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Abstract

Adjuvant treatment of colon and rcdal carcinoma is of major interest. Irradiation and chemotherapy are
modalities used widely. Concern for the integrity of anastomoses performed when this treatment is
used has been put forth. The purpose of this study was to evaluate the effect of preoperative inadiation and postoperative intrapcritoneal5-fluorouraciltrcatment on colonic healing.
In rats preoperative irradiation of the lower abdominal region by 10 + 10 Gy four days apart caused
inflammatory reaction in the colon as evaluated by histology and determination of myeloperoxidase
activity. ?ht inflammatory reaction reached its peck within a week of the second irradiation. When
standardid colonic resections and anastomes were performed within the irradiated part of the colon
the anastomotic healing was not affected during the first wctk after operation as judged by complications and brcaking strer.gth. A lower breaking strength and an increase in myeloperoxidase activity two
months after operation may indicate late changes within the intestinal wall.
lntraperitoncal 5-fluorouracil in rat given immediately after colonic rcscction and repeated as daily
injections caused a weight loss and a marked reduction in breaking strength of the anastomosis as well
as in the abdominal skin wound. The addition of intravenous leucovorin did not further impair wound
healing. A reduction in 5-fluorouracil concentration did not alter the negative wound healing
effectof the chemotherapy. In a group of rats subjected to nutritional depletion, mimicking the weight
curve of 5-fluorouracil treated animals, anastomotic breaking strength was not compromistd to the
same extent as when 5-fluorourad was given.
indicates a direct toxic effect rather than an
effect of reduced food intake caused by 5-FU treatment. Collagen synthesis and the formation of new
tissue in the wound gap w a s p c d in 5-fluorouracil treated animals compared to controls as judged
by in vivo incorporation of H-proline in the anastomotic segment and determination of anastomotic
breakiig strength after removal of sutures. When administration of 5-fluorouracil was postponed by
three days the negative wound healing effects of 5-FU were eliminated.
The results indicate an early vulnerable phase in which 5-fluorouracil may have a detrimental efftct on
colonic healing.
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INTRODUCTION AND BACKGROUND
Colorectal carcinoma is the second most common malignancy in both sexes in
Sweden. The incidence of colon and rectal carcinoma in Sweden is 35 and 20/100 000
respectively (Swedish Cancer Registry 1989). The primary treatment for colorectal
carcinoma is surgery but in one third of the cases it is not possible to perform curative
surgery due to local overgrowth or metastasic disease (Berge et al. 1973, Öhman 1981,
Habib et al. 1983). In patients operated for cure one half will suffer from recurrent
disease (Nilsson et al. 1984) and more than half of the patients with a primary
diagnosis of colorectal carcinoma will die due to the disease (Alarcon and Greenwood
1978, Turunen and Peltokallio 1982, Davis et al. 1987). The postoperative mortality
has decreased over the last decades but the long teim survival rate has remained
unchanged (Enblad 1988). Dukes' classification (Dukes 1932) as modified by Astler
and Collins (1954) has been the most adopted for prognostics with crude 5 year
survival rate of approximately 85% in Dukes A, 60% in Dukes B and 30% in Dukes C
with prognosis being somewhat better in colon carcinoma than in rectal carcinoma
(Berge et al. 1973).
In colon carcinoma hepatic metastases are more common than local recurrence. In
rectal carcinoma local recurrence along with hepatic metastases are frequent (Lavin et
al. 1980, Gilbert et al. 1984, Gunderson et al. 1985). Possible causes of recurrence
was early demonstrated by Fisher (1955) to be through metastatic emboli via the portal
vein during surgery and by spread through local implantation prior to or at surgery
(Moore et al. 1961).
Various frequencies of recurrence have been reported and the surgical technique has
been discussed as being of major importance in the outcome for the patient. "No
touch" technique with primary ligation of the central vein and artery (Turnbull et al.
1967) or extensive surgery with lymphadenectomi along the iliacal vessels (Koyama et
al. I984) have been reported beneficial for the outcome in rectal carcinoma, however
this has not been reproduced in other studies (Glass et al. 1985).
The rather poor results in patients operated for cure have lead to discussions about
adjuvant therapy. Irradiation and chemotherapy are the two modalities that have been
tried clinically.

Adjuvant radiotherapy
The recurrences of rectal carcinoma are confined to the pelvic region in approximately
50% in clinical series (Gilbert et al. 1984, Gunderson et al. 1985). In attempts to
reduce the number of local recurrences and thereby possibly also to improve survival
adjuvant pre- and postoperative radiotherapy has been suggested and tried. In
evaluating different regimens of irradiation it is important to estimate the biological
effect of irradiation. One such concept taking into account the dose of each fraction,
the total dose and the duration of treatment is calculation of the cumulative radiation
effect (CRE) (Kirk et al. 1971). Preoperative irradiation can reduce local recurrence
provided the dose level is high (CRE value of above 14.0), but there is no substantial
evidence that it can improve survival (Gerard et al. 1988, Påhlman et al. 1990,
Stockholm Rectal Cancer Group 1990). If postoperative irradiation is used it is
possible to exclude patients with Dukes A tumours and patients with disseminated
disease from irradiation. In spite of patient selection postoperative irradiation has
failed to reduce local recurrences (Gastrointestinal Tumor Study Group 1985, Balslev
et al. 1986, Fisher et al. 1988, Påhlman and Glimelius 1990). Meta analysis of pre- as
well as postoperative irradiation indicate however that there may be a reduced
mortality with irradiation (Gray et al. 1991).
Adjuvant chemotherapy
In metastatic disease of colorectal carcinoma 5-FU alone or in combination with other
drugs is most frequently used in treatment. Improved response rates and increased
survival seen with the combination of 5-FU and leucovorin in advanced disease
(Arbuck 1989, Poon et al. 1989, Doroshow et al. 1990, Köhne-Wömpner et al. 1992)
has focused interest on this combination in adjuvant therapy for colorectal carcinoma.
Different forms of drug administration have been tried. Intravenous or oral systemic
administration is widely used where as intraportal and intraperitoneal administration
have gained increasing interest over the last decade.
The effect of systemic 5-FU alone or in combination with other cytotoxic agents
and/or radiotherapy as adjuvant treatment after curative surgery has been subject to
investigations in a large number of trials. Few studies report minor benefit in diseasefree survival (Higgins et al. 1984, Gastrointestinal Tumor Study Group 1985,
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Wolmark et al. 1988). Meta-analysis of systemic chemotherapy indicates an
improvement in survival (Buyse et al. 1988).
The combination of 5-FU and Levamisol has been reported by Windle (1987) to
improve five year survival as compared to controls and 5-FU treatment alone. Laurie
(1989) could not reproduce this overall survival improvement in a prolonged 5FU/Levamiso! combination study but by using subset analyses survival improvements
reached statistical significance in patients with Dukes' stage C. These findings were
followed by an inter group study reported in an interim analysis in which a survival
benefit was found for patients with Dukes stage C after 5-FU/Levamisol treatment
(Moertel et al. 1990). This lead to a consensus in the US. National Cancer Institute
declaring 5-FU/Levamisol as the treatment of choice and that control arms with "no
treatment" was not acceptable (MH Consensus 1989). The interim analysis was
confirmed for Dukes' stage C carcinoma in the final report (Moertel et al. 1992).
From the standpoint that intraportal treatment has the advantage of high hepatic
concentration of cytotoxic agents as well as a systemic effect, trials with postoperative
intraportal administration have been made. Taylor (1985) reported a reduction in
hepatic recurrence as well as an overall survival advantage with 5-FU treatment during
one week postoperatively. In similar trials these benefits of postoperative intraportal 5FU treatment have not been reproduced (Beart et al. 1990, Metzger et al. 1990,
Wolmark et al. 1990, Fielding et al. 1992) with the exception of reduced risk of
hepatic recurrence in one study (Wereldsma et al. 1990). Meta analysis of all
intraportal studies with 5-FU demonstrated an advantageous effect on survival (Gray
etal 1991).
As proposed by Sugerbaker (1989) and Cunliffe (1989) intraperitoneal
administration of cytotoxic agents has the advantage of exposing tumour cells at the
resection site as well as in the peritoneal cavity to chemotherapy. In addition to this
"local effect" intraperitoneal administration would still have the advantages of
intraportal administration of high hepatic drug concentration as well as systemic
effects (Campora et al. 1987).

