57%)
(n=23)

No Leak group 2 ( 9%)
(n=22)

Control group 0 ( 0%)
(n=10)

In je c t io n  o f  7.5 x 10^ tumour c e l ls  t r a n s -a n a l ly  d id  not 

re su lt  in tumour growth in any animal in the absence o f a 

bowel anastomosis. When an anastomosis was present in the 

descending colon, in jec t io n  o f in t ra - re c ta l tumour ce l ls  gave 

r is e  to  p e r i-a n a s to m o tic  and widespread in tra -abdom ina l 

tumours in a variable proportion o f animals dependent on the 

i n t e g r i t y  o f  the anastomoses. The d i f fe re n c e  between the 

" leak" and "no leak" groups in th is  regard was s t a t i s t i c a l l y  

s ig n if ic a n t  (Chi^= 11.4, 1 d . f . ,  p< 0.001). Out o f  the 23

a n im a ls  w i th  a n a s to m o tic  le a ks  13 (57%) deve loped

m acrosco p ica l ly  obvious pe r i-a n a s to m o tic  tumour masses
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associa ted w ith  sm alle r but widespread nodules o f  tumour 

disseminated inside the peritoneal cav ity , mainly on the bowel 

mesentery, omentum and serosal surfaces o f small and large 

bowel (Figure 8 .7 ). H isto log ical examination confirmed tha t 

the anastomotic masses and the in tra -abdom ina l nodules 

consisted o f sheets o f deeply basophilic tumour c e l ls ,  showing 

marked nuclear pleomorphism and prominent nu c le o li .  (Figure

8.8 and Figure 8 .9 ). No animal had tumour in the lungs or 

l i v e r .  The pattern of growth was s im ila r  fo r  the "no leak" 

group, however i t  was only observed in two animals (9%).

8.4.5 C ircu la t ing  tumour ce l ls  and tumour growth

Four groups o f animals were used fo r  th is  experiment. Group A 

consisted o f 14 animals where the anastomoses were shown to 

leak a i r  per-operative ly on day 0. Group B also comprised 14 

animals, which had a i r  t ig h t  anastomoses constructed on day 0. 

One animal in th is  group died during caro tid  cannulation on 

day 3. The animals in Group C (n=8) had double anastomoses as 

described e a r l i e r  and Group D (n=8) cons is ted  o f  co n tro l  

animals which had laparotomy only. Three animals in Group A, 

four in Group B and two in Group C were sac r if ice d  between 

days 15-20 when they became c l in i c a l l y  unwell w ith widespread 

tumour. The remaining animals survived u n t i l  day 21 when they 

were k i l le d .
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Figure 8.7

Anastomotic and intra-abdominal tumour 

Operative photograph

There is  a large nodule o f tumour at the s i te  of 

the descending colon anastomosis. In two areas 

anastomotic sutures can be seen through the tumour, 

encased by the mass. Two fu r the r tumour nodules are 

h ighlighted by arrows.



Figure 8.8

Mtln3 tumour at large bowel anastomosis 

Photomicrography (H.E., x60)

i  a  a . .

Sections from an anastomotic nodule, showing tumour 

which is  i n f i l t r a t i n g  through the smooth muscle o f the 

lamina propria .



Figure 8.9

Mtln3 tumour at large bowel anastomosis 

Photomicrography (H.E., x200)

%  *  V  's. ' ■  •

( hla w 7 l t  ^  A tH S
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« : ~ * f  ?  r  *  * 1Srarai *  Av
Sheets o f anaplastic tumour ce l ls  are seen at high 

power on l ig h t  microscopy. There is  marked nuclear 

pleomorphism and frequent m ito t ic  a c t iv i t y .  The arrow 

points to an abnormal m itos is .



