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Background: Postoperative anastomotic leakage remains a major complication of esophagectomy. The develop-
ment of a reliablemethod of early detection of anastomotic leakage can revolutionize themanagement of esoph-
ageal carcinoma.
Materials and Methods: This is a retrospective data analysis of 147 patients who underwent Ivor–Lewis esopha-
gectomy as a curative attempt to treat distal esophageal carcinoma in our surgery department between 2010
and 2021. C-reactive protein and white blood cell count in postoperative days 1, 3, 5, and 8 were compared in
patients with and without anastomotic leakage. The diagnostic accuracy of these tests was challenged against
the clinical reference standard represented by computed tomography or upper gastrointestinal endoscopy.
Results: Twenty-eight patients (19%) developed anastomotic leakage. C-reactive protein values in postoperative
day 8 were the only parameter to qualify as a potential clinically helpful test with an area under the receiver op-
erating curve of 0.85 and a P value of less than .01. We calculated the cutoff value for C-reactive protein during
postoperative day 8 to be 10.85mg/dLwith specificity and sensitivity of 73.1% and 89.3%, respectively. C-reactive
protein showed a positive predictive value of 43.9% and a negative predictive value of 96.7% at this cutoff value.
Conclusion:An absolute diagnostic value of postoperative estimation of serum inflammatory biomarkers to detect
anastomotic leakage could not be proved. Serum C-reactive protein on postoperative day 8with a cutoff value of
10.85mg/dL could be used to exclude anastomotic leakage after esophagectomy to serve as one of the discharge
criteria of the patients.

© 2022 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Esophageal carcinoma is one of the leading causes of cancer-related
deaths globally due to its complex nature in treated and untreated cases
[1]. Postoperative anastomotic leakage (AL) remains one of the major
complications of esophagectomy in both high- and low-volume centers
worldwide. In a recent cross-sectional study performed by the
Oesophago-Gastric Anastomosis Study Group, data collected from
2,247 esophagectomies across 137 hospitals in 41 countries revealed a
rate of AL of 14.6% [2]. AL has a drastic effect on the early mortality
rates, prolongedhospital stay, and increased cost of treatment [3]. In ad-
dition to its impact on the short term, claims have beenmade regarding
the impact of AL on the long term aswell [4]. Ameta-analysis of 21 stud-
ies comprising 11,368 patients concluded that AL and pulmonary com-
plications after esophagectomy decreased the long-term survival of the
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affected patients [5]. Moreover, Kofoed et al reported an increased local
recurrence rate after intrathoracic AL in patientswhounderwent esoph-
agectomy as a treatment of esophageal carcinoma [6].

Early detection of AL is key to successful management by avoiding
severe mediastinitis and severe sepsis [7]. The need for early detection
of AL is also enhanced by the emergence of less invasive treatment
methods, such as endoscopic stenting and endoluminal vacuum ther-
apy. These methods work best and even deliver better results than sur-
gery in stable patients suffering from relatively small defects without
generalized sepsis [8].

The relatively high incidence of AL after esophagectomy and the im-
portance of its early detection have fueled the quest for a cheap, nonin-
vasive, and reliable test that can diagnose this ominous complication
easily and early in its course. The thirdmotive for this quest is the emer-
gence of Enhanced Recovery After Surgery (ERAS) protocols, which
showed a positive impact on the quality of life and the length of hospital
stay provided that the patient did not suffer an undetected complication
that can lead to a readmission or worsen the prognosis [9]. Therefore,
the investigation of postoperative serum inflammatory biomarkers
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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was regarded as an ideal solution to the AL detection problem as it ful-
filled all the previously mentioned criteria of the desired test, waiting
for its reliability to be statistically proven.

In this retrospective analysis, we tried to reproduce the results of
previous studies regardingwhite blood cell (WBC) count and C-reactive
protein (CRP). Although both are the most commonly studied inflam-
matory biomarkers in this context, they remain of controversial value
[10]. Therefore, we examined the data of a single center retrospectively
to determine the reliability of the use ofWBC count and CRP as a predic-
tive test of the AL in patients undergoing esophagectomy.