Irradiation and anastomotic healing
In the clinical situation with adjuvant preoperative irradiation for rectal carcinoma an
increased rate of perineal wound complications has been reported. The frequency of

1U

anastomotic complications has however not been higher in irradiated groups as
compared to controls (Gerard et al. 1988, Påhlman et al. 1990, Stockholm Rectal
Cancer Group 1990). In using preoperative irradiation the integrity of the anastomoses
has been of major concern and in experimental models this has been evaluated. 1
In experimental studies of the small intestine Rohrer (1990) and Sacarides (1991)
could not show any change in anastomotic strength with irradiation in a single dose of
less than 20 Gy when given at the time of making the anastomosis. In testing
fractionated irradiation (CRE 9.46) Crovvely (1968) found no effect on anastcmotic
bursting strength. The incidence of intestinal wound complications in irradiated ileum
is dose dependent and the number of complications increase with the interval between
irradiation and wounding (Ormistone 1985).
In the colon 8.75Gy and 14.14 Gy in a single dose given to the whole abdomen one
day prior to construction of an anastomosis reduces the anastomotic bursting strength
(Murphy et al. 1981). In evaluating the time interval between irradiation (14.5 Gy,
single dose, whole abdomen) and creation of the colon anastomosis a delay of five and
fifteen days had negative influence on anastomotic bursting strength whereas no
negative influence was seen when the time interval was ten days (Degges et al. 1983).
End-to-end colonic anastomoses have been shown to be relatively safe in dogs
irradiated three weeks prior to operation when a single dose of 9.2 Gy (Schauer et al.
1982) or 13.6 Gy (Bubrick et al. 1982) was given regionally, but when it was
administered as a total of 40.0 Gy in eight fractions over four weeks (CRE 16.83)
(Morgenstern et al. '984) it had a detrimental effect on healing with a high frequency
of anastomotic lea... ind high mortality. Thus it could be assumed from experimental
studies that irradiation corresponding to approximately 14.0 - 15.0 Gy single dose and
a time interval between irradiation and surgery of approximately one week is optimal
in ensuring a maximal effect of irradiation and yet little influence on anastomotic
healing.

5-FU and wound healing
5-FU is a prodrug and exerts its effect through several of its metabolites. One of the
more important mechanisms is FdUMP's ability to inhibit tymidylsynthetas (Santi et
al. 1974). This leads to reduced intracellular tymidin and suppression of the DNAsynthesis and subsequently a reduced capacity for proliferation. In order for FdUMP
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to form complex bindings with tymidylsynthetas folinic acid is necessary and the
addition of folinic acid can thus enhance the effect of 5-FU (Bleyer 1989).
Proliferation is also influenced by a direct incorporation of 5-FU metabolites leading
to a defect DNA replication (Danenberg et al. 1981). Metabolites of 5-FU can also be
incorporated in RNA resulting in defect m-RNA formation (Cory et al. 1979) and thus
5-FU has the potential ability to influence protein synthesis.
A high rate of morbidity and mortality was reported (Ferrara et al. 1982) in patients
after surgery during treatment with various cytotoxic agents but in using 5-FU in
adjuvant intraportal administration during the first postoperative week (Taylor et al.
1985, Beat et al. 1990, Metzger et al. 1990, Wolmark et al. 1990, Fielding et al. 1992)
there are no reports on increased rate of anastomotic complications.
In most experimental studies anastomotic healing is compromised by 5-FU treatment
as judged by bursting or breaking strength and anastomotic complications. Goldman
(1969) treated rats preoperatively with 5-FU and had a marked increase in anastomoric
complications (ileum) but examination of breaking strength carried out 12 days after
operation (and 5-FU treatment) did not show any difference between treatment groups
and controls. In immediate postoperative treatment Morris (1978) demonstrated
adverse effects of 5-FU (i.v.) on abdominal wound healing, and Morris (1979) further
reported a reduced anastoinotic breaking strength in the colon after 5-FU (i.v.)
treatment. Hillian (1988) concluded from his study of immediate postoperative 5-FU
treatment that it did not have adverse effects on colonic healing when studied 14 days
after surgery and 10 days after the last 5-FU treatment. Other antineoplasHc agents
(combination of bleomycin, 5-FU, cis-platinum, 5 days i.v.) reduced anastomoric
bursting pressure when administered prior to or during surgery whereas a delay of two
days did not influence anastomotic healing in the ileum (de Roy van Zuidewijn et al.
1986) and similar results were found in the colon (de Roy van Zuidewijn et al. 1987).
This combination given intraperitoneally impairs collagen synthesis in the
anastomoses when given during surgery (Martens et al. 1992).
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AIM
The purpose of the present investigation
was to study
A. the effect of preoperative irradiation on left colon anastomotic healing in a
setting resembling adjuvant treatment for rectal carcinoma
by setting up an experimental model,
by evaluating
• the effect of irradiation in the colonic wall as judged by histology,
hydroxyproline and myeloperoxidase activity (I).
• the effect of preoperative irradiation on anastomotic healing in the left colon
(II).
B. the effect of postoperative 5-FU treatment on left colon anastomotic healing
in a setting resembling adjuvant treatment for colorectal carcinoma
by setting up an experimental model,
by evaluating
• the effect of intraperitoneal 5-FU with or without the addition of i.v.
leucovorin on wound healing in left colon anastomoses and abdominal wall
incisions (III).
• the effect of variations in i.p. 5-FU concentration on colonic healing (IV).
• the etiologic role of nutritional alterations in 5-FU-induced inhibition of large
bowel healing (IV).
• the effect of 5-FU on formation of granulation tissue in the anastomotic gap
of colon anastomoses and collagen synthesis in the anastomotic segment (V).
• the effect of a short postponement of 5-FU treatment on wound healing (VI).