Post-mortem examinations revealed a s im ila r pattern o f tumour 

growth in Groups A, B and C, which contrasted sharply with the 

f ind ings in Group D (Table 8.3). In the absence o f a bowel 

anastomosis in je c t io n  o f 5 x 10^ Mtln3 ce lls  in to  the l e f t  

v e n tr ic le  resulted in widespread and uniformly sized nodules 

o f tumour growth in the lungs, diaphragm and throughout the 

abdomen (F igu re  8.10 and Figure 8 .1 1 ) ,  w ith  the no tab le  

exception o f the in tes t ines . In Groups A, B and C the pattern 

o f systemic tumour spread was s im ila r to that in the control 

group. However in contrast with the re frac to ry  nature o f the 

in tes tines  to support tumour growth in the control group, the 

la rgest tumour nodules were almost always found to be located 

at anastomotic s ites  in Groups A, B and C (Figure 8.12 and 

Figure 8.13).
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T a b le  8 .3

DISTRIBUTION OF TUMOUR GROWTH FOLLOWING INTRA-VENTRICULAR 
INJECTION o f Mtln3 CELLS

SITE OF TUMOUR

EXPERIMENTAL
GROUPS Anastomosis

Other
s ites

No tumour 
growth

Group A (n=14) 12/14 12/14 2/14

Group B (n=13) 12/13 12/13 1/13

Group C (n=8) 7/8 8/8 0/8

Group D (n=8) 0/8 7/8 1/8
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Figure 8.10

Tumour in small bowel mesentery 

Operative photograph



Figure 8.11

Mtln3 tumour in lung

Photomicrograph (H.E., x40)

Tumour nodules in the lung have a propensity to 

grow in a peri-bronchial and p e r i -a r te r ia l  

loca tion . A bronchus and an a r te ry  are h ighlighted 

by arrows.



Figure 8.12 

Anastomotic tumour 

Operative photograph

Early tumour growth at the s i te  o f the descending 

colon anastomosis. The t itan ium  c l ip  attached to one 

o f the anastomotic sutures is  v is ib le  adjacent to the 

tumour.



Figure 8.13 

Anastomotic tumour 

Operative photograph

Large tumour mass at the s i te  o f the 

descending colon anastomosis.



8 .5  DISCUSSION

8.5.1 In v i t r o  experiments with Mtln3 c e l ls

In the clonogenic assay the i n i t i a l  incubation period was 

intended to allow the ce lls  to reach the exponential growth 

phase before exposing them to Urografin. The growth curve 

experiment demonstrated that the ce l ls  would be well inside 

the exponentia l growth phase at the end o f  48 hours o f 

in c u b a t io n . In the assay performed w ith  U ro g ra f in  325, 

accurate qu an t if ica t ion  of the colonies was not possible due 

to large numbers o f often confluent colonies in a l l  dishes. 

However f o r  the purposes o f  th is  s tudy , these re s u l ts  

demonstrate th a t  U rog ra f in  has no d i r e c t  c y to s ta t ic  or 

cy to tox ic  e f fe c t  on Mtln3 ce lls  in any o f the concentrations 

tested. In c l in ic a l  practice Gastrografin is  a more commonly 

employed rad io log ica l contrast medium fo r  the assessment o f 

anastomotic in te g r i ty ,  however the chemical composition o f 

both substances are s im ila r (Urografin 325: sodium d ia t r izoa te  

40% w/v and meglumine d ia tr izoate 18% w/v, 325 mg/ml iodine. 

G a s t ro g ra f in :  sodium d ia t r i z o a t e  10% w/v and meglumine 

d ia t r izoa te  66% w/v, 370 mg/ml iod ine.) .  I t  seems u n like ly  

therefore tha t the contrast medium used fo r  radiography would 

have any influence on the in vivo v ia b i l i t y  o f in tra lum ina l 

tumour c e l ls  e ithe r in the experimental or in the c l in ic a l  

se tt in g .
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8.5.2 Intraluminal tumour ce l ls  and tumour growth

Current c l i n i c a l  and experimental evidence suggests th a t  

tumour c e l ls  are capable o f  im p la n ta t io n  and growth on 

in te s t in a l anastomoses (185-192, 195-197) f xact i y  how th is

implantation takes place however is not known. There is  

general agreement in the l i te ra tu re  that the normal colonic 

mucosa is  not su sce p tib le  to  tumour c e l l  im p la n ta t io n  

(187,249,250)  ̂ Qur resu-|ts with in tra-lum inal tumour c e l ls  in 

the control animals are in accordance with th is  contention. 

