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Abstract

During a recent prospective trial on early diagnosis of anastomotic leakage (AL) after colorectal surgery, we gathered a large
database on more than 1500 procedures performed in 19 surgical centers in Italy over a 12-month period. Main purpose
of the present paper is to show the epidemiological data about colorectal procedures and anastomotic leakage. Prospective
enrollment for all elective colorectal resections with anastomosis (September 2017-September 2018). Primary endpoint
was AL; secondary endpoints were morbidity and mortality rates, readmission and reoperation rates, and length of post-
operative hospital stay (ClinicalTrials.gov; Identifier: NCT03560180). There were 1546 enrolled cases (56.9% of 2717 total
resected cases). The rate of minimally invasive resections was 83.5%. Overall AL rate was 4.92% (76 cases; range per center
0-12.12%). Mean = SD time to AL diagnosis was 5.95+4.78 days (median 5, range 1-31). Overall morbidity rate was 30.20%,
mortality 1.29% (20 cases; range per center 0-3.27), readmission 0.90%, and reoperation 6.92%. Mean + SD post-operative
LOS was 7.89 +£5.97 days (median 6; range 1-120). AL significantly influenced all other secondary endpoints. This study
offers a good snapshot of colorectal resections in Italy. There was a high rate of laparoscopic resections, reflecting the special
interest in this kind of surgery by the participating centers. AL, morbidity, mortality, readmission and reoperation rates are
compared to those reported in previous population-based studies. Compared to series dealing with open colorectal resections,
the time to diagnosis of AL was shortened by several days.
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Risk factors for dehiscence and leak are classified accord-
ing to the site of the anastomosis (extraperitoneal or intra-

Background

Anastomotic leakage (AL) is a dreaded major complica-
tion after colorectal surgery [1]. The overall incidence of
anastomotic dehiscence and subsequent leaks is 2—7% when
surgery is performed by experienced surgeons [2-5]. The
lowest leak rates are found with ileocolic anastomoses (1
to 3 percent) and the highest (10 to 20 percent) occur with
coloanal anastomosis [6]. Leaks usually become apparent
between five and 7 days post-operatively. Almost half of all
leaks occur after the patient has been discharged, and up to
12% occur after post-operative day (POD) 30 [4].
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peritoneal), with a significantly increased risk of anastomotic
leak in extraperitoneal versus intraperitoneal anastomoses
(6.6 versus 1.5%; 2.4% overall) [7, 8]. Major risk factors for
extraperitoneal AL include distance of the anastomosis from
the anal verge (anastomoses within 5 cm from anal verge are
at the highest risk for AL), anastomotic ischemia, male gen-
der and obesity. Major risk factors for an intraperitoneal AL
include American Society of Anesthesiologists (ASA) score
[II-V, emergent surgery, prolonged operative time, hand-sewn
ileocolic anastomosis. Controversial, inconclusive, or perti-
nent negative associations between the following variables
and AL have been reported: neoadjuvant radiation therapy,
drains, protective stoma, hand-sewn colorectal anastomosis,
laparoscopic procedure, mechanical bowel preparation, nutri-
tional status, perioperative corticosteroids.

Early diagnosis of AL is crucial to treat patients limiting
the related mortality. Several clinical items were suggested
to detect AL as soon as possible: fever, pain, tachycardia,
peritoneal purulent or fecal drain, and dynamic ileus [1-5].
Moreover, several laboratory markers were proposed, such as
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leukocyte count, serum procalcitonin (PCT) and C-reactive
protein (CRP) [9-11]. Finally, in 2009 den Dulk et al. [12]
proposed a leakage score (DUtch LeaKage, DULK) that con-
siders several items (fever, heart rate, respiratory rate, urinary
production, mental status, clinical conditions, signs of ileus,
gastric retention, fascial dehiscence, abdominal pain, wound
pain, leukocytosis, CRP, increase of urea or creatinine and
nutrition status) to give a score, based on which a subsequent
diagnostic and therapeutic strategy is chosen.