S Weibei
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MATERIAL AND METHODS
Experimental animals
A total of 676 Wistar male rats were used (Möllegaard Ltd., Skensved. Denmark) in
the experiments. In studies I and II the animals were caged in groups of five to six
throughout the study In studies III - VI the animals were kept in separate cages
postoperatively.
Comments
Rats were used as experimental animals since they are suitable for studies of
gastrointestinal healing. A substantial amount of knowledge in this field has been
accumulated over the years in our laboratory making it possible to compare new
findings with a pool of previously established data. Animals were kept in separate
cages in study III to minimise the risk of displacement of the intravenous catheter and
in study IV to make it possible to monitor food intake. In studies V and VI this setting
was not changed to allow comparison.

Operative procedures
The animals were anaesthetised with an intraperitoneal (i.p.) injection of chloral
hydrate; 0.25 g/kg (I, II) or fentanyl/midazolam/aq. sterile, 1:1:2 (3.3 ml/kg)(III-Vl). A
5 mm left colonic resection one (II) or two (III-VI) cm above the peritoneal reflection
was then performed through a standardised midline incision. Bowel continuity was
restored with an end to end anastomosis of nine (II-IV, VI) or seven (V) interrupted,
inverting sutures (Surgilene® 7-0; Davis and Geek, New York, USA). The abdominal
muscle layer and the skin incision were closed separately with running sutures (TiCron®, 5-0; Davis and Geek). In experiment III the right groin was explored through a
separate incision and a catheter (Clay Adams PE50; Becton-Dickson, New Jersey,
USA) was introduced into the right femoral vein and tunnelled subcutaneously to the
neck of the rat.

Comments
The anaesthesia was changed after study II since there were observations in the
laboratory of mild peritoneal reactions after i.p. injections of chloral hydrate. The

i
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reason for these findings are unknown. Monofilament synthetic suture .naterial was
used in making the anastomoses as this causes a minimum of tissue reaction and could
be removed from the tissue (V) with a minimum of trauma. Seven sutures were used
in study V in order to avoid damage to the anastomoses when sutures were removed
prior to breaking strength test. Single layer interrupted suture technique was used since
this is easier to standardise than a continuous suture. To insure firm adaptation and a
good knot stability a ninning braided polyester suture was used in closing fascia and
skin .

Randomisation
Prior to irradiation in studies I and II, and after surgery but prior to drug administration
in studies III-VI all animals were randomised to treatment groups. In study V animals
were again randomised at sacrifice to determine if anastomotic breaking strength was
to be tested with or without sutures.

Technique of irradiation
The irradiation was given on two separate days, four days apart. Sham-irradiated
animals did not receive irradiation but were else handled as irradiated animals. In
study II irradiation was given eight and four days prior to surgery.
Under general anaesthesia (chloral hydrate; 0.25 g/kg intraperitoneally) the rat was
placed in a plastic shell with lead shields on both the anterior and posterior side. In
both shields field openings of three by four cm (width x length) gave access to
irradiation of the pelvic and lower abdominal region. The location of the radiation
field was previously checked by X-ray films with barium enema and the rat positioned
in the shell. Through the two openings irradiation was given using two opposing fields
with an anterior - posterior technique. Irradiation was given with 240 kV X-rays,
15mA, total filtration HVL 1.1 mm Cu. The focus to skin distance was 42 cm. The
dose rate was 1.135 Gy/min and the total dose given was 10 Gy on each day of
irradiation. The dose was homogenous within the irradiated volume. The dosage was
checked by a Fanner electrometer and an ion chamber placed in a rat pri.tnlom made
of wax.

S.VVeiber
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Comments
In creating a model of irradiation the dose is most important. In an effort to resemble a
clinical schedule in an experimental model it is advantageous to use the CRE value in
calculating the effect of irradiation (Kirk et al. 1971). In Scandinavia a fractionated
dose of 5 Gy given daily for five consecutive days (CRE = 14 59) has been used in
clinical trials of adjuvant preoperative irradiation for rectal carcinoma (Påhlman et al.
1990, Stockholm Rectal Cancer Group 1990). In resembling this biological effect,
local irradiation in a two dose scheme with 10 Gy each day of irradiation four days
apart was given (CRE = 14.54).
In using animal models it is further important to protect the rest of the animal to
reduce general effects of irradiation which causes high mortality. This was done by
lead shields and carefully focusing on the lower left colon and rectum.
The timing of irradiation prior to surgery in study II was chosen in order to mimic the
clinical situation where operation is performed within a short interval after irradiation,
usually within a week.

