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Abstract

Background: Anastomotic leak (AL) after gastrointestinal surgery is a serious postoperative com-
plication that leads to significant morbidity and mortality. Objective: To evaluate the role of se-
quential postoperative serum determinations of C-reactive protein (CRP) and Procalcitonin (PCT)
in the identification and prediction of anastomotic leakage after gastrointestinal surgery and to
describe the kinetics of PCT and CRP after surgery and their relative usefulness for the early de-
tection of anastomotic leaks after gastrointestinal surgery. Patients and Methods: This study is a
clinical prospective randomized observational analytical cross sectional study conducted in the
elective and emergency surgery theaters of the department of general surgery at Suez Canal uni-
versity hospital from Jan 2015 to Jan 2016 on 45 patients who underwent small bowel, colonic and
rectal surgery with resection and primary anastomosis. The data was collected by using a ques-
tionnaire and lab results. Results: In our study, 22.2% of study patients developed anastomotic
leakage, 48.9% of the studied population was between the ages of (46-60) (range 18-72 years),
and 62.2% of the study populations were female. Both biochemical markers were elevated in pa-
tients with anastomotic leakage at day2, 3 and 4 and showed slightly similar curves, percentages
but the upper hand was for PCT than CRP in the point of early detection and in the much more
sensitive and more specific. The Pearson correlation with fistula was more powerful for CRP than
for PCT. Conclusion: Patients with PCT greater than 0.65mg/dL and CRP greater than 21 mg/dL on
Day4, even in the absence of clinical signs, are not permitted to leave the hospital and a diagnos-
tic work-up for sepsis (lung, urinary tract, intra-abdominal, or wound) is actively pursued.
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Introduction according to the site of anastomosis within

the gastrointestinal tract. It is a serious
Anastomotic leak (AL) after gastrointesti- ~ complication after pancreatic surgery be-
nal surgery is a serious postoperative com-  cause dehiscence of anastomosis with au-
plication that leads to significant morbidity ~ todigestion and destruction of surround-
and mortality. The frequency and conse- ing tissue from leaking pancreatic juice is

quences of anastomotic failure vary  associated with a high mortality rate(".
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Dehiscence after colorectal anastomosis
increases the perioperative mortality rate
due to peritonitis and septicemia, and ad-
versely affects the late outcome in survi-
vors because of increased local recurrence
of carcinoma. Anastomotic leak may be
used as an indicator of the quality of surgi-
cal care(™). Anastomotic leakage is also re-
sponsible for delayed resumption of Gl
transit, pain, prolonged hospital stay and
increased costs. On the long term, it wors-
ens functional prognosis after rectal sur-
gery, promotes local recurrence and is a
prognostic factor for poor one-year sur-
vival in patients undergoing cancer sur-
gery®4). According to the report of the
French Association of Surgery, elective col-
orectal surgery in France has a mortality
rate of about 4% and an overall morbidity
of 35 %(5%). Anastomotic leakage is respon-
sible for many of these complications, and
accounts for one third of deaths(9'°), The
anastomotic leak rate varies from 1 to 40%
in various reports depending on the defini-
tion chosen(8™). Despite the increased un-
derstanding about risk factors for anasto-
motic leakage and improvement in surgical
technique, anastomotic leakage remains
an important complication and occurs
without obvious cause in some patients(".
According to Alves et al, the delayed diag-
nosis after Post-Operative Day 5(POD 5) of
anastomotic leakage is associated with a
mortality rate of 18%, but minimal morbid-
ity if diagnosed and treated before POD 5.
Early detection of this complication is es-
sential for timely institution of treatment,
making early distinctive markers useful®).
Early detection allows appropriate treat-
ment and less morbidity with a decreased
need for ostomy, and less deterioration in
the patients’ quality of life. Clinical exami-
nation is often nonspecific, and symptoms
of anastomotic leakage often develop
late(™), Since routine postoperative imag-
ing is not efficient, the use of serum mark-
ers of inflammation has been proposed to