Therefore, we planned this study to prospectively evaluate
AL rates after colorectal resections, trying to give a definite
answer to the need for clear risk factors, and testing the diag-
nostic yield of DULK score and laboratory markers. Main
purpose of the present paper is to show epidemiological data
about colorectal procedures and anastomotic leakage.

Methods

Prospective enrollment was carried out from Septem-
ber 2017 to September 2018 in 19 Italian surgical centers
(Fig. 1). All patients undergoing elective colorectal surgery
with anastomosis were included in a prospective database
after written informed consent. The study protocol was reg-
istered at ClinicalTrials.gov (Identifier: NCT03560180) and
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Table 1 Inclusion and exclusion criteria

Inclusion criteria

Patients submitted to laparoscopic/robotic/open/converted ileo-colo-
rectal resection with anastomosis (both intra- and extracorporeal),
including planned Hartmann’s reversals.

American Society of Anesthesiologists’ (ASA) class I, II or III

Elective surgery

Patients’ written acceptance to be included in the study.
Exclusion criteria

American Society of Anesthesiologists’ (ASA) class I[V-V

Patients with stoma before or at operation

Simple stoma closure

Transanal procedure

Pregnancy

Ongoing infection prior to surgery

Hyperthermic intraperitoneal chemotherapy for carcinomatosis.

published elsewhere [13]. Inclusion and exclusion criteria
are reported in Table 1.

Potential patient-specific and intraoperative risk factors
for AL were recorded: gender, body mass index (BMI),
nutritional status according to the Mini Nutritional Assess-
ment short-form [14, 15], surgical indication (cancer, polyps,
chronic inflammatory bowel disease, diverticular disease,
other), chronic liver disease, perioperative administration
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Fig. 1 Italian ColoRectal Anastomotic Leakage (iCral) study group: participating centers, and local chief and co-investigators
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of steroids, renal failure and dialysis, American Society
of Anesthesia (ASA) score, laparoscopy or laparotomy or
converted approach, level of anastomosis and technique
(mechanical or hand-sewn, intra- or extracorporeal), opera-
tive time, and perioperative blood transfusions. During the
post-operative period, patients were examined by the attend-
ing surgeon daily. Fever (central temperature > 38 °C), pulse,
abdominal signs, bowel movements, volume and aspect of
drainage (if present) were recorded daily. Any decision for
complementary exams and imaging was made according to
the attending surgeon’s own criteria. Any complication was
calculated and graded according to Clavien—Dindo [16, 17]
including all leaks (independently of clinical significance),
wound infection (according to the definitions of the Centers
for Disease Control and Prevention, and wound culture [18]),
pneumonia (clinical symptoms, and physical and radiologi-
cal examinations), central line infection (positive blood cul-
ture), and urinary tract infection (positive urine culture with
bacterial count). All patients were followed up in the outpa-
tient clinic up to 6 weeks after discharge from the hospital.

Primary endpoint was AL (intended as any deviation from
the planned post-operative course related to the anastomosis,
or the presence of pus or enteric contents within the drains
if present, the presence of abdominal or pelvic collection
in the area of the anastomosis on post-operative CT scan,
performed at the discretion of the attending surgeon, leakage
of contrast through the anastomosis during enema or evident
anastomotic dehiscence at reoperation for post-operative
peritonitis). Thus, all detected leaks were considered inde-
pendently of clinical significance. No imaging was routinely
performed to search for leakage.

Secondary endpoints were morbidity and mortality rates,
readmission and reoperation rates, and post-operative length
of stay (LOS). All data were prospectively recorded into case
report forms and transmitted to the coordinating center on a
monthly basis. Thereafter, all data were incorporated into a
spreadsheet (MS excel), checking for any discrepancy that
was addressed and solved through strict cooperation between
the promoter, the data manager and local investigators of any
participating center.

