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Abstract
Purpose The aim of the present study was to identify risk factors associated with postoperative morbidity and major mor-
bidity, with a prolonged length of hospital stay and with the need of readmission in patients undergoing appendectomy due 
to acute appendicitis.
Methods We performed a retrospective analysis of 1638 adult patients who underwent emergency appendectomy for pre-
operatively suspected acute appendicitis from 2010 to 2020 at the University Hospital Erlangen. Data including patient 
demographics, pre-, intra-, and postoperative findings were collected and compared between different outcome groups 
(morbidity, major morbidity, prolonged length of postoperative hospital stay (LOS) and readmission) from those patients 
with verified acute appendicitis (n = 1570).
Results Rate of negative appendectomies was 4%. In patients with verified acute appendicitis, morbidity, major morbidity 
and readmission occurred in 6%, 3% and 2%, respectively. Mean LOS was 3.9 days. Independent risk factors for morbidity 
were higher age, higher preoperative WBC-count and CRP, lower preoperative hemoglobin, longer time to surgery and longer 
duration of surgery. As independent risk factors for major morbidity could be identified higher age, higher preoperative CRP, 
lower preoperative hemoglobin and longer time to surgery. Eight parameters were independent risk factors for a prolonged 
LOS: higher age, higher preoperative WBC-count and CRP, lower preoperative hemoglobin, need for conversion, longer 
surgery duration, presence of intraoperative complicated appendicitis and of postoperative morbidity. Presence of malignancy 
and higher preoperative WBC-count were independent risk factors for readmission.
Conclusion Among patients undergoing appendectomy for acute appendicitis, there are relevant risk factors predicting post-
operative complications, prolonged hospital stays and readmission. Patients with the presence of the identified risk factors 
should receive special attention in the postoperative course and may benefit from a more individualized therapy.

Keywords Acute appendicitis · Appendectomy · Risk factors · Morbidity · Readmission

Introduction

Acute appendicitis is one of the most common diseases 
in visceral surgery, worldwide. Analyses of the last years 
show a consistently high incidence in western countries. 

Moreover, data from newly industrialized countries suggests 
that appendicitis is rising rapidly in these regions. During 
the twenty-first century, the incidence of acute appendicitis 
in Western Europe was 151/100,000 person-years [1]. In 
Germany, this rate was slightly lower (123/100,000 person-
years in 2017) [2].

The treatment of acute appendicitis is subject of a con-
tinuing debate about the best practice of therapeutic man-
agement. There are several studies, which suggest a non-
operative management of acute appendicitis by antibiotic 
therapy [3–7]. Proponents of conservative treatment argue 
with the risk of surgical complications in favor of conserva-
tive therapy.

 * Maximilian Brunner 
 Maximilian.Brunner@uk-erlangen.de

1 Department of General and Visceral Surgery, Friedrich-
Alexander-University Erlangen-Nürnberg (FAU), 
Krankenhausstraße 12, 91054 Erlangen, Germany

2 Department of General, Visceral, Thoracic 
and Vascular Surgery, University Greifswald, 
Ferdinand-Sauerbruch-Straße, 17475 Greifswald, Germany

http://crossmark.crossref.org/dialog/?doi=10.1007/s00068-023-02225-9&domain=pdf
http://orcid.org/0000-0002-2124-3103
http://orcid.org/0000-0002-3523-198X
http://orcid.org/0000-0002-2537-5824
http://orcid.org/0000-0003-2559-0476
http://orcid.org/0000-0001-9615-321X


1356 B. L. Bancke Laverde et al.

1 3

However, until now prompt appendectomy may be still 
the therapy of choice for most patients with acute appen-
dicitis [8, 9]. Moreover, previous studies show moderate 
morbidity rates after appendectomy between six and nine 
percent [10–14].

Nevertheless, knowledge of risk factors, that could affect 
negatively the surgical outcome, can help to improve the 
quality of treatment through differentiated treatment and 
individual postoperative measures for at-risk patients. Peri-
operative complication rate as well as length of postopera-
tive stay and readmission rate represent important universal 
indicators of surgical treatment quality.

The primary objective of the present study was to identify 
risk factors associated with the development of morbidity 
and major morbidity, with a prolonged length of hospital 
stay and with the need of readmission in patients undergoing 
appendectomy due to acute appendicitis.

