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ABSTRACT

INTRODUCTION

Postoperative complications frequently follow major abdominal
surgery and are associated with increased morbidity and mortality.
Early diagnosis and treatment of complications is associated with
improved patient outcome. In this study we assessed the value
of a step-up diagnosis plan by C-reactive protein and CT-scan
(computed tomography-scan) imaging for detection of postoperative
complications following major abdominal surgery.
An observational cohort study was conducted of 399 consecutive
patients undergoing major abdominal surgery between January
2009 and January 2011. Indication for operation, type of surgery,
postoperative morbidity, complications according to the ClavienDindo classification and mortality were recorded. Clinical parameters
were recorded until 14 days postoperatively or until discharge.
Regular C-reactive protein (CPR) measurements in peripheral blood
and on indication –enhanced CT-scans were performed.
Eighty-three out of 399 (20.6 %) patients developed a major
complication in the postoperative course after a median of
seven days (IQR 4-9 days). One hundred and thirty two patients
received additional examination consisting of enhanced CT-scan
imaging, and treatment by surgical reintervention or intensive care
observation. CRP levels were significantly higher in patients with
postoperative complications. On the second postoperative day
CRP levels were on average 197.4 mg/L in the uncomplicated
group, 220.9 mg/L in patients with a minor complication and
280.1 mg/L in patients with major complications (p < 0,001).
CT-scan imaging showed a sensitivity of 91.7 % and specificity
of 100 % in diagnosis of major complications. Based on clinical
deterioration and the increase of CRP, an additional enhanced
CT-scan offered clear discrimination between patients with major
abdominal complications and uncomplicated patients. Adequate
treatment could then be accomplished.