aid in early detection of postoperative sep-
tic complications(+'), Thus, it has been
shown that a serum C-reactive protein
(CRP) greater than 12.5 mg/dL on the
fourth postoperative day is predictive of
septic complications. Moreover, fast track
surgery and early rehabilitation have be-
come standard in colorectal surgery with
hospital discharge by the fifth postopera-
tive day(7). Anastomotic leaks and their
consequences can occur well beyond that
time, so it is necessary to find a marker of
intra-abdominal infection with a high nega-
tive predictive value that allows safe hospi-
tal discharge with a low risk of re-admis-
sion(®), Procalcitonin (PCT) is an inflamma-
tory marker with a short half-life. It is fre-
quently used in the ICU as a prognostic
marker for serious infections and has been
used to evaluate the response to antibiotic
treatment. However, PCT has not been ad-
equately evaluated in the postoperative
period(923), It is possible that the rise in
PCT occurs earlier than that of CRP in bac-
terial infections(42%),

Patients and Methods

Study design

After approval of Ethics Committee of the
Faculty of Medicine, Suez Canal University,
this clinical prospective randomized study
conducted in the elective and emergency
surgery theaters of the department of gen-
eral surgery at Suez Canal university hospi-
tal from Jan 2015 to Jan 2016 on 45 patients
who underwent small bowel, colonic and
rectal surgery with resection and primary
anastomosis.

Patients and Methods

All patients were subjected to thorough
medical history and physical examination,
laboratory investigations to evaluate the
patients general condition including; com-
plete blood count, bleeding profile, elec-
trolytes, arterial blood gases, serum albu-
min random blood sugar, liver and kidney



32 CRP and PCT and the early detection of anastomotic leakage after GIT surgery

function tests, Serum CRP and PCT. Pelvi-
abdominal  ultrasonography, Pelvi-ab-
dominal computerized tomography with
double contrast, Other studies as barium
meal, enema, upper gastrointestinal en-
doscopy and colonoscopy if needed.

Pre-operative preparation

This included keeping the patient Nothing
Per Oral (NPO), Intravenous fluids, Intrave-
nous antibiotics, Mechanical preparation
eitherpolyethylene glycol electrolyte solu-
tion, laxatives (mineral oil, agar and phe-
nolphthalein),mannitol, enemas (water,
900 ml; glycerin, 100 ml), sodium picosul-
phate 10 mg, Bisacodyl (10 mg) + enemas,
and diets low and non-residue. For each pa-
tient, the following data was recorded: sur-
gical indication, For each intervention data
was recorded concerning the surgical ap-
proach (laparotomy or laparoscopy), un-
derlying pathology, type of resection (sub-
total gastrectomy with gastro-jejunos-
tomy, Roux en Y anastomosis, partial small
bowel resection with entero-enteric anas-
tomosis, right hemicolectomy, left hemi-
colectomy, total colectomy, anterior resec-
tion with colorectal anastomosis, procto-
colectomy with ileoanal anastomosis, and
hepaticojejunostomy anastomosis), char-
acteristics of the anastomosis (mechanical
or manual), presence or absence of drain.
Patients were examined daily to assess the
clinical condition (pain, fever, hemody-
namic status, abdominal examination, re-
turn of bowel function, and any wound dis-
charge, hemoglobin level). Serum CRP and
PCT was measured on the day prior to sur-
gery (Day 0) and on the first, second, third
and fourth postoperative days (Day 1, Day
2, Day 3 and Day 4)®%. Anastomotic leak-
age was diagnosed on the clinical signs of
peritonitis and/or clinical evidence of free
faecal fluid within the abdomen or emerg-
ing from the drain site. On clinical suspi-
cion, the diagnosis was confirmed by ab-
dominal and pelvic CT scan, using

