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Abstract

Purpose To determine the relationship between postoperative C-reactive protein (CRP) as an early indicator of anastomotic
leakage (AL) after esophagectomy for esophageal cancer.

Methods We reviewed patients diagnosed with esophageal or esophagogastric junctional cancer who underwent esophagec-
tomy between 2006 and 2022 at the Karolinska University Hospital, Stockholm, Sweden. Multivariable logistic regression
models estimated relative risk for AL by calculating the odds ratio (OR) with a 95% confidence interval (CI). The cut-off
values for CRP were based on the maximum Youden’s index using receiver operating characteristic curve analysis.

Results In total, 612 patients were included, with 464 (75.8%) in the non-AL (N-AL) group and 148 (24.2%) in the AL
group. Preoperative body mass index and the proportion of patients with the American Society of Anesthesiologists physical
status classification 3 were significantly higher in the AL group than in the N-AL group. The median day of AL occurrence
was the postoperative day (POD) 8. Trends in CRP levels from POD 2 to 3 and POD 3 to 4 were significantly higher in the
AL than in the N-AL group. An increase in CRP of >4.65% on POD 2 to 3 was an independent risk factor for AL with the
highest OR of 3.67 (95% CI 1.66-8.38, p=0.001) in patients with CRP levels on POD 2 above 211 mg/L.

Conclusion Early changes in postoperative CRP levels may help to detect AL early following esophageal cancer surgery.

Keywords Esophageal cancer - Esophagectomy - Anastomotic leakage - C-reactive protein

Introduction

Esophageal cancer is the sixth leading cause of cancer-
related death worldwide, and its incidence is on the rise,
particularly in Western countries [1]. Esophagectomy with
lymph node dissection combined with chemotherapy or
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chemoradiotherapy is currently considered the standard
treatment for locally advanced esophageal cancer [2, 3].
However, despite the introduction of minimally invasive
esophagectomy (MIE), which has improved short- and long-
term outcomes [4—6], esophagectomy remains one of the
most invasive procedures among gastrointestinal surgeries.
It is associated with a significant operative mortality [7, 8].

Anastomotic leakage (AL) is a common postoperative
complication following esophagectomy, regardless of the
surgical approach or reconstruction site [4]. Moreover,
AL is also associated with increased mortality rates and a
negative impact on long-term survival [9-11]. Therefore,
it is crucial to manage AL swiftly and appropriately. Early
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diagnosis of AL is especially important as it can facilitate
prompt intervention and potentially reduce the severity of
the complication.

C-reactive protein (CRP), an inflammatory biomarker
synthesized in the liver, has been widely recognized as a
diagnostic indicator of surgical and infectious complications
after abdominal surgery [12, 13]. In the context of esoph-
ageal cancer surgery, CRP has been reported as a useful
negative indicator for ruling out AL after esophagectomy
[14-16]. However, few studies have investigated whether
CRP can be a valuable predictor of AL after esophagectomy,
particularly in the very early postoperative period [17, 18].
Thus, the potential of CRP as an indicator of AL in this criti-
cal period remains to be determined.

This study aims to assess the potential of CRP as an
early indicator of complications, specifically AL, following
esophagectomy for cancer. The findings of this study have
the potential to aid in the early diagnosis and management
of AL, ultimately leading to improved patient outcomes in
routine clinical practice.

Methods
Patients

Between January 2006 and December 2022, all patients
who underwent esophagectomy at the Karolinska Univer-
sity Hospital, Sweden, a tertiary gastro-esophageal center,
were reviewed in the present study. Inclusion criteria were
as follows: patients diagnosed with esophageal or esophago-
gastric junctional cancer (Siewert type I and II), undergo-
ing a primary esophageal resection and reconstruction with
a gastric tube, i.e., patients undergoing thoracoabdominal
esophagectomy according to McKeown, or according to Ivor
Lewis, or trans-hiatal esophagectomy. Ethical approval was
obtained from Stockholm’s Regional Research Ethics Com-
mittee (EPN) with reference numbers 2018/970-31/1 and
2022-02634-02.

