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PAPERS AND ORIGINALS

Anastomotic integrity after operations for large-bowel
cancer: a multicentre study

L P FIELDING, SARAH STEWART-BROWN, LYNDA BLESOVSKY, GILLIAN KEARNEY

Summary and conclusions

Clinically evident anastomotic dehiscence was studied in
1466 patients who had undergone resection of a large-
bowel adenocarcinoma. The overall incidence of anasto-
motic leakage was 13%, but the incidence varied between
surgeons (range 0-5% to over 30%). Morbidity and
mortality were significantly higher in those patients in
whom the anastomosis failed to heal primarily.

If these results are extrapolated to the national level,
it should be possible by achieving results closer to those
in patients without leakage to reduce overall post-
operative mortality after resection of large-bowel cancer
by 2% and to achieve an appreciable reduction in
morbidity.4 Both factors are clinically important and,
taken together, could result in appreciable saving of
revenue.

Introduction

Surgeons recognise that morbidity and mortality are appreciably
higher in patients whose enteric anastomosis breaks down than
in patients who have an uneventful postoperative -recovery.
Data from controlled trials and from reports of personal series
show a surprising variation of 8-50% in the incidence of
anastomotic leakage.'- ' These differences are partly explained
by the methods of defining anastomotic dehiscence (the in-
cidence being higher when results of water-soluble contrast
radiography are compared . with clinical evidence alone).
Nevertheless, apparently similar techniques seem to be associated
with different rates of anastomotic breakdown, and therefore
other factors probably contribute to the observed results-for
example, completeness of bowel preparation, the use of systemic
prophylactic antimicrobial agents, the nature of the patient
population, and surgical skill.
The data in this report come from the Large-Bowel Cancer
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Project, in which clinical information on all patients presenting
for treatment of tumours of the large bowel is being documented
in collaboration with 84 participating surgeons. Part of the
study was to determine whether the maintenance of anastomotic
integrity is a surgeon-related rather than a patient-related
variable."

Patients and methods

This prospective study started in May 1976, and 84 surgeons in
23 hospitals are current taking part. The records of all patients with a
diagnosis of colorectal cancer were collated by specially trained
researchers, who travelled to the hospitals concerned to review the case
records, operating theatre, and histopathology documents. Informa-
tion was stored in a computer (Imperial College, London) using a
structured data base (INFOL system), and data analysis was carried
out using the programme suite Statistical Package for the Social
Sciences.12
The records of 2430 patients with adenocarcinoma of the large

bowel were studied; 2132 of these patients underwent tumour
resection, in 1466 of whom an enteric anastomosis was fashioned.
The results described are those relating to the treatment of the
presenting condition and include all operations required to achieve
an end result-either the patient's discharge from hospital or death.
Postoperative mortality is defined as death occurring while patients
were undergoing treatment in hospital. Longer follow-up information
on the patients is not yet available.
The breakdown of anastomotic integrity was accepted on clinical

grounds (i) when a frank faecal fistula was present; (ii) when anasto-
motic breakdown was-seen at laparotomy or post mortem in association
with peritonitis; (iii) when a patient exhibited clinical features of
an anastomotic leak, which was then confirmed by sigmoidoscopy
or rectal examination; and (iv) when certain types of intra-abdominal
abscess were seen (only 10 cases were included under this definition:
two were confirmed at necropsy, three at laparotomy, and five after
careful clinical review).
These criteria were adhered to strictly, and thus the incidence of

anastomotic leakage may have been underestimated. Statistical analy-
sis was carried out using the X2 test13 except where otherwise stated.

Results

OVERALL GROUP FIGURES (table I)

A clinically diagnosed anastomotic leak occurred in 191 (13%) of
the 1466 patients studied. The incidence of anastomotic breakdown
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was significantly higher after anterior resection of the rectum com-
pared with intraperitoneal enteric anastomosis (18 70/o and 10O8%
respectively, p<0001). There was little difference in the incidence
of anastomotic breakdown when patients treated with perioperative
prophylactic systemic antimicrobial agents were compared with
those in whom such agents were not used (11 O/ and 140 0 respectively,
0-2>p>0-1). Similarly, the patients' age, the form of clinical
presentation (elective, obstruction, or perforation), the named suture
technique (one-layer or two-layer method), and the grade of surgeon
carrying out the anastomosis (fully trained or trainee) were not
associated with any overall differences in anastomotic leakage.