Drug administration
5-fluorouracil (Hoffmann-La Roche, Basel, Switzerland) was given as intraperitoneal
(i p.) injections in a daily dose of 20mg/kg. Two different concentrations (5 mg/ml and
1 mg/ml) were used in experiment IV.
Leucovorin (5 mg/ml) (Cyanamid Nordiska, Sundbyberg, Sweden) was given as daily
intravenous bolus injections at a dose of 2mg/kg/day or 10 mg/kg/day through the
femoral catheter 15-30 minutes after the 5-FU injection (III). After administration of
leucovorin the catheter was heparinised.
In studies IH-V chemotherapy started immediately after operation and continued until
the day before sacrifice. In study VI animals were randomised to early treatment or
delayed treatment. Early treatment started immediately after operation as in studies
III-V and was given once daily for seven days. Delayed treatment started on the third
postoperative day and was continued until the day before sacrifice.
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Comments
A 5-FU dose of 20mg/kg in the rat corresponds to 550 mg/irr in the human according
to Freireich (1966). This dose was chosen as it is within range of previously reported
and ongoing clinical studies of adjuvant treatment for colorectal carcinoma with
intraportal or intraperitoneal administration (Taylor et al. 1985, Beart 1990 et al,
Metzer et al. 1990, Wereldsma 1990, Fielding et al. 1992). Intraperitoneal
administration has been of increasing interest as this could give the benefit not only of
high drug concentrations in the liver (Speyer et al. 1980, Speyer et al. 1981, Campora
et al. 1987) but also the exposition of local and peritoneal tumour remnants to the
drug. Two different concentrations of 5-FU were used in order to study the effect of
local drug concentration on anastomoric healing. Different doses of leucovorin have
been suggested in the clinical situation and thus one moderate and one high dose of
leucovorin were tested in study III.

Diet
All animals had free access to a standard laboratory diet and tap water except in
experiment IV. Prior to experiment IV the average food consumption in three rats was
recorded for seven days after colon resection in a pilot study. Three groups of four
animals in each were given 75, 50 or 25 % of this amount of food respectively. The
group given 25 % of "normal" postoperative food consumption induced a similar
weight loss as found in 5-FU treated animals and was thus chosen for study IV.

Comments
In study IV the intention was to adjust for the nutritional deprivation caused by 5-FU
treatment after a bowel resection. The loss in body weight was found to be due to
reduced food intake and thus food restriction where all nutritional components were
reduced equally was thought to mimic the "malnutrition" caused by postoperative 5FU treatment.

Blood tests
Blood samples were taken through a tailcut. Analysis of haemoglobin and albumin
were made according to hospital routines and white blood cell count was performed in
a Burger chamber.

S.Weiber
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Sacrifice
All animals were sacrificed in a CO2 box. Animals which died before intended
sacrifice underwent autopsy to determine cause of death.

Anastomotic complications
At sacrifice the abdomen was explored and macroscopic abscesses and dehiscences
recorded (II-VI). The outer diameter of the bowel was determined (II) by a calliper
one cm above and one cm below the anastomosis enabling an objective evaluation of
obstruction. A ratio between the diameter proximal and distal to the anastomosis was
calculated. If the ratio was more than two it was considered a significant stenosis.

Comments
Abscesses and dehiscences causes an increased inflammatory reaction and this could
influence anastomotic breaking strength and collagen metabolism (Jiborn et al. 1980).
Faecal loading as present in stenosis could also alter healing parameters (Smith et al.
1983, Törnqvist et al. 1989). Thus all animals with anastomotic complications were
excluded from further evaluation.

Sampling technique
For studies of collagen and inyeloperoxidase the left colon was carefully freed of
adhesions and dissected at the mesenteric border. In study I six standardised 5 mm
colonic segments were taken from colon within as well as outside the field of
irradiation (for details see study I). In studies II-VI marking sutures were placed 5 mm
from the anastomosis on each side at sacrifice. After breaking strength test the colon
was cut at the suture markings. The segments were further divided longitudinally at
the mesenteric and the anti mesenteric line. One part was analysed for hydroxyproline
as a marker of collagen and the other part was analysed for myeloperoxidase activity
as a marker of neutrophile leukocyte accumulation.
For histological studies in study I two standardised one cm colonic segments were
taken, from the left colon 1 cm above the p^ritoncl reflection (within the irradiated
area) and from the transverse colon (outside the field of irradiation).
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Comments
In determining biochemical parameters in a biopsy special ca»e must be taken in
standardising the segment taken for analysis. Marking sutures must be placed prior to
determining breaking strength as this procedure else could influence the size of
biopsies. It would be desirable to come as close to the wound gap as possible but in
doing so the standardisation may be hampered and as a compromise 5 mm segments
on each side of the anastomosis were chosen.

Mechanical strength determination
In studies II, III, IV and VI the anastomotic breaking strength was determined with
sutures left in place, hi study V animals were randomised into two groups for breaking
strength test with or without sutures. Careful removal of sutures under a magnifying
lens was made prior to testing anastomotic breaking strength without sutures.
The entire anastomotic segment was mounted in a tensiometer between two clamps
one cm apart with the anastomosis perpendicular to the pulling force and in the centre
of the gap. The tensiometer provided an increasing force of O.O3-O.O5 N/s, and the
maximum force at rupture of the anastomosis was recorded as the anastomotic
breaking strength.
In study II skin flaps, five mm wide, perpendicular to the incision line were prepared
from the abdominal wound after removal of the running suture for determining the
skin breaking strength as above.

Comments
The mechanical strength of an anastomosis can be tested by determining either the
bursting pressure or the breaking strength. Bursting pressure in the early postoperative
phase gives information about the point of lowest strength of the anastomotic
circumference. In the healing process the anastomosis becomes more ridged restricting
it from widening as much as the intact intestinal wall outside the anastomosis. In
testing bursting pressure from the seventh day the rupture usually occurs outside the
anastomosis, according to Laplace law. This gives no or only limited information
about the healing process of the anastomosis (Nelsen and Anders 1966, Hendriks et al.
1990).

SWeiber
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Breaking strength represents the wound healing properties of the entire anastomosis
and can also be performed at a later stage in the healing process. When an anastomosis
is just completed the breaking strength is almost entirely dependent upon the
mechanical properties of the tissue under the sutures (suture holding capacity). During
the first three days the suture holding capacity decreases gradually due to lysis of
tissue (Blomquist et al. 1984, Högström et al. 1985, Jönsson et al. 1985). As the
anastomosis heals new tissue forms in the anastomotic gap and old tissue remodels in
the zone adjacent to the wound. Thus determinaton of breaking strength with sutures
in place becomes dependent upon the suture holding capacity plus the newly formed
tissue while determination of breaking strength tested without sutures offers
information merely about the mechanical properties of newly formed granulation
tissue in the wound gap of the anastomosis.