Surgical and perioperative management

All surgeries were performed using open, hybrid, or MIE
approaches. MIE also included cases with a robot approach.
In MIE cases, the Ivor Lewis procedure typically involved a
mechanical overlapping side-to-side anastomosis employing
a linear stapler, while the McKeown procedure or transhiatal
esophagectomy employed either mechanical anastomosis
with a linear stapler or hand-sewn anastomosis, depending
on the height of the anastomosis and the surgeon’s choice.
As part of perioperative management, an enhanced recov-
ery protocol was followed starting from April 2014. Post-
operative routine follow-up included daily blood tests and
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oral contrast swallow imaging on postoperative day 3. In
cases where patients exhibited symptoms such as elevated
fever, tachycardia, and discharge of saliva or air from the
cervical wound, further examinations, including computed
tomography (CT) and upper gastrointestinal endoscopy,
were performed.

Definition of anastomotic leakage

AL was defined as a full-thickness gastrointestinal defect
involving the esophagus, anastomosis, staple line, or con-
duit based on the Esophagectomy Complications Consensus
Group (ECCG) system [19]. All ALs were included in the
study regardless of severity grade and clinical relevance.
AL was diagnosed primarily by CT with the application of
a small amount of water-soluble oral contrast agent or was
identified by the discharge of saliva or gastrointestinal con-
tents from the opened neck wound. Upper gastrointestinal
endoscopy was also performed as needed to confirm whether
an AL was present.

Data collection

Patient data, including characteristics, surgical outcomes,
and postoperative findings, was collected from informa-
tion contained in the hospital’s surgical planning system
(ORBIT) and the patient chart system (take—care). The clini-
cal and pathological T and N category was assigned accord-
ing to the TNM classification, the eighth edition established
by the Union for International Cancer Control [20]. Post-
operative complications with severity grade 2 or more
according to the Clavien—Dindo classification (C-D) were
regarded as events, while severe complications were defined
as C-D >3 [21]. Medical complications included: pneumo-
nia, pulmonary embolism, and cardiovascular complications.

Statistical analysis

Continuous variables were depicted as the median and
interquartile range (IQR), and frequency percentages were
calculated for categorical variables. Continuous variables
were compared using the Mann—Whitney U or Student’s
t-test, while the Chi-square test or Fisher’s exact test was
conducted for categorical variables. The optimal cut-off val-
ues of CRP and changes in CRP were determined based on
the maximum Youden’s index using receiver operating char-
acteristic (ROC) curve analysis and calculation of the area
under the curve (AUC). Logistic regression models were
conducted to estimate the relationship between the exposure
variables and AL/all severe complications, yielding the odds
ratio (OR) between groups and 95% confidence intervals
(CI). Multivariable adjustments were made for the following
predefined clinically relevant variables with categorization
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in all the models mentioned above; age (continuous), sex,
body mass index (BMI) (continuous), the American Soci-
ety of Anesthesiologists physical status classification (ASA-
PS), clinical T stage, clinical N stage, neoadjuvant therapy
(none, neoadjuvant chemotherapy or neoadjuvant chemora-
diotherapy), surgical approach (open, hybrid MIE, or MIE),
and the type of surgery (McKeown, Ivor Lewis or trans-
hiatal esophagectomy). A p-value of 0.05 was considered to
indicate a statistically significant difference. All statistical
analyses were done using JMP Pro 17 (SAS Institute Japan
Ltd, Japan) for Windows.

Results
Patient characteristics

Patients’ characteristics are shown in Table 1. In total, 612
patients with 464 in the non-AL (N-AL) group and 148

in the AL group, were included in the study. Patients who
underwent MIE totaled 393 cases, including a subset of 57
cases with a totally robotic approach. The AL group had a
significantly higher preoperative BMI than the N-AL group.
Additionally, a higher proportion of patients with ASA-PS 3
or without neoadjuvant treatment were observed in the AL
group compared to the N-AL group.