intravenous and anorectal contrast. The
patients were allocated into two groups
according to the presence or absence of
anastomotic leakage: with anastomotic
leakage, without anastomotic leakage. The
two groups were compared according to
the following characteristics: gender and
average age of patients, underlying pathol-
ogy, planning of intervention (electives. ur-
gent), surgical approach (laparotomy vs.
laparoscopy), type of resection, mean hos-
pital stay, postoperative morbidity and
mortality, and mean values of serum CRP
and Procalcitonin in the pre-and postoper-
ative period. Serum CRP < 12 mg/L and se-
rum Procalcitonin<o.o5pug/L were consid-
ered normal values®®7?8), Inclusion criteria:
adults ranging from 18-60 years old, both
sexes included, Patients underwent elec-
tive or emergency gastrointestinal surgery
with resection and primary anastomosis at
the same setting while. Exclusion criteria:
Patients with active infection (respiratory
and urinary tract infection) before surgery
or an acquired infection in the postopera-
tive period other than leakage (respira-
tory, urinary tract and surgical wound in-
fection), Patients those received chemo-
therapy and radiotherapy, Patients on long
term corticosteroid therapy, Presence of a
defunctioning stoma. After taking the
blood samples, chemical analysis for all
samples were done at once and value for
each sample was recorded The blood sam-
ples (5cc of venous blood from peripheral
vein) were collected and the process of se-
rum separation were done by the re-
searcher in the hospital laboratory then
coded in the serum form and preserved in
the freezer of the blood bank (of the hos-
pital at -80°c temperature) till the time of
analysis by the specific kits using ELISA
analysis in the hospital laboratory by a
fixed laboratory technician. The disposable
laboratory materials (e.g. blood sample
tubes) used in the research will be brought
by the researcher(%), CRP was determined
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by immunonephelometry automated di-
mension Vista analyzer (Siemens, Erlan-
gen, Germany). PCT was determined by ho-
mogeneous phase sandwich ELISA analysis
(Brahms, Hennigsdorf, Germany)®%),

Statistical analysis

The process of data analysis was processed
and encoded, these codes were entered
into the computer through using statistical
package for social science SPSS version 16
(SPSS Inc., Chicago, IL, USA). Quantitative
data were expressed as means and stand-
ard deviation while qualitative data were
expressed as numbers and percentages.
Student t test were used to test signifi-
cance of difference for quantitative varia-
bles and Chi square were used to test sig-
nificance of difference for qualitative varia-
bles. p-value< 0.05 was considered statisti-
cally significant.

Results

In our study, 48.9% of the studied popula-
tion was between the ages of (46-60)
(range 18-72 years), 62.2% were female,
46.7% of the patients had single co morbid-
ity (table 1). 15.6% of our patients were me-
chanically prepared, 80% of patients were
operated laparotomy and 20% of them
were operated laparoscopically, 80% of
study patients were manually hand sewn.
While 17.7% of the study patients were sta-
pled, 2.2% were mixed, drains were used in
whole study patients, 20% of them were re
explored, the mean of hospital stay days
was 9.2 and the median was 7 days and it
was between 3 to 35 days. The mean and
the median value of serum albumin level of
study patients were 2.9 and it ranged from
2.1 to 3.9, the mean and the median value
of serum hemoglobin level of study pa-
tients were 11.4 and it ranged from 9 to 14.8
patients were died which represents 17.8%
(table 2 and 3). more sensitive and specific,
the area under the ROC curve were slightly

similar as at day 2, 3 it was more higher for
PCT than CRP 0.820, 0.959 for 0.819, 0.954
and at day 4, it was higher for CRP than PCT
0.979 for 0.959. Also, serum PCT level at
day 2 of 0.65 had sensitivity of 80% and
specificity of 66%. But serum CRP level at
day 2 of 27 had the same sensitivity but
more specific 80%. At day 3, 4 and serum
PCT levels of 0.7, 0.65 had 100% sensitivity
and 95% specificity while that of serum CRP
levels 24, 21 had lower sensitivity and spec-
ificity than PCT at day 3 as 90%, 89% and
equal sensitivity at day 4 as 100% and more
specific 98% (Figures 1, 2) In comparison be-
tween PCT and CRP in the point of early de-
tection, both markers were elevated in pa-
tients with anastomotic leakage at day2, 3
and 4 and showed slightly similar curves,
percentages but the upper hand was for
PCT than CRP in the point of early detec-
tion, higher sensitivity and specificity. The
Pearson correlation with fistula was more
powerful for CRP than for PCT (Figures 3-
6).