METHODS

StudyDesign andPopulation.Wecarried out a retrospective data anal-
ysis of the electronic medical records of all patients (n=152) who un-
derwent Ivor–Lewis esophagectomy as a curative attempt to treat distal
esophageal carcinoma in the Department for General and Visceral Sur-
gery, University Hospital, Klinikum Oldenburg, between January 2010
and June 2021. In addition, 5 patients were excluded because of early
mortality before postoperative day (POD) 8 or late detection of AL
after POD 14 (see Fig 1). The remaining 147 patients were divided
into 2 groups: AL and no AL.

The study was designed based on the STARD 2015 guidelines for
reporting diagnostic accuracy. The target condition is the postoperative
AL after esophagectomy. The index tests are the level of serum CRP and
WBC count in POD 1, 3, 5, and 8. The diagnostic accuracy of these tests
was challenged against the clinical reference standard represented by
computed tomography (CT) or upper gastrointestinal (GIT) endoscopy.
Approval of the local medical ethical committee of the Carl von Ossi-
etzky University in Oldenburg, Germany, was obtained.

Standard of Care and Definitions. All patients underwent a standard
operative technique of Ivor–Lewis esophagectomy with 2-field
Fig 1. Flowchart of t
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lymphadenectomy. The abdominal part was done either through con-
ventional laparotomy through an uppermidline incision in 119 patients
(81%) or laparoscopically in 28 patients (19%). The thoracic part was
done through right thoracotomy. The postoperative care of all patients
is carried out initially in the intensive care unit (ICU). Patients who
showed enough stability would be transferred to the intermediate
care unit (IMCU) and then to the peripheral inpatient ward. Patient
management was standardized. All patients received an intraoperative
nasoduodenal tube, and enteral feeding was started within 24 hours.
Oral feeding started with water and clear fluid and increased gradually
in the absence of clinical signs of AL starting from POD 5. Routine labo-
ratory investigation included daily complete blood count and CRP on
POD 1, 3, 5, and 8.

AL was defined as the passage of intraluminal content to
extraluminal space through a defect in the continuity of the intestinal
wall at the site of the anastomosis. The AL diagnosis in our center passes
2 phases, in which the year 2016 was the turning point. Before 2016, all
patients underwent a routine postoperative dynamic study using a
water-soluble contrast. Radiological evidence of leakage was further
confirmed using CT or upper GIT endoscopy. After 2016, the diagnosis
of AL relied on suspicious clinical symptoms such as abnormal drainage
content, thoracic pain, and elevated inflammatory mediators in the ab-
sence of other causes of postoperative infection. The gold standard of
the diagnosis remained CT or upper GIT endoscopy.

Statistical Analysis. Statistical analysis was carried out using IBM SPSS
version 20 software. Continuous variables were presented as mean and
standard deviation (SD). All continuous variables were found nonpara-
metric using theKolmogorov–Smirnov test andQ–QPlots. The central ten-
dencies of these variableswere comparedusing theMann–WhitneyU test.
Categorical variables were presented as numbers and percentages and
were compared usingχ2 and Fisher exact test. The diagnostic value of sig-
nificantly different variables was evaluated using the receiver operating
he study design.

Image of Fig 1


M. Azer, S. Miftode, M. Bockhorn et al. Surgery Open Science 10 (2022) 12–18
curve (ROC) test. The area under the receiver operating curve (AUROC) of
0.7was considered theminimumof a clinically useful test. The cutoff value
was determined based on the ROC test generated sensitivity and specific-
ity. Negative and positive predictive values were calculated from cross-
tabulation of the AL categorical variable and a dummy categorical variable
equal to or greater than the cutoff value.

RESULTS

Excluding Confounders. A total of 147 out of 152 patients who received
surgical treatment of esophageal carcinoma in our center between January
2010 and July 2021were included in our study. In this patient cohort, 121
patients (82.3%) were male. The mean age of patients was 60.2 years (SD
9.4). The majority of patients suffered from adenocarcinoma of the lower
third of the esophagus (n=108, 73.5%). Forty-eight patients (32.6%) un-
derwent primary surgical treatment,whereas 99 (67.4%) patients received
neoadjuvant therapy in the formof chemotherapy (n=52, 35.4%) or com-
bined radiochemotherapy (n= 47, 32%).