Surgical outcomes and pathological findings

Table 2 presents information on the surgical and pathologi-
cal outcomes. The median day of AL occurrence was the
postoperative day (POD) 8 with an IQR of 6 to 10 days. CRP
levels on POD 2, 3, and 4 were significantly higher in the
AL than in the N-AL group (p <0.001). Patients in the AL
group had a greater change in CRP levels from POD 2 to 3
and POD 3 to 4 compared to those in the N-AL group (POD
2to 3 p<0.001, POD 3 to 4 p=0.026). The AL group had
significantly higher 30-day (5.4% vs 1.9%, p=0.026) and

Table 1 Patient characteristics

N-AL group AL group P value
(n=464) (n=148)
Age, years [IQR] 67 [60-73] 68.5 [62-73] 0.193
Sex, n (%) 0.072
Male 360 (77.6) 125 (84.5)
Female 104 (22.4) 23 (15.5)
BMI, kg/m’ [IQR] 25.3 [22.6-28.0] 26.1 [23.3-28.6] 0.047
ASA-PS, n (%) 0.007
1 117 (25.2) 29 (19.6)
2 241 (51.9) 66 (44.6)
3 106 (22.8) 53 (35.8)
Clinical T category, n (%) 0.346
TO/1 31 (6.7) 16 (10.8)
T2 59 (12.7) 17 (11.5)
T3 289 (62.3) 92 (62.2)
T4 84 (18.1) 22 (14.8)
Missing 1(0.2) 1(0.7)
Clinical N category, n (%) 0.389
NO 191 (41.2) 67 (45.3)
N+ 272 (58.6) 81 (54.7)
Missing 1(0.2) 0(0)
Clinical M category, n (%) 0.438
MO 445 (95.9) 144 (97.3)
M1 19 (4.1) 4(2.7)
Neoadjuvant therapy, n (%) 0.027
None 120 (25.9) 55(37.2)
Chemotherapy 147 (31.7) 37 (25)
Chemoradiotherapy 197 (42.4) 56 (37.8)
Preoperative CRP, mg/L [IQR] 2.5[1-7] 3[1-7] 0.803

N-AL non-anastomotic leakage, AL anastomotic leakage, /QR interquartile range, BMI body mass index,
ASA-PS the American Society of Anesthesiologists physical status classification, CRP C-reactive protein

Bold numbers indicate statistical significance
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Table 2 Oper.ative outcomes N-AL group AL group P value
and pathological findings
(n=464) (n=148)
Surgical approach, n (%) 0.210
Open 138 (29.7) 33 (22.3)
Hybrid MIE 35(7.5) 13 (8.8)
MIE 291 (62.7) 102 (68.9)
Type of esophagectomy, n (%) 0.234
McKeown 128 (27.6) 51 (34.5)
Ivor Lewis 292 (62.9) 82(55.4)
Transhiatal 44 (9.5) 15 (10.1)
Conversion to open technique, n (%) 14 (3.0) 3(2.0) 0.523
Operative duration, min [IQR] 420 [360-495] 431 [385-512] 0.121
Intraoperative blood loss, ml [IQR] 200 [100-500] 195 [75-400] 0.105
CRP on POD 2", mg/L [IQR] 153 [110-204] 178 [130-239] <0.001
CRP on POD 3", mg/L [IQR] 160 [113-219] 209 [147-276] <0.001
CRP on POD 4", mg/L [IQR] 142 [94-194] 197 [132-255] <0.001

Trend in CRP between POD 2 and 3, % [IQR] 3.1 [-13.5 to 21.9] 10.7[-291t031.5] <0.001
Trend in CRP between POD 3 and 4, % [IQR] —13.1[-26.3t03.4] -8.8[-21.0t06.3] 0.026

Medical complications’ (C-D >2), n (%) 131 (28.2) 41 (27.7) 0.901
Date of leakage diagnosis, postoperative day - 8 [6-10] -
Postoperative hospital stay, days 13 [10-21.8] 29 [18-48] <0.001
30-day mortality, n (%) 9(1.9) 8(5.4) 0.026
90-day mortality, n (%) 24 (5.2) 16 (10.8) 0.016
Histological tumor type 0.609
Adenocarcinoma 369 (79.5) 112 (75.6)
Squamous cell carcinoma 90 (19.4) 34 (23.0)
Others 5(1.1) 2(1.4)
Pathological T category, n (%) 0.238
TO 74 (16.1) 26 (17.8)
Tl 63 (13.7) 27 (18.5)
T2 66 (14.4) 27 (18.5)
T3 217 (47.3) 57 (39.0)
T4 39 (8.5) 9(6.2)
Pathological N category, n (%) 0.309
NO 220 (47.9) 82 (56.2)
N1 89 (19.4) 27 (18.5)
N2 68 (14.8) 18 (12.3)
N3 82 (17.9) 19 (13.0)
Pathological stage, n (%) 0.152
Stage 0 62 (13.5) 21 (14.4)
Stage 1 45 (9.8) 24 (16.4)
Stage 11 126 (27.5) 42 (28.8)
Stage 111 130 (28.3) 37 (25.3)
Stage IV 96 (20.9) 22 (15.1)