Discussion

According to age distribution of the study
population, 48.9% of the studied popula-
tion was between the ages of (46-60)
(range 18-72 years),The mean age of our
patients was 47.3 with standard deviation
11.02, while 50% of patients developed leak-
age was between the same age group and
it’s considered 11.1% of the whole patients.
While in a pilot study conducted in France
at the Digestive Surgery and Oncology Ser-
vice, CHU de Dijon by Lagouttea, there
were 100 patients with a mean age of 64
and a median age of 63 (range 20—87
years)®) where the median age for the pa-
tients in a study in Belgradeat Zvezdara
University Clinical Centre by Scepanovic
was 65839, While in a prospective study
done in department of surgical oncology
and colorectal surgery in poland and UK by
Zawadzki, on 55 patients, the mean age
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was 66.1£11.26°, The mean age of non-
leakage group in the study of Almeida, de-
partment of general surgery of Centrohos-
pitalar de saojoao, Portugal, was 65.5
years, while in the leakage group was 69.5

Table 1: Demographic data and its relation
to the anastomotic leakage

LEAK
Variables Total|Percent
No|Yes
Age groups (Yrs.)
e 1830 310 3 6.7
® 3145 12| 4 | 16 | 35.6
e 46-60 1715 | 22 48.9
e >60 3111 4 8.9
Gender
e Male 1512 | 17 37.8
e Female |20] 8 | 28 62.2
e Total 35|10 | 45 100

Table 4: Distribution of hemoglobin and
albumin serum level characteristics

Albumin |Hemoglobin
Mean 2.913333E0 11.49
Median 2.900000E0 11.00
Std. Deviation| .4424108 1.308
Minimum 2.1000 9
Maximum 3.9000 14

While in the pilot study conducted at the
Digestive Surgery and Oncology Service,
CHU de Dijon by Lagouttea, 58 were men
and 42 werewomen (9, And it was 57.1%
males and 42.9% women in Scepanovic
study(®9). While in Zawadzki study, 37 pa-
tients were males (67.3%) and 18 patients
were females (32.7%)3°. In the study of Al-
meida, 88 (50.8%) of patients were males
and 30 (49.2%) were females®?). Only 15.6%
of our patients were mechanically pre-
pared, 90% of patients developed leakage
were not prepared. All patients in
Lagouttea study, Scepanovic and Zawadzki
study were mechanically prepared as these

years®?), In this study, 62.2% of the study
populations were female, and 80% of pa-
tients who developed leakage were also
female (17.7% of the total population).

Table 2: Surgical data characteristics and
its relation to the anastomotic leakage

LEAK
No|Yes

Variables Total|Percent

Approach
e Laparoscopic
e Laparotomy

712] 9 20
28| 8 | 36 80
35/10| 45 | 100

e Total
Repair 6|2 8 17.8
e Mechanical '
e Manual 28| 8 | 36 80
Both 1|0 1 2.2
[ ]
° 35/10| 45 | 100
e Total