Collagen studies
Specimens were dried to a constant weight and the dry weight of each colonic sample
was determined. The samples were hydrolysed in 6 N HC1 for 6 hours in an oven at
130 . Collagen was studied by determining hydroxyproline (hypro) according to a
method described by Stegemann and Stalder (1967) as modified by Pikkarainen
(1968). The collagen content (hydroxyproline/biopsy) of each segment was calculated.
Collagen synthesis was determined by in vivo labelling with 100 uCi L-2,3,4,5- Hproline (New England Nuclear, Boston, USA - 142.1 Ci/mmol) injected into the tail
vein of the conscious rat 24 hours prior to sacrifice. At sacrifice a 10 mm segment of
colon was taken from the anastomosis (5mm on each side). Hydroxyproline in each
segment was determined as above. 3H-hydroxyproline of the anastomotic segment
was determined according to Juva and Prockop (1966) and radioactivity was measured
in a scintillation counter (Wallac 1410, Wallac OY, Turku, Finland). Total collagen
synthesis was calculated as dpm- H-hydroxyproline of the entire segment (dpmhypro/biopsy). Specific activity of hydroxyproline was calculated as dpm- Hhydroxyproline in relation to the total amount of hydroxyproline in the segment (dpmhypro/ug hypro).

Comments
The submucosa of the intestine is dominated by collagen types I and III. These fibrous
types of collagen are synthesised by the fibroblast and form copolymers in a fibrillar
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structure (Miller 1992). To form a more stable structure intennolecular crosslinkings
are formed and the collagen fibers are arranged in a regular cross-ply manner (Komuro
1988). Type IV collagen is also present in the intestine but localised closer to the
basement membranes beneath the mucosa (Miller 1992). In synthesis of the collagen,
proline is incorporated in one of the first steps. Part of the incorporated proline is
hydroxylated thus forming hydroxyproline which constitutes between 8 and 14 % of
the collagen molecule (Neumann and Logan 1950, Eastoe 1967). Hydroxyproline is in
small amounts found in elastin, acetylcholinesteras and complement factors but the
overwhelming amount is found in collagen molecules. Thus the determination of
hydroxyproline is considered proportional to the amount of collagen. Collagen can be
determined as collagen concentration or collagen content. Collagen concentration
determined as total amount of collagen per gram tissue is an evaluation of collagen in
relation to other components in the biopsy also liable to undergo alterations during the
healing process. Collagen content reflects the total amount of collagen irrespective of
other alterations in the standardised biopsy and was thus used in the present study.
In evaluation of the collagen metabolism it is desirable to determine lysis and
synthesis of collagen along with the total amount of collagen. In vitro studies have
indicated that 5-FU has an influence on the fibroblasts ability to proliferate and
synthesise collagen (Hendriks et al. 1993). To further evaluate these findings in an in
vivo model we choose to study collagen synthesis using a pulse labelling technique in
study V (Jibom et al. I980).

Myeloperoxidase assay
Myeloperoxidase activity (MPO) was determined in the colonic specimen by a
method described by Bradley (1982). Each biopsy was homogenised in 1.5 ml 0.5 %
hexadecyltrimethylammonium bromide (Sigma Chemicals, St. Louis, Mo. USA).
MPO was extracted and purified. The change in absorbance at 460 nm was measured
in a spectrophotometer at room temperature. One unit of MPO activity was defined as
the amount of enzyme reducing I umole peroxide per minute.

Comments
MPO assay correlates well with the number of neutrophils in tissue samples as shown
by Lundberg (1983) using 51Cr-labelled cells and by Krawisz (1984) using
histological methods. Other sources for peroxidase activity are the mononuclear
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inflammatory cells which could be present in the chronic inflammatory reaction.
Haemoglobin has a small peroxidase activity not taken into account in the present
study. MPO was thus chosen as a marker for inflammatory reaction and in specific the
neutrophile accumulation.

Histology
Specimen were fixed in formaldehyde for 24 hours and stained with heamatoxylin and
eosin. Examination was performed by one pathologist not informed about treatment
group, time of sacrifice or location of biopsy. Each specimen was evaluated for
inflammatory reaction, atypia and dysplasia. Each parameter was judged by an
arbitrary scale from 0 to 3 (normal, mild, moderate and severe reaction). Inflammatory
reaction was judged according to Borgström (1982). Atypia was judged according to
degree of degenerative changes in the epithelium and gland crypts (Jeremy 1987).
Dysplasia was judged by nuclear changes of preneoplastic nature (Jeremy 1987).

Statistical methods
The mean (m) and standard deviation (SD) were calculated. Comparisons of the
means were carried out by Student's t-test for unpaired observations, one-way analysis
of variance and when indicated Duncan's multiple range test was used. Differences
between proportions were evaluated with X z test or Fisher's exact test.

I
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RESULTS
The effect of irradiation (I, II)
Body weight
Irradiated as compared to sham-irradiated animals had a pronounced weight loss
initiated at the time of irradiation. Animals in the control group which underwent
surgery had a small drop in weight postoperatively where as irradiated animals had an
additional more pronounced weight loss. Delayed weight gain was seen in irradiated
animals throughout the experiment.

Haemoglobin, albumin and white blood cell count
No differences were seen in Hb and albumin between irradiated and control groups.
WBC was significantly reduced in irradiated animals on the day of the second
irradiation and four days after completion of irradiation.

Anastomotic complications
Four animals in the irradiated group suffered from complications, two anastomotic
abscesses and two stenoses. In sham-irradiated animals there were no complications
but there was no statistical difference between groups.

Anastomotic breaking strength
The anastomotic breaking strength was similar in irradiated and sham-irradiated
groups in the early postoperative period. On the 56th postoperative day the irradiated
animals had significantly lower breaking strength.

Myeloperoxidase activity
During the first eleven days after irradiation myeloperoxidase activity increased in
irradiated segments of the left colon with a maximum (a 20 fold increase) eleven days
after completion of irradiation. Up to the eleventh day this increase was not seen in
segments outside the irradiation field but sixty days after irradiation myeloperoxidase
was elevated in irradiated as well as in protected parts of colon.
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In the anastomotic segment of operated animals there was a nine fold increase in
myeloperoxidase activity in the anastomotic segments compared with the day of
operation. This increase in myeloperoxidase activity was seen during the first
postoperative week in both the madiated and sham-irradiated group without difference
between the groups.

Histology
In the left colon, within the irradiation field, a moderate to severe inflammatory
reaction and atypia was seen, three as well as ten days after irradiation. In addition
dysplasia was observed in 6 out of 9 specimens 10 days after irradiation. A mild
inflammatory reaction was noted in sham irradiated animals. After 30 days there were
no signs of inflammation, atypia or dysplasia with the exception of one animal in the
irradiated group at 240 days with moderate inflammation and dysplasia. In the
protected transverse colon histological changes were not observed throughout the
study period.