TABLE I-Overall incidence of anastomotic leakage according to recorded
variables

Total No No (0%) of patients xi
of patients with leaks test

Site of anastomosis:
Intraperitoneal .. 1054 114 (10-8)1
Anterior resection of rectum 412 77 (18-7)] p<00

Perioperative antimicrobials:
Given 455 50 (11-0) NS
Not given .1011 141 (13-9)

Patient age (decades):
1-4 .26 3 (11-5)
5 91 10 (11-0)
6 234 30 (12 8) NS
7 434 55 (12-7)
8 681 93 (13-7)

Presentation:
Routine 959 122 (12-7)1 N
Obstruction .251 40 (15 9)] S
Perforation .59 7 (11 9)
Other emergencies .. 197 22 (11-2)

Suture technique:
One-layer .458 55 (12-0)1
Two-layer .968 131 (13 5)] NS
Other types .40 5 (12-5)

Grade of surgeon:
Consultant .947 123 (13-0)
Senior registrar .. 276 38 (13-8) NS
Registrar .190 24 (12-6)
No grade recorded .. 53 6 (11-3)

Dukes's stage:
A.126 16 (12-7)-
B.636 82 (12-9) 1(122)

C.509 57 (11-2)J 1 a<005
D 195 36 (18 5) J

NS: No statistical difference at 5 0O level.
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left hospital alive. The median duration of hospital stay for these
patients was 25 4 days for those without leakage and 45-7 days for
those with leakage (p <0001, Student's t test for unpaired data).
Thus anastomotic breakdown is associated with a twofold increase in
the duration of hospital stay and a threefold increase in hospital
mortality.

COMPARISON BETWEEN SURGEONS

The frequency distribution of anastomotic dehiscence for each
senior surgeon with clinical responsibility for patient care ranged
from 0-5% to over 300/ (table III). Surgeons with relatively few
anastomoses in their series (fewer than 20 patients) were excluded
from this analysis to remove any possible distortion caused by the
small numbers, despite the observation that the overall incidence of
dehiscence for each surgeon appeared to be independent of the
number of anastomoses fashioned (under 10 patients 12-3%; 10-19
patients 13-70O; 20 or more patients 1280%).

TABLE III-Frequency distribution of anastomotic dehiscence related to senior
(consultant) surgeon with primary clinical responsibility for patient care-
that is, irrespective of grade of operating surgeon-excluding surgeons with
fewer than 20 patients in the series

%0 of anastomoses leaking: 0-5 6-10 11-15 16-20 21-25 26-30 31-35
No of surgeons (n =28): 5 9 3 3 4 4

Mean rate of leakage= 12 80,.

This disparity might conceivably be accounted for by significant
differences in the incidences of the two factors that influence the
overall results-namely, anterior resection of the rectum and
palliative tumour resection. Further analysis, however, shows that
the relative frequency of anterior resection of the rectum does not
explain the differences observed between surgeons, because similar
incidences of anastomotic leakage occur for those with relatively few
or large numbers of patients undergoing restorative resection of the
rectum (figure). Furthermore, the overall incidence of disseminated

Furthermore, the incidence of leakage was similar whatever the
degree of local tumour spread in patients who had a "curative"
resection (Dukes's stages A, B, and C), but those patients who had
had a "palliative" resection had a significantly higher incidence of
leakage (after curative resection 1222% and after palliative resection
(grade D) 18-5% (p < 005)).
Of the 251 patients who presented with obstruction, 67 underwent

a staged tumour resection; in nine of these (13-4%) the anastomosis
leaked. In the remainder (184 patients) the tumour was excised at the
first operation (primary tumour resection). Of these patients, 127 did
not have a "covering" transverse colostomy (18 (14%) with anasto-
motic leakage), 28 had such a stoma (seven (25%) with leakage),
and in 29 the reconstruction was delayed to a second operation
(six (21 %) with leakage). Transverse colostomy did not seem to
confer any overall advantage to these patients in terms of mortality
(table II), and the lowest mortality occurred in the group in whom
the anastomosis was delayed.