studies were on elective cases(6293°), Re-
garding the surgical technique of the oper-
ation, 80% of our patients were operated
with laparotomy and 20% were operated
laparoscopically, and 80% of patients devel-
oped leakages were operated laparotomy.
While in the pilot study at Dijon by
Lagouttea, there were 65% of patients op-
erated laparotomy and 35% operated lapa-
roscopically®®), All patients in the study of
Scepanovic were operated with laparot-
omy®9), But at Zawadzki study, 29 patients
(52.7%) underwent a robotic surgery while
the others (26 patients, 47.3%) underwent
open surgeryG°). In the study of Almeida,
there were 31 (17.9%) patients were oper-
ated laparoscopically, one of them had de-
veloped leakage, while the others (142
(82.1%) patients) were operated laparot-
omy, 23 patients of them had developed
leakage®®). In our study, 17.8% of patients
suffered from perforated peptic, 15.6% of
patients suffered from morbid obesity,
2.2% with esophageal cancer,6.7% with can-
cer stomach, 4.4% with periampullary can-
cer, 6.7% cancer head of pancreas, 2.2%
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with cholangiocarcinoma,8.9% with MVO,
4.4% with strangulated small bowel in her-
nia, 4.4% with cancer caecum, 2.2% with
splenic flexure mass, 2.2% with recto sig-
moid mass, 4.4% with cancer rectum, 4.4%
with closure of colostomy, 2.2% with sig-
moid volvulus 8.9% with ligated CBD post
cholecystectomy, 2.2% with hepatic flexure
mass. while 20% of patients developed
leakage accounted for cancer head of pan-
creas, mesenteric vascular occlusion, mor-
bid obesity and 10% of them accounted for
stomach cancer, strangulated small bowel
in Para umbilical hernia, cancer caecum,
closure of Hartman's colostomy post recto
sigmoid mass. While in the pilot study of

Lagouttea, there was Cancer (52 patients):
2 rectum, 14 left colon, 16right colon, 1
transverse colon. Diverticulitis (17 pa-
tients). Benign colon tumor (3 patients).
Re-anastomosis (8 patients). Others:
polyps unresectable by endoscopy (7 pa-
tients), solitary ulcer (1 patient), rectal vil-
lous adenoma (1 patient),ileo-cecal stric-
ture (2 patients), familial adenomatous
polyposis (2 patients), anastomotic stric-
ture (3 patients), migration of prosthetic
material into the rectum (2 patients), is-
chemic stricture (1 patient), colonic metas-
tasis from melanoma (1 patient)©®). While
it was 96.8% carcinoma in the study of Bel-
grade and was 3.2% IBD®9).
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Variable(s) Area|Cutoff|Sensitivity |Specificity Variable(s) p
PCTDo .461| 0.02 40 49 CRPDo 483 3 60 40
PCTD1 .651| 0.65 60 60 CRPD1 -640| 21 60 55
PCTD2 .820| 0.65 80 66 CRPD2 819 27 80 80
PCTD3 .959| 0.7 100 95 CRPD3 -954| 24 90 89
PCTD4 .959| 0.65 100 95 CRPD4 .979| 21 100 98

Figure 1: serum PCT level and characteristics
for prediction of anastomotic leakage.

Figure 2: Serum CRP levels and characteristics for
prediction of anastomotic leakage.

All patients in Zawadzki study were cancer
colonB, In the study of Almeida, there
were 129 (74.5%) patients had cancer colon,
17 patients of them developed leakage, 8

(4.6%) patients had IBD, 2 patients of them
developed leakage, 4 (2.3%) patients had
diverticular disease, 32 (18.4%) patients had
other pathologies, 5 patients of them
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developed leakage®). In our study, 80% of
our patients were manually hand sewn, 10%
developed leakage. While 17.7% of our pa-
tients were stapled, 25% of them devel-
oped leakage and one patient with esoph-
ageal cancer was repaired mechanically for
construction of gastric tube and manually
for esophagogastric anastomosis. While
Lagouttea and Belgrade there were 16%
protective ileostomy (in our study there
were on protective stoma), 57% stapled

anastomoses®), And it was 75% hand sewn
versus 25% mechanical in the study of
Scepanovic(29), While in Zawadzki study, 29
patients (52.7%) were stapled and 26 pa-
tients (47.3%) were hand sewn(°, Drains
were used in whole study patients while it
was 62% in the pilot study of Lagouttea®®).
We found that 22.2% of our patients devel-
oped anastomotic leakage, 20% of them
were re-explored. While it was 13% of pa-
tients included in pilot study done at Dijon

anastomoses, and 43% hand-sewn by Lagouttea(®.
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Figure 3: Median serum PCT levels at Do, D1, D2,
D3, and D4 characteristics in non-anastomotic leak