On the other hand tumour ce l ls  read ily  implant on serosal 

surfaces, in jured mucosa or exposed sub-mucosal and muscular 

layers o f bowel(177-181, 188-193) -j^g suture materia ls used 

to  c o n s tru c t the anastomosis may have a ro le  in  dragging 

tumour c e l l s  in to  the laye rs  o f  the bowel w a ll or to  the 

serosal su r face . This has been shown to  occur in 

experimenta l models (239 ,251 )  ̂ fu rtherm ore i t  has been 

d e m on s tra ted  t h a t  the  use o f  io d is e d  s u tu re s  can 

s ig n i f i c a n t l y  reduce the incidence o f  anastomotic tumour 

growth in experimental models (189,252) some recent work 

has demonstrated tha t tumour c e l ls  adhere in a variab le  manner 

to d i f fe re n t  suture materials(^^®»^^^). This suggests tha t 

the anastomotic m a te r ia l may act as a n idus fo r  the 

implantation o f tumour ce l ls  in the anastomosis. I t  has also 

been shown tha t there is  a variable potentia l among d i f fe re n t  

suture materials to entrap and transfe r in tra - lum ina l c e l ls  to

the a n a s to m o s is^^ ) .

197



As well as anastomotic materials, the technique o f anastomotic 

c o n s tru c t io n  may also play a ro le  in  the im p la n ta t io n  o f 

tumour c e l ls .  Waltzer and Altemeier (253) studied closed

and open anastomotic techniques in a rabb it model in re la t io n  

to implantation o f in tra-lum ina l tumour c e l ls  and showed tha t 

tumours develop in 57% of open and 7% o f closed anastomoses. 

Broyn and Helsingen reported another experimental study where 

imnplantation o f Walker carcinosarcoma ce l ls  was assessed in 

inverted and everted anastomoses in rats (254)_ No d iffe rence 

between the two techniques was observed in th is  study.

In our experiments a l l  anastomoses were constructed using the 

same sutu re  m a te r ia l and the same su rg ic a l techn ique . 

Therefore ne ither o f these factors could be incriminated fo r  

the observed d i f fe re n c e s  between the groups. The on ly  

de libera te d ifference between the experimental groups was the 

in te g r i ty  o f the anastomoses, which has not been previously 

studied in re la t io n  to peri-anastomotic tumour growth. We 

demonstrated tha t in the presence o f in tra-lum ina l tumour 

c e l l s ,  a s i g n i f i c a n t l y  h igher p ro p o r t io n  o f  animals w ith  

anastomotic leaks developed tumours compared to those animals 

which had a i r - t ig h t  anastomoses. I t  might be expected tha t 

an anastomotic leak would re su lt  in an altered b io log ica l 

environment in the region o f the anastomoses such as a more 

prominent in flam m atory response, changes in  the lo c a l 

m ic roc ircu la t ion , increased concentrations o f various growth 

fac to rs , e tc . Although i t  is  conceivable tha t such local
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changes in the region of a leaking anastomosis could enhance 

implantation and growth of in tra-lum ina l tumour c e l ls ,  the 

pattern o f tumour growth in the animals suggests tha t Mtln3 

ce lls  are capable o f growing on serosal surfaces qu ite  remote 

from the in f lu e n c e  o f  any lo ca l p e r i-a n a s to m o tic  change. 

This implies tha t,  the mechanism responsible fo r  the higher 

incidence o f tumour growth in animals with leaks is  l i k e ly  to 

be enhanced and continuing escape o f tumour c e l ls  from the 

lumen, rather than any a lte ra t io n  in the microenvironment as a 

re su lt  o f the leak.

As a re su lt  o f the c l in ic a l  studies presented in the previous 

chap te r, a hypothesis was put forward whereby the high 

incidence o f recurrence in patients with leaks was ascribed to 

im p la n ta t io n  m e tas tas is . An a sso c ia t io n  between tumour 

implantation and anastomotic leaks in the experimental work 

appears to be consistent with th is  hypothesis. However one 

must be wary o f extrapolating too much from an animal model. 