Ninety-one (7-1%) of the 1275 patients without anastomotic
leakage and 42 (220%) of the 191 with leakage died in hospital
(p < 0-001). Thus 1184 patients without leakage and 149 with leakage

TABLE II-Mortality in patients, undergoing primary tumour resection and
anastomosis for obstruction

Patients without Patients with
All patients leakage leakage

No (%) No (0,) No ( 0,)
Total dying Total dying Total dying

Anastomosis without stoma 127 19 (15) 109 15 (14) 18 (14) 4 (22)
Anastomosis with transverse

colostomy .. .. 28 6 (21) 21 4 (19) 7 (25) 2
Delayed anastomosis .. 29* 1 (3) 23 0 6 (21) 1

*Comparison of mortality after delayed anastomosis and after anastomosis with
transverse colostomy: 0-1 > p> 0 05.
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disease in patients with an anastomosis (palliative resections) was
only 16-6% and the incidence for each surgeon was sufficiently similar
that the wide range in the incidence of anastomotic dehiscence found
between surgeons cannot be explained by an uneven distribution of
patients undergoing palliative resections. Finally, it might be suggested
that these differences may be systematically related to the different
types of hospitals taking part in the study. Of the 23 hospitals, 15
were district general hospitals and eight teaching hospitals (including
one specialist hospital); no differences were found in the incidences
of anastomotic leakage for surgeons when grouped according to this
broad classification of hospital type (range 0-5% to 25-30% in both
cases; mean values 13-1% in district general hospitals and 12-9% in
teaching hospitals-table IV).
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TABLE Iv-Frequency distribution of anastomotic dehiscence grouped according
to type of hospital

of anastomoses leaking:
Type of hospital

0-5 6-10 11-15 16-20 21-25 26-30

Teaching (n=8)* .. .. 1 2 2 1 1 1
District general (n= 15)t .. 1 4 6 2 1 1

*Number of patients with anastomoses was 513; mean incidence of leakage was 12 9 0.
tNumber of patients with anastomoses was 953; mean incidence of leakage was 13-1 .

Discussion

These data confirm the results of other studies2 4 5 in which
the incidence of anastomotic leakage after anterior resection of
the rectum was significantly higher than that after intraperitoneal
anastomosis. There are, however, some exceptions to this
generalisation.6 Perioperative systemic antimicrobial agents
may be of some benefit in reducing anastomotic leakage, but
our data show only a marginal difference, which failed to reach
significance at the 5% level. The effect of this variable taken in
isolation, however, may have been obscured by other factors of
greater importance, and more specifically directed prospective
studies are required to answer this question (R Grace, personal
communication).'4 We were surprised to find a similar range
of results emanating from both district general and teaching
hospitals, but perhaps our sample was too small for us to draw
any firm conclusions about this issue except that the true
overall differences between hospital types are unlikely to be
large.
Our results highlight the clinical seriousness of anastomotic

dehiscence in that the duration of hospital stay was doubled
and there was a threefold difference in postoperative mortality
when this complication occurred. Clearly, the reason for the
occurrence of anastomotic breakdown is multifactorial; both
clinical and laboratory studies have emphasised different aspects
of the problem, including collagen lysis and synthesis, anasto-
motic bursting pressure, and local blood supply.'5-20 Although
the prerequisites for a successful anastomosis are well known,
clearly they are either not being used or are being deployed
unsuccessfully in an appreciable number of patients.
The data in the current study show that the surgeon who

has clinical responsibility for the care of the patient is probably
the most important single factor influencing anastomotic
integrity. Such a statement about surgical technique may be
thought controversial, buL there is a sixfold range of results
(about 5-30%) that cannot be accounted for by any obvious
differences in patient population. Furthermore, evidence shows
that when particular attention is given to a potentially difficult
or hazardous anastomosis the results may be better than for the
routine case.2' 22
What can be done about this problem? Perhaps the anasto-

mosis should be tested with water-soluble contrast radiography
between the eighth and tenth postoperative days to provide a
useful objective criterion that might help assess surgical
performance and hence lead to improved results. If this view
were adopted it would be essential that this investigation be
carried out without risk to the anastomosis by using small
volumes of contrast medium and omitting air insufflation
during the investigation. Perhaps more widespread use of the
end-to-end anastomosis stapling guns2' would improve results.
Although these instruments might help, they are applicable
to only the rectosigmoid area and poor results have occurred in
all parts of the colon in this and other studies.' Furthermore,
long-term results concerning the formation of strictures of the
anastomosis and tumour recurrence24 25 are unknown when
such stapling instruments are used.
Our next objective is to debate, within our group, the possible