Figure 4: median serum PCT levels at Do, D1, D2,
D3, and D4 characteristics in anastomotic leak
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Figure 5: median serum CRP levels at Do, D1, D2, D3,

and D4 characteristics in non-anastomotic leak

And it was 9.6% at the study done in Bel-
grade at Zvezdara University Clinical Cen-
tre by Scepanovic®?9. Also, it was 9.1% (5 pa-
tients) at the study of Zawadzki and all of
them were reexplored°. In the study of
Almeida, there were 24 (13.8) patients de-
veloped leakage, 21 of them had been re
explored®). The mean of hospital stay
days was 9.2 and the median was 7 days
and it was between 3 to 35 days. At

200
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DO | D1 | D2 | D3 | D4

e Seriesl| 6 27 | 51 | 81 | 162

Figure 6: median serum CRP levels at Do, D1, D2,
D3, and D4 characteristics in anastomotic leak

Lagouttea study, the average length of
stay was 12.5+9.8days (range: 4-55
days)®). While at Zawadzki study, the
mean hospital stays in non AL was 5.9 1.6,
but in AL patients were 6.7 3.2 days G°. In
the study of Almeida, the mean hospital
stay in non AL was 11.7 days, but in AL pa-
tients was 29.5 days(®”). The mean and the
median value of serum albumin level of
study patients were 2.9 and it ranged from
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2.1to 3.9. The mean and the median value
of serum hemoglobin level of study pa-
tients were 11.4 and it ranged from 9 to 14.
In this study 8 patients were died which
represents 17.8%, 50% of them had devel-
oped anastomotic leakage. At Lagouttea
study, 2 patients died which represents 2
%%), While 3 patients died in the study of
Scepanovic Belgrade which represents 1.9
%9). And no one died in Zawadzki study3°).
According to the values of serum PCT lev-
els, the median of Do, D1, D2, D3, and D4
were 0.3, 0.6, 0.6, 0.3 and 0.2 accordingly
in the patients whom didn’t develop anas-
tomotic leakage. While those who develop
anastomotic leakage were 10 (22.2%) pa-
tients as follow 0.2, 0.75, 0.8, 1 and 1.45. At
Lagouttea study, the values of serum PCT
levels, the median of Do, D1, D2, D3, and D4
were 0.007, 0.062, 0.081, 0.063 and 0.045
in the patients whom didn’t develop anas-
tomotic leakage. While those who develop
anastomotic leakage were 13 (13%) patients
as follow 0.013, 0.163, 0.134, 0.111 and
0.026(0), At Zawadzki study, serum PCT
were measured prior to surgery, 8 h after
the incision, on the first and third postop-
erative day (0, +8 h, POD 1, POD 3) and the
values of median serum PCT levels were
0.05, 0.07, 0.72 and 0.22 in the patients
whom didn't develop anastomotic leak-
age. While those who develop anasto-
motic leakage were 5 (9.1%) patients as fol-
low 0.05, 0.05, 3.3 and 4.880G°). This study
showed that serum PCT level of 0.02 at day
0 has no much significance in prediction of
anastomotic leakage, sensitivity 40% and
specificity 49% as well the serum PCT level
of 0.65 at day 1 has no much significance,
sensitivity 60% and specificity 60%.This dif-
fers from day 2 as the sensitivity increased
up to 80% with specificity 66% at the serum
PCT level value of 0.65, also at value of 0.75
sensitivity was 60% and specificity was 31%
as the area under ROC curve increased
0.820 which showed a high significance for
prediction of anastomotic leakage. While