I t  is  debatable whether an anastomotic dehiscence or a 

rad io log ica l leak in the c l in ic a l  s itua t ion  is  analogous to 

the d e l ib e ra te  leak  model developed and used f o r  these 

experiments. Furthermore the in tra -lum ina l concentrations 

and the b io lo g ic a l  behaviour o f  Mtln3 c e l l s  and the host 

responses in  th is  experimental model may have l i t t l e  

resemblance to  the s i tu a t io n  in p a t ie n ts  w ith  c o lo re c ta l  

cancer.



In summary, we have demonstrated that in an anastomotic leak 

model in the F344 ra t ,  the in te g r i ty  o f the anastomosis is 

s ig n i f ic a n t ly  associated with the r is k  o f anastomotic and 

intra-abdominal tumour growth in the presence o f in tra - lum ina l 

Mtln3 tumour c e l ls .  Our results  suggest tha t enhanced escape

o f the tumour ce l ls  from the bowel lumen in the presence o f a

leak is the responsible mechanism fo r  the higher incidence o f 

tumour growth observed in th is  model. Further studies are

required to determine whether s im ila r mechanisms play a ro le  

in colorecta l cancer surgery in man.

8.5.3 C ircu la ting  Tumour Cells and Tumour Growth 

I t  has been demonstrated that in experimental models lo c a l ly  

implanted tumour c e l ls  grow p r e fe r e n t ia l l y  a t s i te s  o f  

in ju ry^® ® ). The loca lisa t ion  o f tumour growth in in jured

tissues also occurs when tumour ce l ls  are in jected in to  the

systemic c i r c u la t io n  in animal 257). C l in ic a l

observations demonstrating recurrent colorecta l cancer at the 

s i te s  o f  polypectomies or p e r i-a n a l wounds ) a lso

provide in d ire c t  evidence tha t t issue in ju ry  enhances the

a b i l i t y  o f tha t t issue to support tumour growth. Murphy et

a l . ,  recently reported a study where patterns o f tumour growth 

were investigated in rats which had been given intravenous, 

in t ra -p o r ta l and in t ra -a r te r ia l  tumour ce l l  in je c t io n s ^® ® ). 

These authors demonstrated that some tissues including the

in tes t ines  were res is tan t to tumour growth despite receiving
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tumour c e l l s  in the systemic c i r c u la t io n  in  a r a t i o  

p ro p o r t io n a te  to  the f r a c t io n  o f the ca rd iac  ou tpu t they 

re c e iv e . The tumour c e l l  l in e  and the animals in  our 

experiments d i f fe r e d  from those stud ied by Murphy e t a l . 

Nevertheless we observed a broadly s im ila r  growth pattern in 

ou r c o n t r o l  group when tumour c e l l s  were i n j e c t e d  

systemically. Certain tissues l ik e  the omentum, mesentery, 

lungs, abdominal w a ll,  diaphragm and adrenals were found to be 

frequent s ites of tumour growth while the bowel was always 

re frac to ry . However when tumour ce l ls  were in jected in to  the 

systemic c i r c u la t io n  in the presence o f  a la rg e  bowel 

anastomosis, a large m ajority o f the animals developed p e r i 

anastomotic tumours. S im ilar observations have been reported 

by Skipper et a l . , ( ^ ) ,  who studied patterns o f tumour growth 

when tumour ce l ls  are injected before, at the time o f or at 

v a r io u s  i n t e r v a l s  a f t e r  the  c r e a t io n  o f  i n t e s t i n a l  

anastomoses. The influence o f anastomotic leaks on the a b i l i t y  

o f  the bowel to support the growth o f c irc u la t in g  tumour c e l ls  

has not been in v e s t ig a te d  be fo re . We found no d i f fe re n c e  

between the animals w ith  and w itho u t leaks in  terms o f  

anastomotic tumour growth. The mechanisms by which an 

anastomosis promotes lo ca l im p la n ta t io n  o f  e i t h e r  i n t r a 

luminal or c ircu la t in g  tumour ce l ls  remain unknown. However, 

the demonstration that anastomotic in te g r i ty  has no bearing on 

the local growth o f c ircu la t in g  tumour c e l ls  suggests tha t the 

im p la n ta t io n  and growth o f  in t ra - lu m in a l  and c i r c u la t in g
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tumour ce l ls  are governed by d i f fe re n t  mechanisms. In the 