Hydro xyproline
There were no differences in hydroxyproline content between irradiated and control
animals in neither left nor transverse colon irrespective of time after irradiation or
operation with one exception on the second day after operation when the shamirradiated animals had lower hydroxyproline content in the anastomotic segment than
irradiated animals.

The effect of chemotherapy (III, IV, V, VI)
Body weight

All animals had a body weight loss during the initial two postoperative days. 5-FU
treated animals continued to loose weight whereas animals given NaCl regained body
weight after two to three days. Animals receiving 25 % of "normal" postoperative food
intake had an even more pronounced body weight drop than 5-FU treated animals.
Animals treated with leucovorin alone did not differ from controls.
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Haematological findings
Hb did not differ between groups at any time during the experimental period. WBC
was reduced after seven days of 5-FU treatment. In one of the two experiments in
study III albumin was lower in animals treated with 5-FU for seven days.

Anastomotic complications
Abscesses or dehiscences were registered in about 25 % of the animals in groups with
5-FU treatment from the day of operation (early treatment) irrespective of 5-FU
concentration or if leucovorin was added (111-29%, IV=19%, V=29% and VI=27%).
Corresponding rate for NaCl treated animals was about 5% (111=8%, IV=13%, V=6%
and VI=0%). In animals with food restriction (IV) no complications were noted. When
5-FU treatment started on the third postoperative day (delayed treatment) no
complications were registered.

Breaking strength
Colonic anastomoses
On the seventh postoperative day, anastomotic breaking strength tested with sutures
(III-VI) was reduced by 40-60% in 5-FU treated animals as compared to controls.
When breaking strength was tested without sutures a reduction of the same
magnitude was found (V). Further on the seventh postoperative day the anastomotic
breaking strength of 5-FU treated animals was significantly lower when tested with
sutures as compared with NaCl treated animals when tested without sutures (V).
A restriction to 25 % of normal food intake did not reduce the anastomotic breaking
strength (IV). Different intraperitoneal 5-FU concentrations did not influence breaking
strength of the anastomosis (IV).
When chemotherapy was postponed for three days after surgery anastomotic breaking
strength was similar in 5-FU and NaCl treated animals seven as well as ten days
postoperatively (VI).
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Abdominal skin wound
Breaking strength of the skin wound tested without sutures was reduced in 5-FU
treated animals by 35-55% (III, IV) on the seventh postoperative day as compared to
controls. No significant reduction was seen after restriction of food intake.

Myeloperoxidase
There were no differences in MPO activity in the anastomotic segment between 5-FU
treated and control animals with the exception of an elevation on the tenth
postoperative day in the delayed 5-FU treatment group (VI). In study III MPO was
elevated in the anastomotic segment on the seventh postoperative day in groups of
animals treated with leucovorin alone or in combination with 5-FU.

Hydroxyproline
The hydroxyproline content of anastomotic segments was not influenced by
chemotherapy or restriction in food intake except in study III where hydroxyproline
was reduced on the third and seventh postoperative day in the 5-FU group.

Collagen synthesis
During the third postoperative day total collagen synthesis in the anastomotic segment
was similar in controls and 5-FU treated animals but during the seventh postoperative
day the collagen synthesis was reduced to 50 % in 5-FU treated animals. In control
animals an increase of total collagen synthesis was observed from day three to day
seven. This increase was not found when 5-FU was given. When calculating specific
activity the results where similar to the total collagen synthesis.
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GENERAL DISCUSSION
Wound healing is a fundamental process in all species. When special demands are put
forth on a healing process as after colorectal surgery with primary anastomosis it is
important to minimise all factors, general and local, known to negatively influence the
healing process, i.e. to use atraumaric technique, ensure optimal blood supply, use
good suture technique and create an anastoi.iosis without tension. When irradiation
and chemotherapy as adjuvant treatment for colorectal carcinoma, is superimposed the
surgical trauma, it is important to clarify if the treatment affects the healing process
and thus the outcome of the operative procedure.

Preoperative irradiation
The difficulties in mimicking the clinical situation in experimental studies is
substantial. In every animal model much consideration has to be given to the model
used. In creating an experimental model with irradiation the dose is most important.
Using the CRE value in calculating the biological effect of irradiation offers an
opportunity to come as close as possible to the clinical situation (Kirk et al. 1971). In
Scandinavian clinical trials a fractionated dose of 5 Gy given daily for five consecutive
days (CRE = 14.59) has been used (Påhlman 1989 et al, Stockholm Rectal Cancer
Group 1990). In the rat irradiation requires anaesthesia. In pilot studies daily
anaesthesia/irradiation for five days was accompanied by a high mortality. Local
irradiation in a two dose scheme 10 + 10 Gy with four days interval was however well
tolerated by the animals. This dose (CRE = 14.54) corresponds to the biological effect
in the clinical setting described above and was thus chosen for this experimental study.
In using animal models it is also important to protect the rest of the animal to avoid
general effects of irradiation with high mortality rate. This could be performed using
lead shields with defined openings. By carefully focusing on the lower left colon and
rectum general effects could be reduced.
In this study general effects of irradiation were observed as an early decrease in WBC,
a more pronounced postoperative body weight loss and a delayed weight development
throughout the study period. There was however no reduction in albumin and
morbidity was low. In animals receiving irradiation there was a reduction in WBC
already at the hme of operation. There were however no general infections related to
leukopenia in any of the animals.
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Irradiation effect varies considerably in different tissues (Withers 1988). The effect of
irradiation in the colon of experimental animals has previously been described in
termr of histological findings (Hubmann 1981, Breiter and Trott 1986, Dewit et al.
1987, Hauer-Jensen et al. 1990). In the present study we correlated the histological
finding to biochemical markers for neutrophile leukocytes i.e. myeloperoxidase, which
enabled us to quantify the inflammatory reaction in the bowel wall. This method has
not previously been used in this context but is well defined in experimental models of
inflammatory bowel disease in the rat (Wallace and Keenan 1990, Yamada et al.
1991).
A gradual increase in myeloperoxidase activity was seen in the left colon of irradiated
animals with a maximum on the eleventh day after irradiation indicating a successive
accumulation of leukocytes in the early phase. This increase of myeloperoxidase was
confined to the irradiated part of the bowel up to eleven days. The non irradiated parts
of colon showed no signs of inflammatory reaction neither histologically nor in
myeloperoxidase activity at this time. It is notable that the histological findings of
inflammatory reaction is 2-4 days earlier than the myeloperoxidase reaction. This
could be explained by the fact that neutrophile leukocyte migration is secondary to the
cell damage caused by irradiation and detected early by histology.
After two months there was an overall increase in myeloperoxidase
confined to the irradiated parts but more general throughout the
explanation for this increase in myeloperoxidase activity might be that
from monocytes as being part of a chronic reaction throughout the colon
by histology.