Methods

This retrospective analysis includes 1638 consecutive 
patients (age ≥ 18 years), who underwent an emergency 
appendectomy for preoperatively suspected acute appendici-
tis at the Department of General and Visceral Surgery of the 
University Hospital of Erlangen between January 2010 and 
December 2020. Patients with one of the following criteria 
were excluded: (1) patients with age younger than 18 years; 
(2) appendectomies without preoperatively suspected acute 
appendicitis.

Patients were stratified into two groups: (1) patients with 
intraoperatively or histopathologically verified acute appen-
dicitis and (2) patients with negative appendectomies. Post-
operative outcome parameters (morbidity, major morbidity, 
length of hospital stays and readmission) were compared 
between these two groups.

Further analysis was performed using only patients with 
intraoperatively or histopathologically verified acute appen-
dicitis. Therefore, data about patients demographics, comor-
bidities, preoperative findings (blood results, ultrasound, CT 
scan), intraoperative findings, histopathological findings and 
postoperative course were obtained and analyzed. The time 
interval between the first clinical examination of the patients 
and the first incision for the operation was defined as the 
time to appendectomy. Gangrenous or perforated appendi-
citis and/or presence of perithyphilitic abscess were defined 
as complicated appendicitis.

Primary aim of this study was to identify risk factors for 
morbidity, major morbidity, prolonged length of hospital 
stays and readmission after appendectomy for acute appen-
dicitis. Therefore, we stratified our acute appendicitis study 
cohort according to these four parameters into comparison 
groups: No postoperative morbidity versus postoperative 

morbidity, no major postoperative morbidity versus major 
postoperative morbidity, no prolonged length of hospital 
stay (LOS) versus prolonged LOS and no readmission ver-
sus readmission. Morbidity was defined as any deviation 
from the normal postoperative course and was classified 
according to the Clavien–Dindo classification [15]. Morbid-
ity ≥ grade III according to Clavien–Dindo was considered 
as major morbidity. A postoperative hospital stay > 5 days 
was recognized as prolonged length of hospital stay (LOS). 
All readmissions within three months after surgery, which 
were related to appendectomy, were considered.

This study was approved by the Ethics Committee of FAU 
Erlangen (22-157-Br).

Diagnostic and therapeutic algorithm of patients 
with acute appendicitis

At first admission, all patients received a blood test includ-
ing hemogram, inflammatory and coagulation parameters as 
well as an abdominal ultrasound preoperatively. If diagno-
sis was still unclear an abdominal CT-scan was indicated. 
Intraoperative findings were documented by the surgeons in 
their surgical report. The intraoperative collection of mate-
rial for microbiological examination was made depending on 
the surgeon’s decision. All appendectomy specimens were 
examined histopathologically. In the postoperative course, 
blood examinations were carried out depending on the clini-
cal status of the patients.

Statistical analysis

Statistical analyses were performed with SPSS Statistic 
(Version 28.0, IBM). Comparisons of ordinal and metric 
data were calculated with Mann–Whitney U test or Student’s 
t test. For categorical data, the chi-square test was used. Sta-
tistical significance was set a p < 0.05. Multivariate analysis 
was performed with in univariate analysis identified risk fac-
tors for at least one of the outcome parameter (morbidity, 
major morbidity, prolonged LOS or readmission). Parameter 
with incomplete data and postoperative parameters, which 
represent sequelae and not risk factors of outcome param-
eters were excluded from the multivariate analysis. Cutoffs 
for metric risk factors were calculated using ROC analysis. 
Independent risk factors in the multivariate analysis were 
included in analysis of risk factor score.

Results

A total of 1638 patients, who underwent emergency appen-
dectomy during study period, were included.
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Negative appendectomy vs. appendectomy 
for acute appendicitis

Negative appendectomies were performed in 68 patients (4%). 
Patients with negative appendectomy had a significantly shorter 
length of postoperative stay compared to those with verified 
acute appendicitis (3.4 vs. 3.9 days, p = 0.003). Morbidity, major 
morbidity and readmission occurred in 3%, 3% and 0%, respec-
tively, and did not differ compared to patients with appendicitis.

Outcome parameter after appendectomy for acute 
appendicitis

In 1570 patients, acute appendicitis was verified intraop-
eratively and/or histopathologically. Mean age of these 

patients was 39 ± 17 years. 48% of patients were female. 