case o f tumour ce l ls  reaching the s i te  o f an anastomosis by 

systemic c irc u la t io n ,  the main fac to r enhancing the a b i l i t y  o f 

the tissue to support tumour growth appears to be surgical 

trauma and the presence o f  a leak has l i t t l e  o r no 

con tr ibu tion  to th is  enhancement. However, i t  is  possible 

th a t  the aggressive nature o f  the Mtln3 c e l ls  used in  a 

re la t iv e ly  high dose may have concealed a d ifference between 

the "leak" and "no leak" groups in the c ircu la t in g  tumour ce l l  

experiments. Further experiments with other tumour ce l l  l ines  

at various doses may help to c la r i f y  th is  issue.

A lthough the presence o f malignant c e l l s  in the systemic 

c i r c u la t io n  o f p a t ie n ts  w ith  c o lo re c ta l  cancer has been 

demonstrated before (260-262)  ̂ there is  no evidence to suggest 

tha t a r te r ia l  de livery  o f these tumour c e l ls  to a large bowel 

anastomosis plays a ro le in anastomotic recurrence in man. 

There fore  the c l i n i c a l  im p l ic a t io n s  o f  our f in d in g s  w ith  

c irc u la t in g  tumour ce l ls  in th is  model remain uncertain.
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GENERAL COMMENTS AND CONCLUSIONS
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Surgical s ta p l in g  techniques have emerged as in c re a s in g ly  

popular a lte rna tives to conventional manual suturing over the 

la s t  two decades. However there is l i t t l e  evidence in the 

s c i e n t i f i f c  l i t e r a t u r e  to place the ro le  o f  t h is  new 

te c h n o lo g y  in t o  p e r s p e c t iv e ,  in  com parison w i th  th e  

conventiona l methods o f anastomotic c o n s tru c t io n .  The 

importance of such evidence is perhaps brought to the fore 

fu r the r,  by the recent in i t ia t iv e s  regarding cost containment 

in  the p ro v is io n  o f  hea lth  se rv ice s . While in c re a s in g  

a t te n t io n  is  being focused on the a p p l ic a t io n  o f  medical 

technology as a major contr ibu tor to the r ise  in health care 

expenditures, c le a r ly  the additional cost incurred by the 

in troduction o f any innovation has to be weighed against i t s  

c l in ic a l  effectiveness.

The c l in ic a l  t r i a l  described in the f i r s t  section o f th is  

thesis aimed to provide detailed and conclusive information 

regard ing the r e la t i v e  m e r its  o f  s u tu r in g  and s ta p l in g  

techniques. A review o f the l i te ra tu re  and p r io r  s ta t is t ic a l  

estimates suggested that a prospective randomised t r i a l  would 

re q u ire  approxim ate ly 1,000 p a t ie n ts ,  to  have adequate 

s ta t is t ic a l  power . This estimate regarding the necessary 

sample s ize  also exp la ins  why previous s tud ies  comparing 

suturing and stapling techniques have fa l le n  short o f being 

conclusive.
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In a prospectively studied population o f over 1,000 randomised 

pa tien ts , the incidence o f c l in ic a l l y  evident anastomotic 

dehiscence was found to be comparable between the sutured and 

stapled groups. This study represents the largest published 

se r ie s  o f  i t s  kind and ye t the confidence in te r v a ls  w ith  

respect to  c l i n i c a l  leaks were r e la t i v e l y  wide, m ain ly 

r e f l e c t in g  the pa uc ity  o f  a c l i n i c a l  leak w ith  e i t h e r  

technique. The two anastomotic techniques produced comparable 

re su lts  in terms o f other important measures of outcome such 

as operative m o rta l i ty ,  frequency of in fe c t ive  complications, 

recovery o f gas tro in testina l function and duration o f post

operative hospital stay. A s ta t is t ic a l l y  s ig n if ic a n t advantage 

tha t emerged in favour o f s tap ling was the reduced anastomosis 

and opera ting  tim es. Although the magnitude o f  the time 

saving, in the study groups taken as a whole, was c l i n i c a l l y  

ra ther modest in certa in circumstances where operating time is 

c r i t i c a l  or when the operation en ta ils  m u lt ip le  anastomoses 

th is  could be an important consideration in the choice o f 

anastomotic technique. More deta iled analysis o f the resu lts  

from the study revealed certa in other trends which may be o f 

assistance in guiding surgeons in the choice o f anastomotic 

technique. For instance, a tten tion  was drawn to the infrequent 

but p o te n t ia l ly  important complication o f haemorrhage from the 

staple l in e  in upper gas tro in tes tina l anastomoses. Another 

f in d in g  which gave r ise  to some concern was the high incidence 

o f  stapled duodenal stump leaks. This is  in contrast w ith the
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previously published experience of other investiga to rs  and no 