Over the past decades, the medical care for patients
undergoing major abdominal surgery has improved significantly with the use of minimally invasive surgical techniques and the Fast Track peroperative care (1). Nevertheless, postoperative complication rates remain high, with a
reported incidence of up to 40 % (2). Severe complications
which require invasive treatment, such as anastomotic
leakage, are reported in up to 19 % of patients, and are
associated with increased morbidity and mortality (2,3).
Recent studies show a median time of eight days to clinical
diagnosis of a complicated postoperative course (3-6). This
is especially interesting in the light of Fast-Track care,
where patients are discharged early after surgery.
In surgical practice, C-reactive protein (CRP) is used
to monitor the postoperative inflammatory phase (4,7,8).
CRP levels are deemed valuable in the assessment of grade
of inflammation and allow for assessment of the effect of
treatment, especially since the levels of CRP are determined only by their rate of synthesis (9). Several studies
have addressed the use of CRP in diagnosis of postoperative complications (4,10-15). Statistical differences are
reported between uneventful and complicated cases from
as early as the second postoperative day, whilst most complications are diagnosed after a median of seven days (5).
Computed tomography (CT) is currently the most readily available imaging in the work-up of major complications (16-18). Moreover, in the study conducted by Eckmann et al., CT-scan imaging showed a sensitivity of 97 %
(19). Another recent study established CT-scan imaging as
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the preferred modality in diagnosis of anastomotic leakage
(20). In the study here presented, we assessed the value of
clinical parameters and hypothesize a step up diagnosis
plan by CRP and CT-scanning in the diagnosis and treatment of postoperative complications after major abdominal
surgery.
MATERIALS AND METHODS
Study design
An observational cohort study was conducted of
399 patients undergoing major abdominal surgery in the
VU medical centre, Amsterdam between January 2009 and
January 2011, with a follow-up of 30 days after admission.
Major abdominal surgery was defined as all digestive
resections with reconstruction via primary anastomosis and/or ostomy. For instance, cholecystectomy is not
included since no anastomosis or ostomy is performed.
Upper GI resections included oesophageal and gastric
resections, HPB resections included pancreaticoduodenectomy, partial hepatectomy with anastomosis and duodenectomy, colorectal resections included all small bowel and
colon resections with anastomosis and/or ostomy. Both
laparoscopic and open procedures, acute and elective performed and malignant and benign diseases were included.
Recorded clinical parameters included indication for
operation, type of surgery, duration of surgery, blood loss,
clinical parameters, performed CT-scans, complications
according to Clavien-Dindo classification and mortality. All
parameters were recorded up until the 14th postoperative day,
or until discharge, as available. According to local protocol
CRP levels and white blood cells (WBC) were determined at
the second or third postoperative day (POD) and on demand
thereafter. Clinical deterioration, defined as all deviations
in vital signs (heart rate, respiratory rate, blood pressure,
saturation and temperature) and abdominal findings upon
physical examination, such as abdominal tenderness and ileus, and an increase in CRP around 200 mg/L, measured the
2nd or 3rd postoperative day, implicated additional examinations, generally consisting of an enhanced double contrast
CT-scan, to assess complications. CT-scans were performed
in a Philips 256 slice Brilliance iCT-scanner®, with intravenous contrast and oral and/or rectal contrast.
Since it is particularly important to distinguish complications that require surgical, endoscopic or radiological interventions, complications were scored according
to a modified Clavien-Dindo classification in two groups
(21,22). Group I consisted of grade I and grade II complications and are classified as “minor complications”; while
group II consisted of grade III, IV and V complications,
and are classified as “major complications”.
All patients received perioperative prophylactic intravenous antibiotics and thromboprophylaxis according to
local protocol. Treatments of the major complications were
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classified as reoperations, radiological interventions such
as percutaneous drainage and intensive care admission.
Statistical analysis
Statistical analysis was conducted in SPSS version
19.0 (SPSS Inc. Chicago, IL, USA). Continuous variables
with normal distributions were presented as means and
standard deviations. Medians and interquartile ranges were
used as central tendency for continuous variables with
non-normal distributions. Categorical data were expressed
with percentage frequencies. Comparison for CRP levels
between uncomplicated, minor and major complicated
patients was calculated with ANOVA (analysis of variance)
tests. Effects between two groups were further examined
with a Student’s t-test. A value of p < 0.05 was considered
statistically significant. c2-test and McNemar analysis were
used for comparing categorical variables as appropriate.
The conduct of enhanced CT-scanning was registered
regarding indication for scanning, outcome and whether
a scan-outcome was an indication to start an intervention.
This study was assessed and approved by the medical ethics committee of the VU Medical Centre.
RESULTS
Among 399 patients, seventy-four (18.5 %) had surgery
of the upper gastro-intestinal tract (upper GI), ninety-one
(22.8 %) cases had hepato-pancreatico-billiary surgery
(HPB) and two hundred-and thirty-four patients (58.6 %)
had colorectal surgery.
One-hundred-forty-two patients (35.6 %) suffered a
complicated postoperative course. Fifty-nine patients
(14.8 %) had minor complications, requiring maximally
conservative treatment such as medication or wound infections drained at the bedside. Eighty-three patients (20.8 %)
experienced a major complication that required invasive
treatment or even intensive care admission. Characteristics
of patients with uncomplicated, minor or major complicated postoperative course are depicted in table I.
Clinical parameters
Clinical parameters included measurements of heart rate,
blood pressure, temperature and abdominal findings such
as pain measured with visual analogue scale (VAS) and
time to passage of first stool. There were no statistically
significant differences between uncomplicated, minor or
major complicated patients concerning blood pressure (p >
0.074) or temperature (p > 0.242) or reported VAS-scores
(p > 0.05). Heart rate showed statistically significant differences between patients with major complications and those
with uncomplicated and minor complications from as early
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Table I. Baseline characteristics of patients with an uncomplicated, minor, or major complicated postoperative course
Parameter

Uncomplicated

Minor complication

Major complication

Total

Patients (n)

258 (64.7 %)

59 (14.8 %)

83 (20.6 %)

399

Gender
Male
Female

148 (57.6 %)
109 (42.2 %)

38 (64.4 %)
21 (35.6 %)

49 (59 %)
34 (20.7 %)

235 (58.9 %)
164 (41.1%)

0.639

Age, years (mean ± SD)

58.7 ± 15.6

66.2 ± 15

60.4 ± 14.7

60.2 ± 15.5

0.003

ASA score (mean ± SD)

1.1 ± 0.6

1 ± 0.6

1.3 ± 0.8

1.1 ± 0.7

0.005

Body mass index (BMI)

25.3 ± 5.7

24.9 ± 4.3

24.9 ± 4.7

25.1 ± 5.3

0.832

Operation type
Upper GI
HPB
Lower GI

35 (47.3 %)
69 (75.8 %)
153 (65.4 %)