Twenty -eight patients (19%) suffered early AL detected before POD
14, with a peak observed in POD 7 (n= 6) and a mean of 7.68, SD 2.75
POD (see Fig 2). The demographic characteristics of both groups, aswell
as tumor characteristics, were compared to exclude confounders (see
Table 1). There was no statistically significant difference observed be-
tween the 2 groups regarding age, sex, body mass index, American So-
ciety of Anesthesiology score, surgical approach, neoadjuvant therapy,
tumor localization, and pathological type. On the other hand, the AL
group showed a marked increase in ICU stay (mean 22.64, SD 37.1, P
< .01) in comparison to the no AL group that showed ICU stay with a
mean of 5.93 and SD 7.79. The IMCU stay was also increased in the AL
group. This, in turn, increased the overall hospital stay of the AL group.

WBC Count. PostoperativeWBC count showed no significant difference
between the 2 groups in POD1.However, starting fromPOD3, themean
values ofWBC count showed a significant elevation in the AL group (see
Table 2 and Fig 3). The amount of the difference between both groups
showed a gradual increase until it reached its peak in POD 8, in which
Fig 2. Histogram of the incid
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the WBC count in the AL group was 15.45 (SD 7.84) × 109/L, which is
more than 4 points greater than the mean of the WBC count of the no
AL group (mean 11.02, SD 5.11 × 109/L). Concerning the diagnostic
value, the WBC count of POD 3, 5, and 8 showed AUROC of 0.67, 0.67,
and 0.68, respectively (see Table 3 and Fig 4).

CRP. The mean values of CRP showed a similar behavior to the WBC
count (see Table 2 and Fig 3). After initial similarity between the 2
groups in POD 1 and 3, mean values of POD 5 and 8 showed a statisti-
cally significant difference. In POD 8, the mean values of CRP among
the patient of the AL group were 22.95 (SD 11.33) mg/dL, which is
more than 13 points greater than the mean values on the same day in
the no AL group (mean 9.14, SD 7.82 mg/dL). This significant discrep-
ancy was reflected in the ROC analysis, where CRP values in POD 8
were the only values to qualify as a potential clinically useful test with
an AUROC of 0.85 with a P value of less than .01 (see Table 3 and Fig
4). We calculated the cutoff value for CRP during POD 8 to be 10.85
mg/dL with specificity and sensitivity of 73.1 and 89.3%, respectively.
CRP showed a positive predictive value of 43.9% and a negative predic-
tive value of 96.7% at this cutoff value.

DISCUSSION

The Search for the Ideal Biomarker. Colorectal surgeons are facing a
similar situation regarding finding a reliable early detector of colorectal
AL. The lack of a clear understanding of the pathophysiology behind AL
led to the diversification of the investigated potential biomarkers across
broad categories such as those of inflammation, ischemia, and tissue repair
[11]. Although none of the examined biomarkers proved to be the gold
standard, CRP shows promising results in contemporary literature [12,13].

Regarding AL after esophagectomy, the search followed the steps of
the colorectal surgery field, justified by the assumption of a similar
pathophysiological mechanism of AL across the GIT. This concept is
highlighted in a systematic review and pooled analysis by Straatman
et al on the value of CRP in detecting major complications after major
postoperative surgeries. Straatman et al argued that CRP is not specific
ence of AL against POD.

Image of Fig 2


Table 1
Demographic and perioperative characteristics of the AL and no AL groups

No AL (n = 119) AL (n = 28) P value Test

Age in years, mean (SD) 60.67 (9.32) 58.43 (9.55) .18 Mann–Whitney U test

Sex, n (%)
Male 97 (66.0%) 24 (16.3%) .79 Fisher exact test
Female 22 (15.0%) 4 (2.7%)
BMI, mean (SD) 26.39 (4.93) 26.43 (6.1) .86 Mann–Whitney U test

ASA stage, n (%)
I 2 (1.4%) 1 (0.7%) .62 χ2

II 59 (40.1%) 16 (10.9%)
III 54 (36.7%) 11 (7.5%)
IV 4 (2.7%) 0 (0.0%)

Tumor pathological type, n (%)
Adenocarcinoma 101 (68.7%) 25 (17.0%) .84 χ2

Squamous cell carcinoma 15 (10.2%) 3 (2.0%)
Barrett 2 (1.4%) 0 (0.0%)
Undifferentiated 1 (0.7%) 0 (0.0%)

Tumor localization, n (%)
Lower third 89 (60.5%) 24 (16.3%) .43 χ2

Middle third 19 (12.9%) 2 (1.4%)
Adenocarcinoma of the esophagogastric junction 11 (7.5%) 2 (1.4%)