s a t is fa c to r y  exp lana t ion , apart from a p o ss ib le  "chance 

occurence", could be found fo r  th is  observation. In patients 

undergoing colorecta l anastomoses, the f ind ings o f th is  study 

suggest th a t  the use o f s ta p l in g  ins trum ents  r e s u l t  in  a 

s ig n if ic a n t ly  lower incidence of rad io log ica l leaks compared 

with suturing. Although th is  was not of any consequence in the 

early  post-operative period, another analysis presented in the 

fo l lo w in g  sec tion  o f  the th e s is  l in k s  anastomotic leaks 

(inc lud ing rad io log ica l leaks) to a higher incidence o f tumour 

recurrence fo llow ing resections fo r co lorecta l cancer. I t  

seems therefore that fu r the r studies are required to c la r i f y  

the c l in ic a l  s ign if icance of radio log ica l leaks in patients 

undergoing surgery fo r  malignant disease.

P a ra l le l  w ith  t h is  c l i n i c a l  t r i a l ,  a fo l lo w -u p  study was 

i n i t i a t e d  fo r  p a t ie n ts  undergoing p o t e n t ia l l y  c u ra t iv e  

re se c t io n s  fo r  c o lo re c ta l  cancer. The fo l lo w -u p  da ta , in 

conjunction with the database o f the o r ig ina l t r i a l ,  enabled 

the examination o f the influence o f anastomotic techniques on 

the long term outcome in patients with co lorecta l cancer. The 

use o f  s ta p l in g  instrum ents has been associa ted w ith  a 

po ten tia l increase in the incidence o f recurrence o f  recta l 

cancer fo llow ing surgery. However, evidence in support o f th is  

contention has only come from retrospective studies. Such 

studies are l ik e ly  to be affected by a selection bias, which
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l i m i t s  t h e i r  a b i l i t y  to  reach s c i e n t i f i c a l l y  v a l i d  

con c lus ion s . The ana lys is  presented in Section I I  o f  the 

thesis represents the only published work where the influence 

o f anastomotic techniques on colorectal cancer was examined in 

randomised patient groups. In contrast with the previously 

published observations, these resu lts  suggest tha t in patients 

undergoing p o te n t ia l l y  c u ra t iv e  resec tions  fo r  c o lo re c ta l  

cancer the use of stapling techniques may be associated with a 

s ig n i f i c a n t  reduc tion  in recurrence and cancer s p e c i f ic  

m o r ta l i ty  rates compared with suturing.

The mechanisms by which the use o f staplers re su lt  in a lower 

incidence o f recurrence in th is  study remain unclear. Some 

experimental evidence exists to suggest tha t s ta in less s tee l,  

compared with braided suture materia ls, possesses d i f fe re n t  

properties with respect to the entrapment and trans fe r o f free 

in tra lum inal tumour ce l ls  in to  the bowel w a ll.  I t  has also 

been shown tha t tumour ce l ls  adhere to stain less steel in 

s ig n i f ic a n t ly  fewer numbers, compared with th e i r  adhesion to 

braided suture materia ls. I t  seems possible therefore tha t the 

observed d ifference between the sutured and stapled pa tien t 

groups in  t h is  study could be a fu n c t io n  o f  anastomotic 

m a te r ia ls  ra th e r  than the technique associated w ith  the 

construction o f a sutured or stapled anastomosis.
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A s ig n if ic a n t  reduction in the incidence o f tumour recurrence 

and cancer spec if ic  m orta lity , associated with the use of 

s t a p l i n g  in s t ru m e n ts  is  a p r e v io u s ly  u n re p o r te d  and 

p o t e n t ia l l y  im portant observa tion . Fu rthe r s tud ies  are 

re qu ire d  to  see i f  these re s u l ts  can be confirmed and to 

investigate the influence of anastomotic techniques on the 

outcome in patients with colorectal cancer.