at day 3 and day 4 at the serum PCT level
values of 0.7, 0.65, the sensitivity was 100%
with specificity 95% and the area under
ROC curve increased up to 0.959 which
showed a very high significance for predic-
tion of anastomotic leakage. The mean val-
ues of serum PCT levels increased on POD
1 and 3in all patients, but the rise of PCT
was significantly higher among the pa-
tients with AL only on POD 3.The mean PCT
on POD 1 was 2.0 ng/ml in non-AL and 3.8
ng/ml in AL patients, whereas on POD 3 it
was 0.56 ng/ml and 10.4 ng/ml, respec-
tivelyB). Analysis of ROC curves showed
that PCT on POD 3 had AUC ofo.30. A cut-
off value for PCT on POD 3 was calculated
at the level 0f3.26 ng/ml with 75% sensitiv-
ity and 100% specificity for ALG. According
to the values of serum CRP levels, the me-
dian of Do, D1, D2, D3, and D4 were 6, 18,
18, 12 and 12 in the patients whom didn't
develop anastomotic leakage. While those
who develop anastomotic leakage were 10
(22.2%) patients as follow 6, 27, 51, 81 and
162. At Lagouttea study, the values of se-
rum CRP levels, the median of Do, D1, D2,
D3, and D4 were 0.47, 12.4, 15.2, 11.30 and
8.5 in the patients whom didn't develop
anastomotic leakage. While those who de-
velop anastomotic leakage were 13 (13%)
patients as follow 2.33, 15.5, 22.1, 23.05 and
20.8(0), At Zawadzki study, serum CRP
were measured prior to surgery, 8 h after
the incision, on the first and third postop-
erative day (0, +8 h, POD 1, POD 3) and the
values of median serum CRP levels were
4.3, 6.14, 108.31 and 105,26 in the patients
whom did not develop anastomotic leak-
age. While those who develop anasto-
motic leakage were 5 (9.1%) patients as fol-
low 1.69, 4.4, 133.5 and 299.61 3%, In the
study of Almeida, serum CRP were meas-
ured preoperative and post-operative up
to the gth day post-surgery. The values of
mean serum CRP levels were1s, 98, 132,
105, 69, 40, 40, 29, 49 and 36 in the patients
whom didn't had leakage. While those who
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develop anastomotic leakage were 24
(13.8%) patients as follow 22, 116, 187, 201,
129, 162, 178, 201, 209 and 174 respec-
tively®). This study showed that serum
CRP level of 3 at day 0 has no much signifi-
cance in prediction of anastomotic leak-
age, sensitivity 60% and specificity 40% as
well the serum CRP level of 21 at day 1 has
no much significance, sensitivity 60% and
specificity 55%. This differs from day 2 as
the sensitivity increased up to 80% with
specificity 80% at the serum CRP level value
of 27as the area under ROC curve increased
0.819 which showed a high significance for
prediction of anastomotic leakage. While
at day 3 and day 4 at the serum CRP level
values of 24,21 the sensitivity was 90%, 100%
with specificity 89%, 98%and the area under
ROC curve increased up to 0.954, 0.979
which showed a very high significance for
prediction of anastomotic leakage. In the
study of Belgrade by Scepanovic, POD 2,
mean serum CRP was 187 mg/L in leak
group and132 mg/L in non leak group. On
POD 3, those values were201 mg/L in leak
group and 105 mg/L in non-leak group.
Based on the evaluation of the ROC curves,
a cut-off value of140 mg/L on POD 3 max-
imized the sensitivity (78%) and specificity
(31%) of serum CRP in predicting the risk of
leakage®9. The mean value of CRP in-
creased on POD 1and POD 3 in all patients.
The peak of CRP was significantly higher in
the AL group only on POD 3. On the third
postoperative day the mean values of CRP
were 114 mg/l in non-AL patients and 321
mg/L in Al patientsG%. Analysis of ROC
curves showed that CRP on POD 3had AUC
of 0.996. A cut-off value for CRP on POD 3
was calculated at the level of 245.64 mg]l,
which resulted in100% sensitivity and 98%
specificity of ALG). There was no statisti-
cally significant difference in preoperative
CRP between the non leakage and leakage
group. In the postoperative period, how-
ever, it was clearly observed that from POD
2 onwards, the values of serum CRP were