reasons for these surgeon-related differences in an attempt to
define and describe the methods that are associated with the
"best" outcome-for example, the exact procedure for bowel

mobilisation to preserve blood supply, suture materials and
technique, use of drains and "covering" stomas, the place of
stapling machines and postoperative water-soluble contrast
examinations, and, no doubt, other issues. We are encouraged
to pursue this approach because the incidence of anastomotic
leakage within our group of surgeons seemed to begin to diminish
after preliminary discussion of these findings, the incidence
between June 1976 and October 1977 being 134/943 (1422%),
and from November 1977, 57/523 (10-9%)-01 > p> 0 05.
Assuming that our overall results may be brought nearer to

those obtained in patients without anastomotic dehiscence, we
might expect to see an overall improvement in outcome for
patients having resectional operations of about 2% for mortality
and a 9% reduction in the duration of hospital stay for those
patients leaving hospital alive. We estimate that the population
served by our study is about 3o% of that in Britain. Extrapolating
from these figures to the national level, and if the rates of
anastomotic dehiscence could be reduced to 5%, then this
might prevent the postoperative death of about 450 patients
and save some C4m a year. Furthermore, in the wider context
of surgery for large-bowel cancer it should be possible to reduce
the overall duration of hospital stay and mortality of patients to
about 20 days and 5% respectively. The commensurate increase
in preservation of life and financial resources would be about
double the figures just mentioned.
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Twenty-four-hour metabolic profiles in diabetic children
receiving insulin injections once or twice daily

G A WERTHER, P A JENKINS, R C TURNER, J D BAUM

Summary and conclusions

Twenty-four-hour mecabolic profiles were performed
twice in each of 15 diabetic children, once when they were
receiving single daily injections of insulin (Monotard plus
Actrapid) and once on a twice-daily regimen (Semitard
plus Actrapid). Before the study control was optimised
at home on each regimen. There were no differences in
overall 24-hour diabetic control on the two regimens as
measured by mean blood glucose concentration, area
under the blood glucose curve, M value, and 24-hour
urinary glucose excretion. Hyperglycaemia after break-
fast occurred on both regimens. Significant differences
were noted before breakfast, when blood glucose and
ketone concentrations were lower and plasma free
insulin higher on the single-injection regimen, and after
supper and during the night, when blood glucose values
were lower on the two-injection regimen and associated
with a rise in plasma free insulin after the evening
injection. Once-daily injections provided insufficient
circulating insulin after the evening meal, while twice-
daily injections did not last through the night. Plasma
C peptide, indicating residual endogenous insulin
secretion, was just detectable in two children but easily
detectable in four children, whose 24-hour diabetic
control was significantly better than that in the remaining
11 children.
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Conclusions about the superiority of one insulin
regimen over another must be based on specific differ-
ences in diabetic control. Both regimens studied
achieved adequate control, and though neither provided
physiological control specific modifications to the
regimens could help to produce more normal profiles.

Introduction

There has been much debate whether diabetic patients, both
children and adults, should be given insulin once a day or more
often. Arguments have been based on several findings and
assumptions, including the clinical observation that patients
poorly controlled or unstable on a single-injection regimen
improve when switched to twice-daily injections.' Other retro-
spective studies relating long-term complications to poor
diabetic control have suggested that patients given multiple
daily injections have fewer complications than those on once-
daily injections.2 A prospective study in adults showed reduced
progress of retinopathy on multiple injections compared with
single-injection treatment.3 Furthermore, on physiological
principles, the normal pattern of circulating insulin can be more
closely mimicked by more than one injection of insulin a day.5
The findings in adults may not necessarily apply to children,
however, because of the greater lability of diabetic control
related to variations in growth, exercise, and emotion and to
puberty. It has also been suggested that endogenous insulin
production may play a greater part in diabetic control in children
than in adults.6
Most studies comparing different insulin regimens have been

limited by imprecise means of assessing diabetic control, such as
random urine or blood testing. They have also failed to treat
each regimen similarly in the effort devoted to achieving
optimal control. Also, few studies have compared diabetic
control on highly purified insulin regimens in children or adults.
"Monocomponent" and "rarely immunogenic" insulins may
have different durations of action from equivalent unpurified