Statistical analysis

All quantitative values were expressed as mean + standard
deviation (SD), median and range, and categorical data with
percentage frequencies. Mean values of secondary endpoints
were compared according to the presence or absence of AL
using Student’s two-sided ¢ test (allowing for heterogene-
ity of variances) or with a non-parametric Mann—Whitney
test. For all statistical tests the significant level was fixed at
p <0.05. Statistical analyses were carried out using STATA
software (Stata Corp. College Station, Texas, USA). Esti-
mated sample size was calculated considering ASA grade
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Fig.3 Causes of exclusion in 1171 cases

(I and II vs. IIT) as mostly significant among risk factors
for AL [3, 5, 19, 20]; an estimation of the OR for AL and
ASA grade is equal to 5.6 [19]; assuming a confidence inter-
val for the estimation of the OR at 95% and a maximum
error equal to 0.04, the required sample size was n=1062
(about 885 and 177 cases expected in ASA I-II and ASA
I1I, respectively).

Results

After a mean accrual period of 11.52 months (median 12;
range 7-14), 1546 patients submitted to colorectal resec-
tion and anastomosis were enrolled in the study (Fig. 2),
out of a total of 2717 resections (56.9%) performed in
the same period. Reasons for exclusion are reported in
Fig. 3. Male to female ratio was 0.84. Mean + SD age
was 64.41 +16.59 years (median 68; range 18-94).
Mean + SD BMI was 25.27 +4.31 kg/m2 (median 24.89;
range 14.86-44.98). Mean + SD nutritional score (MNA-
SF) was 12.44 +1.91 (median 13; range 2—14), with 46
(2.91%) cases of clear malnutrition (score 2-7), and 297
cases (19.21%) suspected for malnutrition (score 8—11).
Other risk factors for AL are reported in Table 2. Most
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Table 2 Risk factors for anastomotic leakage

Table 3 Type of operation

Risk factors Pattern No. % Approaches No. %
ASA class I-1I 1.063 68.76 Open 255 16.49
1 483  31.24 Laparoscopic/robotic 1196 77.36
Diabetes mellitus No 1.364 88.23 Converted 95 6.15
Yes 182 11.77 Operation
Chronic renal failure No 1.482 95.86 Right colectomy 533 34.47
Yes 64 4.14 Extended right colectomy 75 4.85
Dialysis No 1.544 99.87 Transverse colectomy 31 2.00
Yes 2 0.13 Left colectomy 444 28.72
Perioperative steroids No 1.510 97.67 Splenic flexure colectomy 47 3.04
Yes 36 2.33 Anterior resection 358 23.15
Neoadjuvant therapy No 1.516 98.05 Hartmann reversal 31 2.00
Yes 30 1.95 (Sub)total colectomy 16 1.03
Pre-operative blood transfusions No 1.440 93.14 Other 11 0.7
Yes 106 1.96
Intra- and post-operative blood transfusions No 1.395 90.23
Yes IS 977 Hartmann reversals) was 9.37 +£3.11 ¢cm (median 9; range
Chronic liver disease No 1.537 99.42 0.5-35).
Yes 9 0.58

Diverticular disease
11%

Malignant disease

Adenoma

Fig.4 Indications for surgery in 1546 enrolled cases (/BD inflamma-
tory bowel disease)