In 99 patients (6%) postoperative morbidity occurred. The 
most common complications were wound infections (19%), 
followed by intra-abdominal abscesses (13%) and non-
surgical cardiopulmonary complications (12%) (Table 1). 
49% of patients with postoperative complications suffered 
from minor morbidity (Clavien–Dindo I and II), whereas 
51% had major morbidity (Clavien–Dindo III to V). Two 
cases of in-hospital-mortality (0.13%) were observed: 
One 80-year-old man with myelodysplastic syndrome and 
advanced appendicitis underwent an appendectomy by con-
version and developed postoperative intestinal ischemia. 
The second patient was a 60-year-old male, who underwent 
an uncomplicated open appendectomy and who was found 
dead on the 2nd postoperative day after an uncomplicated 
postoperative course. The cause of death remained unclear 

as no autopsy was performed. Mean length of postoperative 

Table 1  Outcome parameter (morbidity, length of hospital stay and hospital readmission) after appendectomy for acute appendicitis (n = 1570) 
and negative appendicitis (n = 68)

Significant p values are in bold

Outcome parameter Intraoperative and/or patho-
logical appendicitis

Negative appendec-
tomies

p value

Number 1570 (96) 68 (4)
In-hospital Clavien–Dindo 0.317

 0 1471 (94) 66 (97)
 I 25 (2) 0 (0)
 II 24 (1) 0 (0)
 III 38 (2) 2 (3)
 IV 10 (1) 0 (0)
 V 2 (0) 0 (0)

Cause for morbidity –
 Surgical causes
 Wound infection 19 (19) 0 (0)
 Intra-abdominal abscess 13 (13) 0 (0)
 Paralysis/ileus 6 (6) 0 (0)
 Bleeding 4 (4) 0 (0)

Appendiceal stump insufficiency 0 (0) 0 (0)
 Non-surgical causes 12 (12) 1 (50)
 Cardio-pulmonary complication 12 (12) 1 (50)
 Uro-genital complication 7 (7) 0 (0)

Others 38 (38) 1 (50)
 Re-surgery 21 (1) 1 (1) 1.000
 Length of postoperative hospital stay (in days) 3.9 ± 4.5 3.4 ± 3.6 0.003

After discharge  Appendectomy-related readmission 30 (2) 0 (0) 0.269
Reasons for readmission – –
 Paralysis/ileus 9 (30)
 Intra-abdominal abscess 5 (17)
 Malignancy 5 (17)
 Wound infection 4 (13)
 Abdominal pain 4 (13)
 Others 3 (10)
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hospital stay (LOS) amount 3.9 ± 4.5 days. In 21 patients 
(1%), a reoperation was necessary. There were 30 patients 
requiring appendectomy-related readmission (2%) (Table 1).

Baseline patient characteristics of patients 
with acute appendicitis

Demographics characteristic of patients stratified to the 
subgroups morbidity, major morbidity, prolonged LOS and 
readmission are shown in Table 2. Risk factors for at least 
one of the outcome parameter were age, BMI, ASA, Diabe-
tes. Gender, smoking, Crohn’s disease and ulcerative colitis 
did not differ between the groups.

Preoperative, intraoperative, histopathological 
and postoperative findings of patients with acute 
appendicitis

Regarding the perioperative data following parameter were 
identified to be significantly associated for at least one of the 
outcome parameter (morbidity, major morbidity, prolonged 
LOS, readmission): preoperative blood results including 
WBC count, CRP, hemoglobin and creatinine, intraabdomi-
nal fluid in preoperative diagnostic, time to appendectomy, 
surgical experience, surgical approach, duration of surgery, 
appendix stump closure in laparoscopic surgery, necessity of 
coecum resection, intraoperative findings including perfora-
tion, gangrene, perithyphilitic abscess presence of compli-
cated appendicitis, presence of complicated appendicitis or 
malignancy in histopathology, postoperative blood results 
on postoperative day 1 including WBC count, CRP, hemo-
globin and creatinine, microbiological detection of bacteria 
as well postoperative radiological diagnostic, postoperative 
abdominal CT and postoperative use of antibiotics (Tables 2, 
3, 4). There were no significant difference for appendiceal 
diameter in preoperative radiological diagnostics among the 
groups (Table 5).