Neoadjuvant therapy, n (%)
None 40 (27.2%) 8 (5.4%) .18 χ2

Chemotherapy 38 (25.9%) 14 (9.5%)
Radiochemotherapy 41 (27.9%) 6 (4.1%)

Approach, n (%)
Open 93 (63.3%) 26 (17.7%) .11 Fisher exact test
Laparoscopic assisted 26 (17.7%) 2 (1.4%)
ICU stay in days, mean (SD) 5.93 (7.79) 22.64 (37.1) <.01 Mann–Whitney U test
IMCU stay in days, mean (SD) 4.52 (4.6) 7.75 (6.92) <.01 Mann–Whitney U test
Hospital stay in days, mean (SD) 24.14 (11.8) 52.39 (38.5) <.01 Mann–Whitney U test
30-d mortality, n (%) 4 (2.7%) 8 (5.4%) <.01 Fisher exact test

BMI, body mass index; ASA, American Society of Anesthesiology.
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to location and that no difference in CRP values was observed between
upper and lower GIT surgeries [14]. Similar ideas were echoed in an-
other systematic review by Gans et al. The upper and lower GIT ALs
were considered infectious complications that raise the CRP levels
through the exact same mechanism [15].

A recent Dutch systematic review of the role of biomarkers in the di-
agnosis of AL following gastroesophageal cancer surgery categorized
the investigated biomarkers into four categories: inflammatory serum
biomarkers, ischemic serum biomarkers, peritoneal drain biomarkers,
and combined scores. Among the 24 examined biomarkers in this re-
view, 11 were considered good diagnostic values with AUROC of more
than 0.7 [16]. These 11 relevant biomarkers were mainly inflammatory
biomarkers (9 out of 11), building on the ideas mentioned above of
Gans et al [15].

The Diagnostic Value ofWBC Count. In our study, although the signif-
icant difference between mean WBC count in AL and no AL groups
seemed promising, WBC count in POD 3, 5, and 8 failed to achieve the
Table 2
Comparison between WBC count and CRP in AL and no AL groups.

No AL (n = 119), mean (SD) × 109/L

WBC POD 1 10.87 (3.89)
WBC POD 3 9.39 (3.88)
WBC POD 5 9.12 (4.3)
WBC POD 8 11.02 (5.11)
CRP POD 1 8.33 (4.26)
CRP POD 3 14.72 (7.06)
CRP POD 5 11.85 (8.36)
CRP POD 8 9.14 (7.82)

⁎ Mann–Whitney U Test.
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threshold of AUROC to consider a test clinically useful. We consider
our results homogeneous with the prevalent evidence of the literature.
For example, Liesenfeld et al found a significant difference between
WBC count in AL and no AL groups in POD 3, 4, and 5, but they could
not prove diagnostic value with a maximum AUROC of 0.67 [17]. This
also applies to the results of Findlay et al [18] and Asti et al [19]. On
the other hand, Noble et al described AUROC of the WBC count on
POD 5 of 0.72. Although considered theoretically of good diagnostic
value, the practical value of WBC count could not be demonstrated be-
cause of its limited specificity and sensitivity of 58 and 78, respectively
[20].
The Diagnostic Value of CRP. Our results showed a significant differ-
ence between the mean value of CRP in POD 5 and 8. It is worth saying
that in POD 3, the P value was .07, indicating the possibility of obtaining
statistically significant results from a larger sample. CRP values of POD 8
showed a very good clinical potential relevance with an AUROC of 0.85.
AL (n = 28), mean (SD) mg/dL P value⁎

11.84 (4.19) .36
11.93 (4.55) <.01
12.1 (6.23) <.01
15.45 (7.84) <.01
9.88 (6.96) .68
18.07 (8.6) .07
17.16 (10.28) <.01
22.95 (11.33) <.01



Fig 3. Trends of change of WBC and CRP in the no AL and AL groups.
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This finding is consistent with the previously mentioned Dutch system-
atic review [16] in which CRP was the only biomarker with a very good
diagnostic accuracy across the first 6 PODwith AUROC ranging from 0.8
to 0.99 reported in 6 studies [19,21–26].