N-AL non-anastomotic leakage, AL anastomotic leakage, M/E minimally invasive esophagectomy, /QR
interquartile range, CRP C-reactive protein, POD postoperative day, C-D Clavien—Dindo classification

“In CRP levels on POD 2, 3, and 4, there were 2, 6, and 15 patients, respectively, with missing data
"Medical complications were defined as pneumonia, pulmonary embolism, and cardiovascular complications

Bold numbers indicate statistical significance
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90-day (10.8% vs 5.2%, p=0.016) mortality rates than the 2
N-AL group. Postoperative hospital stay was significantly E ES z
longer in the AL than in the N-AL group (median 29 vs _ = s <
13 days; p<0.001). S O -
s S 1 9|8
Predictors for anastomotic leakage and severe % = % sz8z|2
complications é §
O|w CEECH =
=) & = = =
Tables 3 and 4 show the logistic regression analysis for AL ':‘; UN: o § s :::: s % g
and severe complications (C-D > 3). The calculations of Flvoes=-¢g=¢€ §
optimal cutoff values for the exposure variables are shown 0 = g
in Supplementary Figs. 1 and 2. The analysis of the trend in E = g §
CRP on POD 2 to 3 and the trend in CRP on POD 3 to 4 was ) B voe %
limited to patients whose CRP levels were higher than the 2 8 z z
optimal cutoff value on POD 2 and POD 3, respectively. The N LQ: 3 1| B
sensitivity, specificity, positive predictive value, and negative % & % i o E = 3
predictive value of CRP for diagnosing AL and severe com- é o é
plications are shown in Supplementary Tables 1 and 2. The ‘-E) s g % g 3
multivariable analysis identified CRP levels of >211 mg/L 2 § L ¥ g & s & '§
for POD 2,>222 mg/L for POD 3,>190 mg/L for POD 4, elvoe=g8=28|2
and trends in the CRP of >4.65% on POD 2 to 3 as inde- 0 = = é
pendent risk factors for AL (Table 3). Trends in the CRP E = = @
of >4.65% on POD 2 to 3 had the highest OR of 3.67 (95% = v é
CI 1.66-8.38, p=0.001), which was also the highest among s & @ &
all other variables (Supplementary Table 3). Accordingly, ; g ["\? 1 §
CRP> 161 mg/L for POD 2, CRP >208 mg/L for POD 3, nEz%ged %
CRP > 189 mg/L for POD 4, trends in CRP >2.85% on POD 2 S
2 to 3, and trends in CRP > — 13.7% on POD 3 to 4 were all 4 gn - & 3 3
independent risk factors for severe complications (Table 4). E S = - 3 - 8| 5
Among those, the OR for CRP > 189 mg/L on POD 4 had the glvEgzez¢e f El
highest value, 3.40 (95% CI 2.36-4.94, p <0.001). N — — S B
2 g & 5 5373
AR
E5 2
Discussion g 2 z| T8
508 3 t|ugil
The present study examined the association between post- % & iﬁ § § E i E L; él é
operative CRP levels and AL in patients who underwent 2 @ E ol
surgery for esophageal cancer. The findings indicate that el - ’“:3 g & § °© 3
changes in CRP during the very early postoperative period, s é - E ™ éﬂ Eo
specifically between postoperative days 2 to 3, may be the glvEggzeze = S: = q
most reliable positive indicator of AL following esophagec- . o 5 5 Aoy
tomy for cancer. § § E qi E 6 6 §
The usefulness of postoperative CRP levels as a negative o & v v s % E E g
predictor of AL after esophagectomy has been reported in _%” | 5 = g g = 5 :%0
previous studies [14—16]. Aiolfi et al. [14], in a Bayesian 8 %0 g < 9 é § % % 8
meta-analysis, indicated that CRP < 176 mg/L on POD 3 and % N x 2 R So 9|8 N =
CRP < 132 mg/L on POD 5 might be useful for ruling out AL E | -
after esophagectomy. Moreover, Rat et al. [16] suggested that % @ s _ 3 3 :% ‘g g % §
CRP < 130 mg/L on POD 5 is a useful negative predictor for ug E § g - E - LE & ;; 28 E
AL with a negative predictive value of 96% in 585 patients 28| VE&EZ2Z2| 2 5 % é §
who underwent Ivor Lewis esophagectomy. Conversely, stud- & - g g §_ é E
ies regarding CRP as a positive predictor for AL are limited. % 2 Z % E.f =y ;
Prochazka et al. [17] reported that in 40 patients undergoing e 5 Z SSO0° R
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MIE McKeown esophagectomy, CRP on POD 5 was signifi-