Multivariate analysis of patients with acute 
appendicitis

Sixteen (morbidity and major morbidity) respectively sev-
enteen (prolonged LOS) respectively eighteen (readmission) 
identified risk factors were included to multivariate analysis 
(Table 5), whereby the cutoffs of the metric risk factors were 
previously determined using ROC analysis (Supplementary 
Table 1):

There were six independent risk factors for morbid-
ity: age > 50  years (OR 3.79 (2.22–6.49); p < 0.001), 
preoperative WBC count > 14.7 ×  109/l (OR 2.01 
(1.22–3.30); p = 0,006), preoperative CRP > 71  mg/l 
(OR 2.45 (1.40–4.28); p = 0.002), preoperative hemo-
globin ≤ 13.7 g/dl (OR 0.45 (0.25–0.78); p = 0,005), time to 

appendectomy > 442 min (OR 1.90 (1.17–3.08); p = 0.009) 
and duration of surgery > 64 min (OR 2.67 (1.53–4.68); 
p < 0.001).

Four independent risk factors could be identified for 
major morbidity: age > 52 years (OR 2.90 (1.37–6.10); 
p = 0.005), preoperative CRP > 74  mg/l (OR 2.56 
(1.16–5.65); p = 0.020), preoperative hemoglobin ≤ 13.7 g/
dl (OR 0.28 (0.13–0.61); p = 0.001) and time to appendec-
tomy > 442 min (OR 2.48 (1.26–4.85); p = 0.008).

Eight parameters were independent risk factors for a pro-
longed hospital stay: age > 50 years (OR 2.41 (1.55–3.75); 
p < 0.001), preoperative WBC count > 13.8 ×  109/l (OR 
2.19 (1.43–3.36); p < 0.001), preoperative CRP > 83 mg/l 
(OR 2.23 (1.42–3.52); p < 0.001), preoperative hemo-
globin ≤ 13.7 g/dl (OR 0.57 (0.34–0.94); p = 0.029), need 
for conversion (OR 4.91 (2.39–10.07); p < 0.001), surgery 
duration > 64 min (OR 1.90 (1.21–2.98); p = 0.005), pres-
ence of intraoperative complicated appendicitis (OR 4.00 
(2.39–6.70; p < 0.001) and presence of postoperative mor-
bidity (OR 23.38 (12.16–44.94); p < 0.001).

Multivariate analysis revealed two independent risk fac-
tors for readmission: preoperative WBC count > 13.9 ×  109/l 
(OR 2.28 (1.01–5.18); p = 0.049) and presence of malig-
nancy (OR 15.27 (4.47–52.12); p < 0.001).

Absolute risk values for morbidity, major morbidity, 
prolonged LOS and readmission according 
to presence of the identified independent risk 
factors in patients with acute appendicitis

Table 6 shows the absolute risk values for morbidity, major 
morbidity, prolonged LOS and readmission according to the 
number of present identified independent risk factors.

Discussion

Appendectomy for suspected acute appendicitis is one of the 
most common emergency surgeries and is usually associ-
ated with moderate morbidity. However, particularly in the 
context of the ongoing discussion about non-operative man-
agement of acute appendicitis, advocates of the conservative 
therapy use negative appendectomies and especially surgical 
morbidity as an argument. The aim of the present study was 
to analyze risk factors associated with the development of 
morbidity and major morbidity, with a prolonged length of 
hospital stay and with the need of readmission in patients 
undergoing appendectomy due to acute appendicitis.

In our cohort, the rate of negative appendectomies was 
low (4%), which underlines a differentiated indication for 
surgery. In literature, rates of negative appendectomy vary 
enormously and are usually higher than ours [16–18]. Nega-
tive appendectomies were associated with a shorter hospital 
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stay compared to appendectomies for acute appendicitis 
and with a low morbidity (3%) in our study. These results 
are consistent with previous data from Lee et al., although 
a longer LOS was only observed comparing complicated 
appendicitis and negative appendectomy [18].

The overall complication rate after appendectomy for 
acute appendicitis in our study was 6% and therefore con-
sistent with previous data from literature [10–14]. We could 
identify six independent risk factors for morbidity: higher 
age, higher preoperative WBC count, higher preoperative 
CRP, lower preoperative hemoglobin, longer time to sur-
gery and longer duration of surgery. All these associations 
are supported by previous studies [11, 19–22]. Particularly 
high WBC counts and high CRP values as well as indirectly 
a longer surgical time are indicators of severe appendicitis, 
which per se are likely to be associated with higher morbid-
ity. In literature, higher creatinine levels at admission could 
be identified as further risk factor, but preoperative creati-
nine failed to be significant in our results [11, 21].