Despite the previous positive findings, CRP is still far from being
considered a sole diagnostic test [10, 16]. A major reason is the
nonreproducibility of the positive finding supporting the clinical use of
CRP. Contradicting results are still being reported by researchers
attempting to validate the positive results. In contrast to our findings,
Liesenfeld et al could not validate the clinical significance of CRP as a
diagnostic test of the AL, as they reported AUROC of less than 0.65 in
POD 3 to 7 [17].
Table 3
Diagnostic accuracy of WBC count and CRP for anastomotic leakage according to the
AUROC analysis

AUROC Standard error P value 95% Confidence interval

WBC POD 3 0.669 0.055 <.01 0.560–0.778
WBC POD 5 0.665 0.052 <.01 0.563–0.768
WBC POD 8 0.682 0.057 <.01 0.571–0.793
CRP POD 5 0.672 0.061 <.01 0.553–0.791
CRP POD 8 0.854 0.041 <.01 0.773–0.935
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Another factor hindering the clinical use of the CRP is the wide spec-
trum of recorded cutoff values and POD. Whereas, in our data, the best
accuracy was obtained at a cutoff value of 10.85 mg/dL on POD 8,
other studies showed a great discrepancy. For example, the above-
mentioned studies reported cutoff values ranging from 8.3 to 29.9 mg/
dL [19,21–26].

One last argument against the clinical use of CRP is the frequently re-
ported low positive predictive value. According to our data, the positive
predictive value of the CRP on POD 8 at a cutoff value of 10.85 mg/dL
was as low as 43.9%. On the other hand, this cutoff value has a negative
predictive value of 96.7%. In other words, whereas an elevated CRP level
on POD 8 could predict AL in less than half of the cases, a lower value of
CRP could almost always mean the absence of AL. This interesting char-
acteristic of CRP could be often found in the literature. For instance,
Liesenfeld et al proposed using CRP of less than 15.5 mg/dL on POD 3
to 7 as a negative predictor for ALwith a negative predictive value rang-
ing from 81.6% to 86.9% [17]. This conclusion is supported by data from
other studies such those of Asti et al, who showed a negative predictive
value of 97.7% for the cutoff 8.3 mg/dL on POD 5 [19] and Gordon et al,
who showed a negative predictive value of 100% for the cutoff 15.4 mg/
dL on POD 6 [23].

The value of the CRP as a negative predictive test for AL could be
highlighted in the patients with mild clinical signs of potential AL.

Image of Fig 3


Fig 4. ROC for the significant variables.
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Although the use of elevated CRP as a determinant of further diagnostics
can lead to unnecessary imaging, its use as a negative predictive test can
justify a watchfulwaitingwith significant reassurance [15]. Another po-
tential use of CRP is the monitoring of patients undergoing ERAS proto-
col. The first ERAS protocol in esophagectomy resection was published
in 2018 [27]. However, reports of applying ERAS principles as early as
2011 could be found in the literature [28]. Although there is a literature
gap in this area regarding esophageal surgery, indirect evidence could
be drawn from the colorectal surgery field, in which CRP levels could
be used, among other parameters, to monitor patients postoperatively
and assist in the discharge decision [29]. Although the ERAS protocol
does not include a recommendation regarding the discharge time
point, recent trends of increased application of ERAS protocol are asso-
ciated with a shorter length of stay [30]. Therefore, our suggested cutoff
value of CRP in POD 8 could be used, among other clinical factors, as a
criterion for early discharge in patients undergoing ERAS protocol.

Limitations. This study was limited by its retrospective nature which
dictated the type of biomarkers to be examined and POD. For example,
the NUn score was firstmentioned in 2012 and depended onWBC, CRP,
and serumalbumin in POD4 [20]. This later parameterwas not available
in our data pool to examine. On the other hand, this gave the study a re-
alistic indication as it examined the already commonly used tests and
avoided unrealistic expensive or rare tests.

In addition, the examined cohort showed some sort of heterogenicity
regarding the surgical approach, open versus laparoscopic, and the pres-
ence or absence of neoadjuvant therapy.However, evidence fromthe liter-
ature suggests that neither the surgical approach [31] nor the neoadjuvant
therapy [26] had a significant effect on the potential diagnostic accuracy of
inflammatory biomarkers.

In conclusion, the examined biomarkers showed statistically signifi-
cant differences between AL and no AL groups. A absolute diagnostic
value of postoperative estimation of serum inflammatory biomarkers
to detect AL could not be proved. Serum CRP on POD 8 using the cutoff
value of 10.85 mg/dL could still play a role in excluding AL after esoph-
agectomy due to its high negative predictive value. Therefore, we sug-
gest using this cutoff value to be considered among the discharge
criteria of the patients.
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