13 (17.6 %)
10 (11 %)
36 (15.4 %)

26 (35.1 %)
12 (13.2 %)
45 (19.2 %)

74 (18.5 %)
92 (22.8 %)
234 (58.6 %)

0.002

Indication
Elective
Acute
Malignant
Benign

215 (65.5 %)
42 (59.2 %)
174 (68 %)
82 (32 %)

48 (14.6 %)
11 (15.5 %)
43 (74.1 %)
15 (25.9 %)

65 (19.8 %)
18 (25.4 %)
55 (66.3 %)
28 (33.7 %)

328 (82.2 %)
71 (17.8 %)
274 (68.7 %)
125 (31.3 %)

Epidural anesthesia

153 (66.2 %)

29 (12.6 %)

49 (21.2 %)

231 (57.9 %)

0.221

Operation access
Laparotomy
Laparoscopy
Conversion

155 (60.3 %)
90 (35 %)
12 (4.7 %)

36 (61 %)
17 (28.8 %)
6 (10.2 %)

57 (68.7 %)
22 (26.5 %)
4 (18.2 %)

248 (62.2 %)
129 (28.6 %)
22 (4.8 %)

0.368

Anastomosis

154 (60.2 %)

43 (16.8 %)

59 (23 %)

256 (64.2 %)

0.058

Ostomy

47 (43.6 %)

14 (17.5 %)

19 (23.8 %)

80 (20.1 %)

0.341

17 (63 %)

6 (22.2 %)

4 (14.8 %)

27 (6.8 %)

0.12

Drain

102 (54.8 %)

28 (15.1 %)

56 (30.1 %)

186 (46.6 %)

< 0.001

Duration of surgery (min ± SD)

210.3 ± 150

226.3 ± 91

234.1 ± 95

217.6 ± 132.7

0.358

Operative blood loss (ml ± SD)

199. 4 ± 333

291.9 ± 452

611.2 ± 951

295.7 ± 554

< 0.001

9.7 ± 5.1

17.8 ± 15.2

35 ± 36.7

16.1 ± 20.7

< 0.001

2.7 ± 3

10.2 ± 19.2

17 ± 22.3

11.3 ± 18.8

0.003

0

0

14 (3.5 %)

14 (3.5 %)

< 0.001

Protective ostomy

Hospital stay (days ± SD)
Intensive Care stay
Mortality

as the first postoperative day (84 beats per minute, bpm)
in uncomplicated and minor complications and 90 bpm in
patients with a major complication, p = 0.034). Differences
in heart rate between the three groups are seen up until postoperative day 5. Figure 1 depicts average measured heart
rates and associated p-values. Failure to pass first stool by
the third postoperative day was also associated with major
complications (p = 0.001). Further analysis of patients who
had not passed a first stool by the third postoperative day
showed a sensitivity of 69.1 % and specificity of 54.2 %.
Laboratory testing
Blood samples were collected the second or third day
postoperatively and thereafter on demand in patients who
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p-value

0.533
0.63

did not show clinical progression to recovery or showed
clinical deterioration. White blood cells (p > 0.087) and
creatinine (p > 0.115) did not show statistically significant
differences between patients having major, or uncomplicated, or minor complications. Average haemoglobin significantly decreased in patients with major complications
from the first postoperative day. All average haemoglobin
levels were within the normal range (7.5-10.0 mmol/L).
CRP levels showed significant differences between uncomplicated, minor and major complicated patients from as
early as the second postoperative day (average CRP levels
on POD2 were 196 ± 101 mg/L in uncomplicated cases,
221 ± 122 mg/L in patients with minor complications and
282 ± 95 in patients with major complications), as displayed in figure 2. Average CRP levels on postoperative
day two and three were significant between the groups
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Fig. 1. Postoperative average measured heart rate in bpm (beats per
minute) in patients with an uncomplicated, minor or major complicated
postoperative course.