common indication for surgery was neoplastic disease
(1064 cases; 68.81%) followed by other indications
(Fig. 4). The overall rate of minimally invasive approach
was 83.5%, right colectomy being the most commonly
performed operation (Table 3). The rate of minimally
invasive approach and of conversion per single center is
reported in Fig. 5. There were 28 (1.81%) associated pro-
cedures, mostly liver resections, cholecystectomy, wedge
urinary bladder resection and adnexectomy. Nearly 88%
of the anastomoses (1354 cases) was performed with a
stapler, mostly (976 cases, 63.13%) intracorporeally. The
details concerning the anastomosis according to the type
of procedure are reported in Table 4. Mean + SD duration
of surgery was 178.88 +77.13 min (median 160; range
30-510). Mean = SD distance of the anastomosis from the
anal margin (available in 513 left/anterior resections and
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Overall AL rate was 4.92% (76 cases; range per center
0-12.12%). Median time to diagnosis of AL was on POD 5,
while 85% of AL was diagnosed within POD 8§ (Fig. 6). AL
diagnosis was reached through CT scan with water-soluble
contrast enema in 30 cases (39.5%), through clinical judge-
ment in 23 cases (30.3%), through CT scan with i.v. contrast
in 22 cases (28.9%) and through endoscopy in one case.

A total of 632 perioperative complications (556
excluding AL) were recorded in 467 (440 excluding AL)
patients (overall morbidity rate 30.20%). Minor complica-
tions (Clavien—Dindo grade I-II) were 447 (70.72%) and
major complications (Clavien—Dindo grade III-IVb) were
185 (29.28%). The spectrum and grading of periopera-
tive complications are reported in Table 5. Overall opera-
tive mortality rate was 1.29% (20 cases; range per center
0-3.27%). There were 14 readmissions (0.90%), and 107
reoperations (6.92%). Mean + SD post-operative LOS was
7.89+5.97 days (median 6; range 1-120). Mean post-oper-
ative LOS per single center is reported in Fig. 7. AL signifi-
cantly influenced all other secondary endpoints (Table 6).

Discussion

The Italian Colorectal Anastomotic Leakage study group
(iCral) is a spontaneous aggregation of general surgeons
with specific interest in colorectal resections. It is com-
posed of two general surgery units in university hospitals,
three specialized colorectal units in research hospitals,
four general surgery units in district hospitals and nine
general surgery units in general hospitals (Fig. 1) that are
broad spectra of nearly all kind of surgical units perform-
ing colorectal resections in our country, far from pretending



Updates in Surgery (2019) 71:339-347 343
19 T el 11,54 | | .
18 e | | L ol
7 ] S ! [ | | 1 - ’
16 5,69 . | | | \ I —_
(000 | | ’
o f—p——o ||
- Eo7 B3
P W7 I I S S syls
Y X: I I [ S S _— ___—— o 01
i | o9 | | | 66,57
| =TI I S Lo % CONV
iy | — LT N S N S S 77ho 8% MIS
g ] |00 | | | | koas
s e ———— p—
LS I I I i 8506
s I I - '
s ] 200 | | | —
3 1 S V72 R A S . '
i | | | | N 95.00
1 sl ! [ | | ‘ | i '
0,00 10;00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00
Fig. 5 Rates of minimally invasive surgery (% MIS) and of conversion to open surgery (% CONYV) per single center
Table 4 Type of anastomosis according to the type of procedure
Operations ~ Anastomosis
Manual no.  Stapled no.  Intrano. (%) Extra no. E-Eno. (%) E-Sno.(%) S-Eno.(%) S-Sisono. S-S anino.
(%) (%) (%) (%) (%)
Right colec- 133 (21.9) 475 (78.1) 265(43.6) 343 (564) - 36 (5.9) 16 (2.6) 469 (77.2) 87 (14.3)
tomy
Transverse 14 (45.2) 17 (54.8) 7(32.2) 24 (67.8)  9(29.1) - 2(6.5) 17 (54.8) 3(9.6)
colectomy
Left colec- 21 (4.7) 423 (95.3) 353 (79.5) 91(20.5) 388(87.4) 12(2.7) 32(7.2) 10 (2.3) 2(0.4)
tomy
Splenic 15 (31.9) 32 (68.1) 14 (29.8) 33(70.2) 11(234) 24.2) 7 (14.9) 24 (51.1) 3(6.4)
flexure
colectomy
Anterior 4(1.0) 385(99.0) 330 (84.8) 59(15.2)  360(92.5) 6(1.6) 22 (5.6) 1(0.3) -
resection
and HR
Other 5(18.5) 22 (81.5) 7(25.9) 20(74.1) 6(22.2) 1(3.7) 9(33.3) 10 (37.1) 1(3.7)
Total 192 (12.4) 1354 (87.6) 976 (63.1)  570(36.9) 774 (50.1) 57 (3.7) 88 (5.7) 531 (343) 96(6.2)