Current evidence suggests that in the development o f local 

recurrence of colorectal carcinoma, mechanisms other than 

incomplete re sec t ion  such as im p la n ta t io n  m etastas is  or 

metachronous carcinogenesis may also have a ro le . However no 

previous study has examined anastomotic leaks as a potentia l 

influence on the long term survival prospects o f patients 

fo l lo w in g  re sec tions  fo r  c o lo re c ta l  cancer. One o f  the 

c l i n i c a l  s tud ies  presented in Section I I  o f  t h is  th e s is  

addressed th is  issue. The cohort o f patients chosen consisted 

o f those who had undergone p o te n t ia l ly  curative resections fo r  

c o lo re c ta l  cancer, fo llowed by c l i n i c a l  and ra d io lo g ic a l  

assessment o f the in te g r i ty  o f the anastomosis. The resu lts  

revealed th a t  anastomotic leaks were associa ted w ith  a 

s ig n i f ic a n t ly  higher incidence o f tumour recurrence and cancer 

spe c if ic  m o rta l i ty ,  even a fte r  correcting fo r  tumour stage. I t  

might be expected that certa in factors associated with a high 

recurrence ra te , such as tumour f i x i t y ,  vascular and lymphatic 

invasion, lengthy and d i f f i c u l t  resections could also occur
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more frequently among patients with leaks. Hence a "se lection 

b ias"  in  the ana lys is  might account fo r  the apparent 

association between anastomotic leaks and tumour recurrence. 

On the other hand i t  seems not unreasonable to postulate tha t 

in the presence o f a post-operative leak, in tra-lum ina l tumour 

ce l ls  gain enhanced access to p e r ico l ic  tissues resu lt ing  in a 

higher incidence o f local recurrence. An experimental model o f 

anastomotic leak in the ra t was developed to tes t th is  la t t e r  

hypothesis.

In the f i r s t  set o f experiments presented in Chapter 8, i t  was 

shown th a t  in ta c t  bowel mucosa is  r e f r a c to r y  to  the 

implantation and growth of in tra lum in a lly  in s t i l l e d  tumour 

c e l l s .  Th is is  in  accordance w ith  p re v io u s ly  pub lished 

observations. In the presence o f an a i r - t ig h t  and w a te r- t ig h t 

anastomosis (v a l id a te d  by in t ra -o p e r a t iv e  te s t in g  and by 

contrast radiography respective ly), in tra-lum ina l tumour c e l ls  

were able to give r ise  to peri-anastomotic and widespread 

intra-abdominal tumours in a small proportion of the animals. 

On the other hand, a "leaky" anastomosis resulted in tumour 

growth in a s ig n if ic a n t ly  larger proportion o f the animals. 

The p a t te rn  o f  tumour growth in  the animals and the 

s ig n if ic a n t  difference between the "leak" and "no leak" groups 

suggest th a t,  in th is  model the fac to r responsible fo r  the 

enhancement in the capacity o f intra lum inal malignant c e l ls  to 

cause tumour growth was anastomotic leakage. This observation
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supports the proposed hypothesis which had been put forward as 

a re su lt  o f the previously discussed c l in ic a l  studies. However 

one must be wary o f extrapolating too much from studies on 

animal models. The b io logical behaviour o f the tumour, the 

host responses and the experimental anastomotic leak model 

used in th is  study are un like ly  to be d ire c t ly  comparable to 

the c l in ic a l  s itua tion  with colorectal cancer surgery in man.

There is  scope fo r  fu r th e r  experimental work w ith  an 

anastomotic leak model using d i f fe re n t  tumour ce ll  l ines  and 

various anastomotic materials. However, the c la r i f i c a t io n  o f 

the re la tionsh ip  between anastomotic techniques/anastomotic 

leaks and recurrence o f colorectal cancer w i l l  also require 

prospective audits and randomised c l in ic a l  t r i a l s .
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