g
E: g 2 cantly higher in the AL group than in the N-AL group. In
_ = s < comparison, only one patient presented clinical symptoms at
2 | = 2 £ = the same time among all 11 patients with AL [17]. Further-
&~ = > *< b5
ale o T I & more, Park et al. [18] demonstrated that CRP levels around
IS A =3 . L.
% R E = 2 170 mg/L on POD 3 may be a predicting factor for AL after
=] .
é 8 esophagectomy. However, it should be noted that the former
° g - 8 g S study was limited to univariate analysis, and the latter had a
2 ? o = o & o 8| 8 very small sample size of 46 cases, which makes the useful-
2 23S g 2SS g ) .1 . .
FElvee =g =¢ S ness of CRP as an indicator for detecting AL uncertain.
9 = g AL is one of the potentially fatal complications following
E % g § esophageal cancer surgery. When AL occurs, the contents of
y 3 < . . .
. h < 2 the gastrointestinal tract can escape into the deep compart-
S s 3 z ments, leading to serious infections such as empyema and
N g T g § mediastinitis (Fig. 1). These infections can sometimes trigger
% NERS ﬁ = E 2| s sepsis, resulting in severe conditions such as multiple organ
é = failure and acute respiratory distress syndrome, ultimately
> > < . . .
= 5 g g 3 leading to death. The 90-day postoperative mortality rate for
2 f ¥ S8 8 o5 & % patients who develop AL after esophageal cancer surgery is
2 RS g3 g P
flvoes-g=¢g g _ not low and has been reported to be 5.3 to 11.7%, which is in
v - = I line with the result of this study [22, 23]. Early detection of
2 H] =] s 2 . . . e .
g = S > & AL and timely implementation of appropriate interventions
Q, Vv \% 15 .
5 2 are demanded to avert the potentially lethal course of AL.
s =
=) 5 3 ez The median time to AL diagnosis was on POD 8 in the
g o I I3 § present study, a similar result to previous reports by Noble
= SR8 2o & E .. e e . .
B8 2 I d|l=C et al. and Tsujimoto et al. [22, 23] indicating that AL diag-
ANO 2« @ s d 5} . ’
2 s & nosis occurs on POD 7. Considering the outcome of this
—~ —~ < . . .
2 Eu -~ 8 8 3 5 study, early changes in CRP may be an early indicator of
£ O 5] o . . ey eqe
Sls < P - - = AL. Alternatively, there is a possibility that the early post-
2| = g o G Y . . .
d-2eze| < operative inflammatory state may be involved in the devel-
glvegzeg=2 5§ perative infl tory state may b Ived in the devel
- = S 2 opment of anastomotic leakage and CRP would thus be a
v = P g
= S £ 0 o . .
E s = 2 9 § § prognosticator. High CRP levels on POD 6 and POD 7 were,
= v v § § g Té as expected, also independent risk factors for AL with sig-
d e S| 8 &ee nificant odds ratios (data not shown) since the leakage at this
on = N 2] S 7 L o . . . .
8 S < - 9 2 B time of the postoperative course is established. However
=] IS w XK 5 2 . . . . ’
ﬁ & § 3 E LS 2 g AN the current study aimed to identify AL as early as possible
~ ~ ~ o . . .
p R 28 and intervene promptly before the patient develops sepsis,
- = g g .
g é" _ 8 5 & E) S j aiming for favorable outcomes. The current study suggests
Sles S _35. 8 E g Ey Eo that already on POD 3 CRP trends may reveal AL and con-
—~ Y 13} 3] . . .. .
N ElVvE&ssese s 2 S 2 sequently severe complications. Therefore, it is crucial to
S 9 . . . .. .
=) - v § 5 3 maintain a high level of suspicion and to monitor CRP levels
s o = . .
% § § E 20885 g closely for the early and timely detection of AL.
£ & v v T & BT E The diagnosis of AL is generally confirmed through other
= BC 2 e 5 . -
S | s =| E 2= Z 5 modalities of examination, such as oral contrast swallow,
a — ) > > = .
g %ﬁ 9] ? § ,§ ‘% £ g 8 followed by CT and endoscopy [24]. However, there is no
8 SR 8%¥g84 88 35 32 standardized approach to diagnosing AL, and sometimes
I NS 2dcTc =< &g & 9 8 . .
2 A £ 88287 asymptomatic cases of AL may also exist [25]. Based on
) [3) D1 . . . .
Z1o s 0 0 § o 2 2 5 the trend criteria of CRP obtained from this study, a lower
=% eh Q Q < o o y
= = = = = B 3
ug E é 3 - & - & & g 28 E threshold may be allowed to perform these confirming exam-
(8| vEES A=) é é £ g § inations earlier to diagnose AL even without symptoms.
5 - Z 38 EE This can enable early intervention benefiting the patient.
% 2 Z 2 g z2 = < Additionally, if a definitive diagnosis of AL cannot be con-
) El 3 . .o .
= 5z SOLP LA firmed through these additional modalities, more intense
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Fig.1 Computed tomography after esophagectomy showing anasto-
motic leakage. A 77-year-old man operated with minimally invasive
esophagectomy using the Ivor Lewis technique. Postoperative day 5,
anastomotic leakage (arrows) was depicted in computed tomography
with oral contrast, axial (a), and sagittal (b) reformations