Fig. 2. Average CRP (C-reactive protein) levels (mg/L) in patients with an
uncomplicated, minor or major complicated postoperative course.

and persist up until sixth postoperative day (p < 0.001).
No statistically significant differences were observed in
postoperative CRP levels between upper GI, HPB and colorectal surgery (POD2: Average CRP levels in upper GI
201 ± 97 mg/L, in HPB 190 ± 95 mg/L and in colorectal
234 ± 114 mg/L, p = 0.064; POD3: CRP levels in upper GI
186 ± 78 mg/L, in HPB 175 ± 90 mg/L and in colorectal
199 ± 111 mg/L, p = 0,406, all p > 0.05 on further postoperative days). Similar results hold for postoperative CRP
levels in laparoscopic and open resections (POD2: average
CRP levels in open surgery 226 ± 106 mg/L versus 211 ±
119 mg/L in laparoscopic surgery, p = 0.418; POD3: 198 ±
106 in open surgery versus 181 ± 98 mg/L in laparoscopic
surgery, p = 0.320; all p > 0.05 on further postoperative
days). CRP levels in patients requiring an acute operation
CRP levels were higher on POD1 (144 ± 102 mg/L in acute
surgery versus 107 ± 56 in elective surgery, p = 0.034).
However, from POD2 onwards no statistically significant
differences were observed (POD2 average CRP in acute
surgery 248 ± 117 mg/L versus 211 ± 106 mg/L in elective
surgery, p = 0.061, all p > 0.05 from POD2 onwards).

extra-luminal air was still present, another four patients
showed minor fluid collections and in one patient a combination of air and minor fluid. Treatment in these cases
was expectative and all patients recovered uneventful.
Therefore, no false-positive CT-scans were reported and
specificity was calculated at 100 %.
In twenty-two patients out of 59 with minor complications (Clavien-Dindo, grades I and II) a CT-scan was
performed (37.3 %) due to clinical deterioration (n = 12),
ileus (n = 5), increased levels of CRP (n = 3) or both clinical deterioration and increasing CRP (n = 2). In fifteen
patients, CT-scans did not show abnormalities; the complications in these patients were of extra-abdominal origin
such as a wound infection in four patients and pneumonia
in eight patients. In the other two patients postoperative
course was complicated by pneumonia and a wound infection. One patient suffered from both a wound infection and
atrial fibrillation. Seven patients did have abnormalities
upon CT-scan imaging. Four CT-scans showed signs of
intestinal paralysis, treated conservatively; the other two
showed bilateral pneumonia in lower lobes, consequently
treated with antibiotics and in the last CT-scan a subcutaneous wound infection was seen, which was treated with
drainage at the bedside.
Thirty-seven out of 59 patients with a minor complication (Clavien-Dindo grades 1 and 2) did not receive
CT-scan imaging. Seventeen of these patients had wound
infections consequently drained and the other eight patients
had a urinary infection. In another 12 patients pneumonia
was diagnosed and other two had both pneumonia and palpitations due to atrial fibrillation.
Sixty-one out of 83 patients with a major complication underwent CT-scan imaging (73 %) due to clinical
deterioration (n = 34), increasing CRP levels (n = 13) or

CT-scan imaging
Based on clinical deterioration and increased CRP,
two-hundred-and-twenty CT-scans were performed in
110 patients. In twenty-seven out of 258 uncomplicated
patients a postoperative CT scan was performed (10.6 %)
due to clinical deterioration (n = 15) or increasing levels
of CRP (n = 9) or both (n = 3). In twelve of these patients
CT-scan imaging was considered as normal whereas in the
other fifteen patients CT-scans showed abnormalities diagnosed as physiological effects of surgery. In ten patients
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both (n = 11) or due to persistent intestinal paralysis (n
= 3). Based on the outcome of the CT-scan, thirty-eight
patients underwent a reoperation; another twenty patients
were treated by percutaneous drainage and in ten patients
CT scan was considered as normal. Findings during reoperation were: Twenty patients had an anastomotic leakage
with peritonitis, being other thirteen patients reoperated
because of abdominal abscesses with intact anastomosis.
Two other patients were operated because of small bowel
perforation (one perforation of the jejunum and other in
the ileum), another two patients because of internal herniation through the diaphragm after oesophageal resection for
cancer and the last patient because of postoperative bleeding from the left epigastric artery. Another twenty patients
were treated by percutaneous drainage for abscesses (fifteen patients), controlled anastomotic leak with abscess
in four and the last patient because of lesion of the left
ureter with urinoma. Three patients were admitted to an
Intensive Care Unit due to respiratory insufficiency due
to pneumonia.
In ten patients CT-scans did not show any abnormalities.
In five patients, the major complications were finally diagnosed as extra-abdominal origin such as severe pneumonia
in three patients and pneumonia combined with pneumothorax in other two patients, requiring admission on the
intensive care. In the other five patients the CT-scan was
false negative, these patients suffered from anastomotic
leakage (2), intraabdominal abscess (2) and jejunum perforation in the last patient, which significantly delayed diagnosis with a median of seven days (14 days (range 7-23, p
= 0.043) whereas in patients with a true positive CT-scan,
median of 7 days (range 0-41). The overall sensitivity of
the CT-scan is estimated 91.7 % for major complications
with a negative predictive value of 90.7 %.
Twenty-two patients with a major complication were
directly reoperated because of different reasons. Nine
patients were reoperated because of clinical instability and
generalized peritonitis. During reoperation four patients
had an anastomotic leak, three patients an intestinal perforation (all jejunum), one patient an abscess with no signs