Intra intracorporeal, Extra extracorporeal, E—-E end-to-end, E—S end-to-side, S—F side-to-end, S-S iso side-to-side isoperistaltic, S—S ani side-to-

side anisoperistaltic, HR Hartmann reversal

it to be comprehensive of all the actual situations about
colorectal surgery in Italy. The actual rate of resections
per year outweighted the expected one (2717 consecutive
resections; mean + SD per center 143 + 120.38; median 91;
range 29-504). One possible source of bias is the exclu-
sion of 1171 cases (44.1%), mainly because of the neces-
sity of a diverting stoma at operation (Fig. 3), but the study
was primarily designed to evaluate the diagnostic yield of

serum biomarkers for AL, and including proximally diverted
anastomoses has already been demonstrated as a significant
source of confounding bias for this purpose [21]. Neoplastic
disease remains the most common indication for surgery
(Fig. 4), followed by diverticular and other benign diseases
[22]. We recorded an unexpected very high rate (83%) of
minimally invasive resections (mostly laparoscopic, with
a small percentage of robotic resections). This finding is
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Fig.6 Time to diagnosis of anastomotic leakage (AL) per post-operative day (POD)

Table 5 Spectrum and grading of perioperative complications

Complication types Grade I Grade II Grade Illa Grade IIIb Grade I'Va Grade IVb Total no. (%)
Anastomotic leak - - 1 69 6 76 (4.92)
Surgical site infection 37 26 - - - 63 (4.08)
Abdominal bleeding - - 1 10 1 14 (0.90)
Trocar/wound site bleeding 1 2 - 3 - 6 (0.38)
Abdominal collection/abscess 1 5 8 2 - 16 (1.03)
Deep wound dehiscence - - - 5 - 5(0.32)
Intestinal obstruction 2 - - 7 - 9 (0.58)
Anastomotic bleeding 4 7 20 - - 31 (2.00)
Small bowel perforation 1 - - 4 - 5(0.32)
Acute mesenteric ischemia - - - 2 - 2 (0.13)
Cardiac dysfunction 9 19 1 - 3 34 (2.22)
Pneumonia and pulmonary failure 8 49 1 - 61 (3.96)
Neurologic (TIA, stroke) 2 1 - - 5(0.32)
DVT/Pulmonary embolism - - - - 3(0.19)
Renal failure 10 - - 4 22 (1.42)
Anemia 5 60 - - - 65 (4.20)
Fever 4 24 1 - - 29 (1.87)
Urinary tract infection 3 18 - - - 21 (1.36)
Urinary retention 9 6 1 - - 16 (0.71)
Paralytic ileus 41 41 - - - 82 (5.30)
Acute peptic ulcer/erosive gastritis - 2 1 - - 3(0.19)
Other 22 19 - 10 11 62 (4.01)
Total 159 288 36 112 26 632 (100)
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Fig.7 Mean post-operative length of stay (LOS) per single center
Table6 Secondary endpoints Endpoints AL (n0.=76) no AL (no. = 1470) »
according to the presence/
absence of AL Other Morbidity rate (no.; %) 49; 64.47 391;26.59 <0.0001
Clavien-Dindo I-II 29;38.16 311;21.15 <0.0008
Clavien-Dindo III-IV 20;26.31 80; 5.44 <0.0001
Mortality rate (no.; %) 6;7.89 14; 0.95 0.0003
Readmission rate (no.; %) 4;,5.26 10; 0.68 0.0041
Reoperation rate (no.; %) 69; 90.79 38;2.58 <0.0001
Post-operative LOS (days; mean+ SD) 21.06+5.66 7.21+£3.95 <0.0001