surveillance can be implemented with repeated radiology
and endoscopy to prevent unnecessary delay in diagnosis
and subsequent deterioration of the patient’s condition.
Although the basic treatment strategy for AL is based on the
closure or coverage of the anastomotic defect and the drainage
of leaked fluids outside the gastrointestinal tract, the manage-
ment strategy for AL can vary widely, especially depending on
the location of the anastomosis, the size of AL, time from the
onset of AL, the severity of symptoms and the presence of con-
duit ischemia [25]. As endoscopic treatments, self-expanding
metal stents and endoscopic vacuum therapy (EVT) using a
sponge are available options [26, 27]. In our previous case

series, we reported the improvement of CRP through EVT
[28]. It is known that AL following esophageal cancer surgery
can have a negative impact on long-term outcomes due to pro-
longed inflammation [10, 29, 30]. Therefore, early intervention
for AL provides an increased opportunity for effective manage-
ment and potentially improves long-term outcomes.

There are several limitations to this study. First, being
a retrospective study from a single institution, it cannot
eliminate the possibility of selection bias and residual con-
founding. Second, although this study had a larger sample
size compared to previous reports, it is possible that more
statistical power was required to determine the accuracy
of the AUCs obtained from each CRP cutoff value, espe-
cially considering that all AUC values, except for one, were
below 0.7. Third, information on other comorbidities was
not included in the patients’ preoperative status, which
may have influenced the outcome of the present study. The
strength of the current study is that it has been conducted
in an expert center, and practically the same experienced
team of surgeons has performed all the operations. A larger
study across multiple centers is warranted to provide more
definitive results and address the present study’s limitations.

In conclusion, very early postoperative changes in CRP
may be useful in identifying AL following esophageal can-
cer surgery.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00423-023-03176-w.

Authors’ contributions The study concept was designed by Antonios
Tzortzakakis, Ira Sotirova, Andrianos Tsekrekos, Fredrik Klevebro,
Mats Lindblad, Magnus Nilsson, and Ioannis Rouvelas. Data collection
was performed by Ira Sotirova and Motonari Ri. Analysis and interpre-
tation of data were conducted by Motonari Ri and Ioannis Rouvelas.
The first draft of the manuscript was written by Motonari Ri. Antonios
Tzortzakakis, Fredrik Klevebro, Mats Lindblad, Magnus Nilsson, and
Ioannis Rouvelas commented on previous versions of the manuscript.
All authors read and approved the final manuscript.