of leakage and the last one had a postoperative bleeding of
the superior mesenteric artery with hemodynamic shock.
Four patients were operated without CT-scan because
of clinically evident diagnosis: Three had dehiscence of
abdominal wall and other patient had deep necrosis of
the colostomy. Another four patients were admitted to the
intensive care unit because of respiratory insufficiency
with pneumonia. Five patients died before a CT-scan was
performed; three due to respiratory insufficiency due to
pneumonia and two patients because of sepsis with multiple organ failure. An overview of these patients is depicted
in table II.
Mortality
Overall mortality was 3.5 % (fourteen patients). After
upper GI surgery five patients (6.8 %) died; three patients
due to sepsis following anastomotic leakage; one patient
because of respiratory insufficiency with extensive pneumonia and the last patient because myocardial infarction.
Three patients (3.3 %) died after HPB surgery; two patients
due to postoperative bleeding; and one patient because of
respiratory insufficiency with pneumonia. Six patients
(2.6 %) died after colorectal surgery; three patients due
to respiratory insufficiency with pneumonia; other three
because of fulminant sepsis (of these, two patients had an
anastomotic leak and one had a colon perforation 15 cm
proximal from colostomy). No difference in mortality was
observed between the three groups (p = 0.219). An overview of patients with a major complications and mortality
rates are depicted in table III.
DISCUSSION
The retrospective observational study here presented
supports the role of clinical deterioration or no clinical
progression in combination with increased CRP for early detection of major postoperative complications after

Table II. Patients (n) with a major complication that have
not received additional CT-scan imaging per subgroup
Upper GI
Intensive Care admission

3

Reoperation
Postoperative bleeding
Anastomotic leak
Intestinal perforation
Abscess
Fascial dehiscence

2

Mortality
Total

HPB

Lower GI

Total

1

4

9

1

2

13
1
5
3
1
3

2

1

2

5

7

3

12

22

2
1

5
2

1
1
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Table III. Patients (n) with major complications
and mortality per operated organ group
Major
complication

Mortality

Total

Upper GI

26 (35.1 %)

5 (6.8 %)

74

HPB

12 (13.2 %)

3 (2.2 %)

91

Lower GI

45 (19.2 %)

6 (2.6 %)

234

Total

83 (20.8 %)

14 (3.5 %)