strikingly different from that available online concerning
colorectal resections in Italy for cancer in 2016: most recent
available data (2016) from PNE-AGENAS (Piano Nazionale
Esiti—Agenzia Nazionale Servizi Sanitari), a nationwide
database, show penetration rates of laparoscopic procedures
for colorectal cancer ranging at 35.4% for colon resections
and at 42.6% for rectal resections [23]. Possibly, such a high
rate reflects the special interest in this kind of surgery by the
participating centers. Concerning the anastomosis (Table 4),
this study confirms a high rate (87.6%) of stapled anasto-
moses, highest (99.0%) in colorectal and lowest (54.8%) in
transverse resections, a prevalence (63.1%) of intracorpor-
eal vs. extracorporeal anastomoses, highest (84.8%) in colo-
rectal and lowest (25.9%) in other resections (mostly total
colectomies). Side-to-side isoperistaltic anastomosis is the
most frequently performed anastomotic fashioning in right
(77.2%), transverse (54.8%) and splenic flexure (51.1%)
colectomies, whereas end-to-end colorectal anastomosis is

most frequently performed in left colectomies (87.4%) and
anterior resections/Hartmann reversals (92.5%).

We recorded 76 cases of AL (4.92%), including all symp-
tomatic leaks. Routine radiological search for AL was not
requested per protocol for two reasons: clinically occult leaks
do not need a therapeutic adjustment and contrast enemas
can facilitate the transformation of an occult leak into a clin-
ically relevant one [3, 7]. Therefore, subclinical AL was not
systematically diagnosed, which may underestimate the AL
rate. On the other hand, patients with derivative stoma were
excluded and, for this reason, subclinical ALs were probably
rare. As a consequence, nearly all the detected leaks required
a reoperation, representing nearly two-thirds of the indica-
tions for reoperation (Table 5). These figures are compara-
ble to those previously reported in population-based studies
[6, 19, 24, 25], with the only exception being the timing of
diagnosis of AL: in previous series based on open colorec-
tal resections [4], the mean time to AL diagnosis was after
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12.7 days, median POD 8, with 85% of AL diagnosis within
POD 21; in our series, mean was 5.9 days, median POD 5,
with 85% of AL diagnosis within POD 8 (Fig. 6); nearly all
AL cases were diagnosed by clinical signs and confirmed
by CT scan with i.v. contrast or contrast enema. We strongly
think that this finding is influenced by two factors: (1) the
study, as reported above, was designed to test clinical and
serological markers for AL diagnosis, and, therefore, this
could have called a particular attention to the issue of AL
diagnosis; (2) the high rate of minimally invasive resections
could have “shifted” earlier to the clinical appearance of AL.
Considering the raising penetration of enhanced recovery
programs (ERPs) in colorectal surgery [26-28], this finding
deserves particular attention. Median post-operative LOS in
this series (6 days) was lower than that (8 days) reported in
national database in 2016 [23]. Exclusion of diverting stoma
and ASA > III patients and of urgent cases may be the main
reason for this finding, the other being partial or full imple-
mentation of an ERP in four out of 19 participating centers
(374/1546 cases treated along an ERP with adherence vari-
able from 50 to 80%), also reflected in a significantly lower
mean post-operative LOS (Fig. 7).

In any case, this study confirms that AL remains a strong
negative determinant of early outcomes after colorectal
resection: it significantly increases the morbidity, mortal-
ity, readmission and reoperation rates, while significantly
prolonging post-operative LOS (Table 5). The iCral study
group is now moving towards thorough analysis of clinical
and biochemical markers and risk factors for AL diagnosis
as planned, while launching a new prospective study (iCral2)
designed to test AL rates against the adherence to ERPs.
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