Funding Open access funding provided by Karolinska Institute.

Data Availability Data are available upon request.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


https://doi.org/10.1007/s00423-023-03176-w
http://creativecommons.org/licenses/by/4.0/

436 Page8o0f8

Langenbeck's Archives of Surgery (2023) 408:436

References

10.

11.

12.

13.

14.

15.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A
(2018) Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA: Cancer J Clin 68(6):394-424

Sjoquist KM, Burmeister BH, Smithers BM, Zalcberg JR, Simes
RJ, Barbour A et al (2011) Survival after neoadjuvant chemother-
apy or chemoradiotherapy for resectable oesophageal carcinoma:
an updated meta-analysis. Lancet Oncol 12(7):681-692

van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van
Berge Henegouwen MI, Wijnhoven BP et al (2012) Preoperative
chemoradiotherapy for esophageal or junctional cancer. N Engl J
Med 366(22):2074-2084

Biere SS, van Berge Henegouwen MI, Maas KW, Bonavina L,
Rosman C, Garcia JR et al (2012) Minimally invasive versus open
oesophagectomy for patients with oesophageal cancer: a multi-
centre, open-label, randomised controlled trial. Lancet (London,
England) 379(9829):1887-1892

van der Sluis PC, van der Horst S, May AM, Schippers C, Brosens
LAA, Joore HCA et al (2019) Robot-assisted minimally invasive
thoracolaparoscopic esophagectomy versus open transthoracic
esophagectomy for resectable esophageal cancer: a randomized
controlled trial. Ann Surg 269(4):621-630

Hayami M, Ndegwa N, Lindblad M, Linder G, Hedberg J, Edholm
D et al (2022) Population-based cohort study from a prospective
national registry: better long-term survival in esophageal can-
cer after minimally invasive compared with open transthoracic
esophagectomy. Ann Surg Oncol 29(9):5609-5621

Takeuchi H, Miyata H, Gotoh M, Kitagawa Y, Baba H, Kimura W
et al (2014) A risk model for esophagectomy using data of 5354
patients included in a Japanese nationwide web-based database.
Ann Surg 260(2):259-266

Low DE, Kuppusamy MK, Alderson D, Cecconello I, Chang AC,
Darling G et al (2019) Benchmarking complications associated
with esophagectomy. Ann Surg. 269(2):291-8

Alanezi K, Urschel JD (2004) Mortality secondary to esopha-
geal anastomotic leak. Ann Thorac Cardiovasc Surg: Off J Assoc
Thorac Cardiovasc Surg Asia 10(2):71-75

Markar S, Gronnier C, Duhamel A, Mabrut JY, Bail JP, Carrere
N et al (2015) The impact of severe anastomotic leak on long-
term survival and cancer recurrence after surgical resection for
esophageal malignancy. Ann Surg 262(6):972-980

Hagens ERC, Reijntjes MA, Anderegg MCJ, Eshuis WJ, van
Berge Henegouwen MI, Gisbertz SS (2021) Risk factors and con-
sequences of anastomotic leakage after esophagectomy for cancer.
Ann Thorac Surg 112(1):255-263

Adamina M, Steffen T, Tarantino I, Beutner U, Schmied BM,
Warschkow R (2015) Meta-analysis of the predictive value of
C-reactive protein for infectious complications in abdominal sur-
gery. BrJ Surg 102(6):590-598

Straatman J, Harmsen AM, Cuesta MA, Berkhof J, Jansma EP,
van der Peet DL (2015) Predictive value of C-Reactive protein for
major complications after major abdominal surgery: a systematic
review and pooled-analysis. PLoS One 10(7):e0132995

Aiolfi A, Asti E, Rausa E, Bonavina G, Bonitta G, Bonavina L
(2018) Use of C-reactive protein for the early prediction of anasto-
motic leak after esophagectomy: systematic review and Bayesian
meta-analysis. PLoS One 13(12):¢0209272