activity not
colon. One
it originated
not detected

The timing of operation in relation to the radiation may be of importance for the effect
of irradiation on the anastomoric healing (Degges et al. 1983, Ormistone 1985). In the
clinical trials patients usually have surgery within a week after completion of
irradiation (Påhlman et al. 1989, Stockholm Rectal Cancer Group 1990). In mimicking
this setting the time of operation in our experimental study was set to four days after
the completion of irradiation. In our experimental study without operation (I) there
were clear histological changes in the bowel wall at the time of intended operation but
the inflammatory reaction, as judged by the MPO activity had not at this time reached
its peak. The rapid increase in MPO activity in the anastomotic segment elicited by the
surgical trauma widely exceeded that caused by irradiation alone. MPO activity within
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the anastomotic segment was thus found to be similar in sham-irradiated and irradiated
animals.
Anastomotic complications after irradiation were few and did not significantly differ
from controls. It is however notable that complications were seen only in the irradiated
group. Three out of four complications were observed in the early postoperative phase.
Rats have a good capacity to cope with and heal complications. This ability coi'ld
explain the low number of complications seen at sacrif ;e in the late postoperative
phase.
In sham-irradiated animals the collagen content of the anastomotic segment was
reduced on the second postoperative day. This decrease was not found in irradiated
animals. One explanation might be that the healing process was already initiated by
the trauma and energy brought to the bowel wall by irradiation. An activation of the
fibroblasts and collagen synthesis already at the time of surgery could enable them to
compensate for the initial collagenolysis found in sham-irradiated animals two days
after operation. In spite of this difference in collagen content there was no difference
in anastomotic breaking strength in the early postoperative period.
Two months after operation the breaking strength was approximately 20% lower in
the irradiated group. At this time breaking strength represents a measure of the
intestinal wall rather than the anastomosis. The collagen content in the anastomotic
segment at this time was however similar to sham-irradiated animals. A large standard
deviation was due to two animals with very high values of collagen content. This
could imply an individual variability of reaction to irradiation and that some animals
react with fibrosis. Even if these two animals were excluded the collagen content of
the anastomotic segment was similar to sham-irradiated animals and anastomotic
breaking strength reduced.
When interpreting our results one has to consider that the anastomosis in the rat was
localised intraperitoneally, while in the clinical situation after resection of rectal
carcinoma the anastomosis is situated below the peritoneal reflection which is known
to increase the risk of anastomotic complications. The reason for not choosing a low
anterior resection in this model is that rectum in the rat is short and a standardised
anastomosis is technically difficult to perform. Another difference from the clinical
situation is that in the experimental model we used young and healthy animals
whereas patients with rectal carcinoma are mainly elderly people. However in clinical
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studies (Gerard 1988, Påhlman et al. 1990, Stockholm Rectal Cancer Group 1990)
there were no increase in morbidity caused by anastomoric complications after
preoperative irradiation. In the Stockholm study there was an increase in mortality in
patients above 70 years, but this was due to cardio-pulmonary complications.
Our experimental findings support that it is safe to perform an anastomosis in the
colon within a week after preoperative irradiation in a dose corresponding to a CRE
value of 14.0. Late changes in the intestinal wall with impairment of the mechanical
properties of collagen might occur and there is probably a marked variability in the
individual reaction to irradiation.