399

0.002

0.058

p-values

Upper gastrointestinal (upper GI), hepatic-pancreatico-billiary (HPB) and colorectal (lower GI).
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major abdominal surgery. In an ideal step-up plan clinical
deterioration or no clinical progress to recover supported
by a postoperative increased CRP at day three or four
will be an indication for an enhanced CT-scan imaging
to rule out or diagnose a postoperative complication.
Clinical parameters, especially heart rate and time to
passage of first stool are important clinical markers and
showed statistical differences between uncomplicated
patients, minor complicated patients and major complicated patients.
In this study 83 patients (20.6 %) had a major complication according to Clavien-Dindo classification requiring reoperation, intervention radiology treatment and/or
admission to the intensive care, this being in accordance
with current literature (14,15,23). In this study diagnosis
of major complications occurred after a median of 7 days
(IQR 4-9 days). Early identification and diagnosis of
patients with major complications may lead to a decrease
in morbidity associated with these complications (23).
C-reactive protein has been considered in other studies as
an important marker for all postoperative septic complications, for anastomotic leakage, or both with promising
results (4,10-12,24,25).
In the postoperative assessment of patients after major
abdominal surgery, especially since the implementation
of Fast-Track perioperative treatment, the objective must
be to achieve a early safe discharge criterion and early
diagnosis of major complications, thus aiming for a high
negative predictive value and high sensitivity (26). In
this series, clinical suspicion and increased CRP, around
200 mg/L was considered as an indication for a CT
scan. Average CRP on the third day was 169, 192.7 and
255 mg/L respectively. In the uncomplicated, minor complicated and major complicated group of patients this was
an indication for imaging by means of a CT scan in 10.5 %,
37.3 % and 73 % respectively. In the uncomplicated and
minor complication group there were no false positive CT
scans, but in the major complicated group five patients had
a false negative CT scan and this has delayed importantly
the time to proper diagnosis with 7 days in comparison
with the well diagnosed complication on the CT scan.
Consequently enhanced CT-scan showed a sensitivity of
91.7 % for major complications, specificity of 100 % and
a false-negative rate of 4.5 %. It has been claimed that
early radiological features of major complications may
be hard to distinguish from physiological changes following major abdominal surgery (17). In this study, 53.8 %
of patients with an uncomplicated postoperative course,
CT-scan imaging showed abnormalities, but these were
deemed physiological effects of surgical procedure and
no treatment was undertaken. These findings are in accordance with literature, for instance pneumoperitoneum is a
common finding after major abdominal surgery and may
last up to four weeks postoperatively (27). On the other hand, extra-luminal contrast medium can be absent in
anastomotic leakage (16,17). Extra watchfulness is war-
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ranted in patients with a false-negative scan, but literature
and the results here presented indicate that CT-scan is the
most adequate aid for diagnosis of postoperative complications (20).
Moreover, not all patients with a major complication
needed a CT-scan imaging previous to reoperation. Immediate reoperation can be indicated in for example abdominal wall dehiscence, hemodynamic instability or postoperative bleeding.
Currently, the diagnosis of major complications occurs
after a median of seven days (4,10). By implementing a
“leakage score”, while scoring mainly clinical parameters,
Den Dulk et al. managed to decrease the number of days
till diagnosis from a median of eight days to a median of
six days. Moreover, a delay in relaparotomy was associated
with increased morbidity and mortality (28); thereby further supporting the need for a standardized postoperative
algorithm (13).
The here presented study has several limitations. For
instance data was collected from different surgical procedures, namely upper GI, HPB and lower GI tract. No statistically significant differences in CRP levels were observed
between the groups. Similar results hold for laparoscopic
and open procedures, again no significant differences in
CRP levels were observed. Although patients operated in
an acute setting had higher CRP levels on POD1, no differences were observed from POD2 onwards. The observational nature of the study is the main limitation, since CRP
measurements were only performed once postoperatively,
additional examinations were performed as deemed necessary by the attending physician. This could reflect a lack
of data, namely in the absence of clinical symptoms which
prompt such a measurement.
Based on the results presented by this study we propose
an algorithm for clinical assessment of patients after major
abdominal surgery, which includes clinical observation and
regular measurements of postoperative CRP, in order to
suspect postoperative complications. The absence of daily
clinical progress to recovery or clinical deterioration with
increased CRP will determine the indication for a CT scan
as early as day four. The results of the here presented study
showed adequate arguments to correlate the clinical no
progress to recovery or deterioration with significant differences in CRP levels between uncomplicated, minor and
major complications from as early as the second postoperative day. These two parameters will indicate the necessity
to perform an enhanced CT-scan imaging for diagnosis of
major complications, while caution is warranted in order
to prevent delay in case of false-negative CT-scans. This
concept is also important to exclude complications in the
fast track concept of early discharge. Hence, in order to
ensure early diagnosis of major complications, we propose
to perform a randomized control trial to ascertain the proper use of clinical parameters and a to establish cut off CRP
at day 3rd or 4th to perform a CT scan in order to diagnose
early major complications.
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