Liesenfeld LF, Sauer P, Diener MK, Hinz U, Schmidt T, Miiller-
Stich BP et al (2020) Prognostic value of inflammatory mark-
ers for detecting anastomotic leakage after esophageal resection.
BMC Surg 20(1):324

@ Springer

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rat P, Piessen G, Vanderbeken M, Chebaro A, Facy O, Rat P
et al (2022) C-reactive protein identifies patients at low risk of
anastomotic leak after esophagectomy. Langenbeck’s Arch Surg
407(8):3377-3386

Prochazka V, Marek F, Kunovsky L, Svaton R, Farkasova M,
Potrusil M et al (2019) C-reactive protein as predictor of anasto-
motic complications after minimally invasive oesophagectomy. J
Minim Access Surg 15(1):46-50

. Park JK, Kim JJ, Moon SW (2017) C-reactive protein for the early

prediction of anastomotic leak after esophagectomy in both neo-
adjuvant and non-neoadjuvant therapy case: a propensity score
matching analysis. J Thorac Dis 9(10):3693-3702

Low DE, Alderson D, Cecconello I, Chang AC, Darling GE,
D’Journo XB et al (2015) International consensus on stand-
ardization of data collection for complications associated with
esophagectomy: esophagectomy complications consensus group
(ECCG). Ann Surg 262(2):286-94

Brierley JD, Gospodarowicz MK, Wittekind C (eds) (2017) TNM
classification of malignant tumours. Wiley Blackwell, Oxford
Dindo D, Demartines N, Clavien PA (2004) Classification
of surgical complications: a new proposal with evaluation in
a cohort of 6336 patients and results of a survey. Ann Surg
240(2):205-213

Noble F, Curtis N, Harris S, Kelly JJ, Bailey IS, Byrne JP
et al (2012) Risk assessment using a novel score to predict
anastomotic leak and major complications after oesophageal
resection. J Gastrointest Surg: Off J Soc Surg Aliment Tract
16(6):1083-1095

Tsujimoto H, Ono S, Takahata R, Hiraki S, Yaguchi Y, Kumano I et al
(2012) Systemic inflammatory response syndrome as a predictor of
anastomotic leakage after esophagectomy. Surg Today 42(2):141-146
Barbaro A, Eldredge TA, Shenfine J (2021) Diagnosing anasto-
motic leak post-esophagectomy: a systematic review. Dis Esopha-
gus 34(2)

Fabbi M, Hagens ERC, van Berge Henegouwen MI, Gisbertz SS
(2021) Anastomotic leakage after esophagectomy for esophageal
cancer: definitions, diagnostics, and treatment. Dis Esophagu 34(1)
Persson S, Rouvelas I, Kumagai K, Song H, Lindblad M, Lundell
L et al (2016) Treatment of esophageal anastomotic leakage with
self-expanding metal stents: analysis of risk factors for treatment
failure. Endosc Int Open 4(4):E420-E426

Rausa E, Asti E, Aiolfi A, Bianco F, Bonitta G, Bonavina L (2018)
Comparison of endoscopic vacuum therapy versus endoscopic
stenting for esophageal leaks: systematic review and meta-analy-
sis. Dis Esophagus 31(11)

Hayami M, Klevebro F, Tsekrekos A, Samola Winnberg
J, Kamiya S, Rouvelas I et al (2021) Endoscopic vacuum
therapy for anastomotic leak after esophagectomy: a single-
center’s early experience. Dis Esophagus 34(9)

Andreou A, Biebl M, Dadras M, Struecker B, Sauer IM, Thuss-
Patience PC et al (2016) Anastomotic leak predicts diminished
long-term survival after resection for gastric and esophageal can-
cer. Surgery 160(1):191-203

Gujjuri RR, Kamarajah SK, Markar SR. Effect of anasto-
motic leaks on long-term survival after oesophagectomy for
oesophageal cancer: systematic review and meta-analysis. Dis
Esophagus 2021:34(3)

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	CRP as an early indicator for anastomotic leakage after esophagectomy for cancer: a single tertiary gastro-esophageal center study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients
	Surgical and perioperative management
	Definition of anastomotic leakage
	Data collection
	Statistical analysis

	Results
	Patient characteristics
	Surgical outcomes and pathological findings
	Predictors for anastomotic leakage and severe complications

	Discussion
	Anchor 19
	References