significantly higher in leakage group. In
non-leakage group, mean serum CRP
reached a peak on POD 2, followed by a
rapid decline thereafter. On POD 2, mean
serum CRP was 187 mg/L in leakage group
and132 mg/L in non leakage group. On POD
3, those values were201 mg/L in leakage
group and 105 mg/L in non leakage group.
Based on the evaluation of the ROC curves
a cut-off value of140 mg/L on POD 3 max-
imized the sensitivity (78%) and specificity
(31%) of serum CRP in predicting the risk of
leakage®?). In comparison between PCT
and CRP in the point of early detection and
the much more sensitive and specific, the
area under the ROC curve were slightly
similar as at day 2, 3 it was more higher for
PCT than CRP 0.820, 0.959 for 0.819, 0.954
and at day 4, it was higher for CRP than PCT
0.979 for 0.959. Also, serum PCT level at
day 2 of 0.65 had sensitivity of 80% and
specificity of 66%. But serum CRP level at
day 2 of 27 had the same sensitivity but
more specific 80%. At day 3, 4 and serum
PCT levels of 0.7, 0.65 had 100% sensitivity
and 95% specificity while that of serum CRP
levels 24, 21 had lower sensitivity and spec-
ificity than PCT at day 3 as 90%, 89% and
equal sensitivity at day 4 as 100% and more
specific 98%. Indeed, both of the biochemi-
cal markers were elevated in patients with
anastomotic leakage at day2, 3 and 4 and
showed slightly similar curves, percent-
ages but the upper hand is for PCT than
CRP in the point of early detection and in
the much more sensitive and more spe-
cific. At Lagouttea study, the area under
the ROC curve for CRP was higher than
that for PCT on Days 2, 3, and 4 as follow
0.711, 0.801 and 0.319 for 0.659, .674 and
0.750.Byanalysis of ROC curves for each
marker on each day, sensitivity thresholds
were established. At a threshold of 13.0
mg/dL, CRP had sensitivity and specificity
of 80%. With a threshold 0f0.068 mg/dL,
PCT had a sensitivity and specificity of
70%(maximum sensitivity obtained with



Elkerkary MA et al.

39

the PCT)%).Comparison of ROC curves for
Belgrade patients was Day 3, Day 5, and
Day 7 with respective area under the curve
values of 0.738, 0.756 and 0.827(29). The
Pearson correlation with fistula was more
powerful for CRP than for PCT in our study
and in the study of Dijon. Thus, a patient
with a PCT greater than 0.65mg/dL and
CRP greater than 21 mg/dL on Day4, even
in the absence of clinical signs, is not per-
mitted to leave the service and a diagnostic
work-up for sepsis (lung, urinary tract, in-
traabdominal, or wound) is actively pur-
sued. While in Lagouttea study it was PCT
greater than 0.1 mg/dL and CRP greater
than 12.5 mg/dL. And it was on day 3, a cut-
off value of CRP 135 mg/l was associated
with the development of AL, providing a
sensitivity of 73 % and specificity of 73 %.on
Day 7, a cutoff value of CRP 30 mg/l was as-
sociated with development of AL, provid-
ing a sensitivity of80 % and specificity of 90
%, and a high diagnostic accuracy®®.

Conclusion

Patients with PCT greater than 0.65mg/dL
and CRP greater than 21 mg/dL on day4,
even in the absence of clinical signs, should
not leave the hospital and a diagnostic
work-up for sepsis (lung, urinary tract, in-
tra-abdominal, or wound) should be ac-
tively pursued.
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