Postoperative chemotherapy
This part of the study was designed to resemble an adjuvant treatment of colorectal
carcinoma where 5-FU is given intraperitoneally to obtain high drug concentrations
locally (Gyves 1985) as well as in the portal vein (Speyer et al. 1981). Folinic acid
was given intravenously to achieve schedule dependent synergism (Bleyer 1989).
In previous investigations conflicting results concerning the effect of 5-FU on wound
healing have been reported. This is likely to be due to variations in cumulative 5-FU
dose and experimental design (Staley et al. 1961, Morris 1979, Hillian et al. 1988).
We choose to evaluate 5-FU's effect on wound healing in a setting as close to the
adjuvant treatment of colorectal carcinoma as possible. In designing and testing an
experimental model we found a five fold increase of anastomoric complications
(macroscopic abscesses and dehiscences) after 5-FU treatment and a reduction in
anastomotic and skin wound breaking strength by approximately 40% seven days after
operation. In looking at the first phase of wound healing, on the third postoperative
day, there were no reductions in breaking strength.
Folinic acid is suggested to be used in order to enhance the effect of 5-FU (Bleyer
1989). When folinic acid (leucovorin) was added the negative effect of 5-FU on
wound healing was not aggravated nor did folinic acid have a negative effect in itself.
This result was independent of the dose of folinic acid used. One explanation to this
might be that wound healing after 5-FU treatment is not affected by the synergism of
folinic acid. Another possible explanation is that in our experimental model wound
healing was already suppressed maximally by the 5-FU dose given.
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In the rat considerable weight loss occurs during 5-FU treatment (Staley et al. 1961,
Morris 1979, Hillian et al. 1988). Similar weight loss was found in our study. The
relevance of this postoperative poor nutritional state for the impairment of wound
healing was important to address. Previous experimental studies on malnutrition and
wound healing have dealt with preoperative malnutrition and negative influence on
wound healing was only found if the malnutrition is substantial and kept for a long
period (Daley et al. 1972, Irvin 1974, Ruberg 1984). Weight loss during 5-FU
treatment is mainly due to reduced food consumption and hence it was thought
relevant to use the method of food restriction in order to mimic the "malnutrition" of
5-FU. In a pilot study with different regimens of food restriction we found that a
reduction to 25% of normal postoperative food intake could mimic the weight curve
found in 5-FU treated animals. In animals with this highly reduced postoperative food
intake anastomotic healing was not compromised suggesting that the negative
influence of 5-FU on wound healing is mainly independent of nutritional factors.
In man a relative large volume of intraperitoneal infusion is needed to achieve a homogeneous drug distribution (Rosenhein et al. 1978). A high concentration of 5-FU
might negatively influence anastomotic healing by a local - direct toxic effect of 5-FU.
However after giving the same dose of 5-FU in a five fold volume of saline the
anastomotic healing was still reduced to the same extent as previously found. Further
skin wound healing was hampered to the same extent as anastomotic healing
suggesting that the negative effect on wound healing is systemic rather than local.
Animals receiving 5-FU treatment had a lower white blood cell count in peripheral
blood but there were no general infections observed. One explanation for the impaired
anastomotic healing and the large number of anastomotic complications after 5-FU
treatment could be an impaired local defence. As 5-FU reduces WBC in the peripheral
blood it was important to address the question if this was accompanied by reduced
local accumulation of leukocytes in the anastomotic segment. In order to study the
local inflammatory reaction myeloperoxidase activity was evaluated in the
anastomotic segment as a marker for neutrophile leukocytes. There was no sign of
local leukocyte depletion in any of the 5-FU treated groups. This could be explained
by an early leukocyte migration to the wound prior to the onset of leukopenia.
However, the amount of leukocytes does not necessarily reflect their activity in local
defence since the function of the leukocyte might be altered by 5-FU treatment.
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Breaking strength of the anastomoses was tested in two ways, with sutures in place
and after removal of sutures. Breaking strength tested with sutures in place is a
measure of the suture holding capacity of the tissue adjacent to the wound plus the
breaking strength of newly formed tissue in the wound gap. Testing without sutures
reflects the breaking strength of the wound gap it self. Seven days after operation the
strength is mainly dependent on newly formed collagen in the granulation tissue
(Blomquist et al. 1984). 5-FU treatment initiated at the day of operation reduced the
anastomotic breaking strength with 40% when tested seven days after operation both
with and without sutures (V). In fact the anastomotic breaking strength in 5-FU
treated animals was lower when tested with sutures than in control animals tested
without sutures. This implies an inability in 5-FU treated animals to overcome the
lysis under the sutures by formation of new collagen as well as a marked reduction in
formation of new tissue in the wound gap. These findings could be due either to an
increase in the lysis and/or to a reduction in the synthesis of collagen. Three days
postoperatively we found anastomotic breaking strength tested with sutures to be
similar between 5-FU treatment and controls (HI). During this inflammatory phase
most of the lysis take place and it is therefore likely that there is no difference in lysis
caused by 5-FU.
Collagen content in the anastomotic segment was reduced in study III after 5-FU
treatment but this was not a consistent finding. In order to evaluate the newly
synthesised collagen the incorporation and hydroxylation of H-proline was
determined in the anastomotic segment by an in vivo method (V). In the early healing
course on the third postoperative day there was no difference found in total collagen
synthesis between treatment groups. During the seventh postoperative day total
collagen synthesis was reduced in 5-FU treated animals as compared with controls. In
the control group collagen synthesis increased in the anastomotic segment up to the
seventh postoperative day, which is in consistency with earlier studies (Jiborn et al.
1980). In animals receiving 5-FU treatment however collagen synthesis remained low
on the seventh postoperative day. Thus our results suggest that 5-FU has a negative
influence on the synthesis of collagen in the anastomosis.
In cell cultures 5-FU has a negative effect on skin fibroblasts (but not colon fibroblast)
ability to respond to stimulation by TGFB (Hendriks et al. 1993). The fibroblasts fail
to respond in proliferation as well as in their ability to synthesise collagen. When not
stimulated they keep their basa! synthesis of collagen intact. A most potent
environment for stimulating the fibroblast is the healing wound. In man collagen
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accumulation was reduced in polytetrafluoroetylen grafts implanted subcutaneously
after adjuvant treatment with intraperitoneal 5-FU and intravenous leucovorin for six
days (Graf etal. 1992).
An increase in mRNA for procollagen can be observed during the first days after
experimental wound healing studies (Miller and Gay 1992) and synthesis of collagen
gradually increases from day two to day seven (Jiborn et al. 1980). The early
stimulation of the fibroblasts is essential for both proliferation and synthesis. If
cortisone is administered in the early postoperative phase it exerts a negative effect on
anastomotic healing. This could be avoided by postponing treatment until the third
postoperative day (Sandberg 1964). Cortisone affects collagen synthesis by decreasing
procollagen mRNA gene expression (Fuller and Cutroneo 1992). Hence it is likely
that once mRNA is formed, and synthesis initiated, collagen (and other proteins) will
continue to be synthesised by the fibroblasts. Thus it might be important not to use
substances known to interfere with this mechanism in the very early phase of wound
healing in order to avoid complications. In an attempt to evaluate this theory a
postponement by three days of the 5-FU treatment was tested in study VI. With such
postponement all the observed negative effects of 5-FU on wound healing were
avoided. Our study thus supports the hypothesis that once the initiation of proliferation
and synthesis is established the healing course does not seem to be hampered by 5-FU.
The rationale for early postoperative adjuvant treatment is that the probability for cure
is inversely related to the number of malignant cells. Further in experimental studies
surgery promotes the growth of residual tumour cells thus making them more
susceptible to cytotoxic agents (Fisher et al. 1983). A short delay is not likely to be of
major disadvantage in adjuvant therapy from these standpoints.
In the clinical situation of adjuvant therapy for colorectal carcinoma it could be of
major importance to postpone treatment for two reasons. Firstly complications from
defect anastomotic healing could be minimised and secondly it would be possible to
determine the histopathological diagnosis for selection of patients prior to the intended
treatment. So far the subgroup shown to benefit from adjuvant therapy is Dukes' group
C.
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CONCLUSIONS
Preoperative irradiation in a setting resembling adjuvant treatment for rectal
carcinoma:
• caused acute localised inflammatory reaction in the colonic wall as judged by
histology and myeloperoxidase activity.
• did not negatively influence healing in the left colon anastomosis performed
four days after completion of irradiation.
• may lead to late changes of chronic inflammation and fibrosis within the
colonic wall.

Immediate postoperative intraperitoneal 5-FU treatment in a setting resembling
adjuvant treatment for colorectal carcinoma:
• caused an increase in anastomotic and abdominal wound complications.
• had a detrimental effect on anastomotic and skin wound healing. The negative
effect of 5-FU on wound healing was largely independent of nutritional factors
and drug concentration and was not altered by the addition of folinic acid.
• negatively influenced collagen synthesis in the anastomotic segment and
reduced the strength of granulation tissue in the anastomotic gap of colon
anastomoses.

Postoperative intraperitoneal 5-FU treatment postponed by three days:
• did not cause an increase in anastomotic complication.
• did not negatively influence anastomotic healing.
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