In our cohort, about half of patients with postoperative 
complications had major morbidity (Clavien–Dindo III–V). 
This rate was slightly higher than those reported in litera-
ture [11, 12, 14, 21, 23]. On the other side, mortality was 
0.13% in our study group, which is lower than reported by 
two big European analysis with over 100,000 patients (mean 
mortality of 2.1–2.4 per 1000 patients) [24, 25]. Our results 

revealed higher age, higher preoperative CRP, lower preop-
erative hemoglobin and longer time to surgery as independ-
ent risk factors for major morbidity. Comparable data for the 
outcome of major morbidity are limited. A polish analysis 
with over 4000 laparoscopic appendectomies showed an 
association between complicated appendicitis and intraop-
erative adverse events with major morbidity, which could 
not be confirmed by our data [14].

Our data support the importance of timely surgery after 
diagnosis to reduce the risk of morbidity and major morbid-
ity. The best timing of surgery for acute appendicitis is a fre-
quently discussed aspect—especially in the face of limited 
surgical capacity and different competing emergency surger-
ies. Previous studies show controversial results [11, 26–33]. 
A Dutch meta-analysis from 2018 show that delaying appen-
dectomy up to 24 h after admission does not appear to be 
a risk factor for complicated appendicitis, postoperative 
surgical-site infection or morbidity, when an uncomplicated 
appendicitis is presumed at admission [34]. Li et al. demon-
strated no significant difference in complicated appendicitis 
incidence by delayed appendectomy over 12 h; however the 
risk of wound infection was slightly increased [35]. Moreo-
ver, the risk of complicated appendicitis was more strongly 
associated with overall elapsed time from symptoms pres-
entation [35]. However, our study did not include the delay 
from symptoms presentation until the incision time. In our 

Table 6  Risk for morbidity, 
major morbidity, prolonged 
hospital stay and readmission 
depending on the number 
of independent pre- and 
intraoperative risk factors

*Six independent risk factors for morbidity: age > 50 years, preoperative WBC count > 14.7 ×  109/l, preop-
erative CRP > 71 mg/l, preoperative hemoglobin ≤ 13.7 g/dl, time to appendectomy > 442 min, duration of 
surgery > 64 min. Cut-offs for metric parameters assessed by ROC analysis (Supplementary Table 1)
**Four independent risk factors for major morbidity: age > 52 years, preoperative CRP > 74 mg/l, preopera-
tive hemoglobin ≤ 13.7 g/dl, time to appendectomy > 442 min. Cut-offs for metric parameters assessed by 
ROC analysis (Supplementary Table 1)
***Eight independent risk factors for a prolonged hospital stay: age > 50 years, preoperative white blood 
cells > 13.8 (×  109/l), preoperative CRP > 83 mg/l, preoperative hemoglobin ≤ 13.7 g/dl, conversion, dura-
tion of surgery > 64 min, intraoperative complicated appendicitis, morbidity. Cut-offs for metric parameters 
assessed by ROC analysis (Supplementary Table 1)
****Two independent risk factors for readmission: preoperative WBC count > 13.9 ×  109/l, malignancy. 
Cut-offs for metric parameters assessed by ROC analysis (Supplementary Table 1)

Number of risk factors Morbidity* Major morbidity** Prolonged hospital 
stay***

Readmis-
sion****

n Risk n Risk n Risk n Risk

All patients 1570 1570 1570 1570
0 188 0.0% 410 0.3% 237 1.1% 1550 1.1%
1 363 0.6% 546 0.7% 438 0.9% 17 3.3%
2 437 3.0% 365 3.3% 393 4.3% 3 33.3%
3 334 6.6% 201 9.5% 205 11.2%
4 177 16.4% 46 23.9% 147 39.5%
5 62 37.1% 83 50.6%
6 9 77.8% 49 79.6%
7 16 87.5%
8 2 100%
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collective, the ROC analysis showed a cut-off of 442 min as 
the best differentiation for the presence of an increased risk 
of morbidity after appendectomy for acute appendicitis. A 
similar cut-off were observed in another study by Teixeira 
et al., that showed an increased incidence of wound infec-
tions and intra-abdominal abscess after a delay of more than 
6 h for performing appendectomy [32]. According to a sub-
group analysis in our collective, early surgery is particularly 
important in the presence of complicated appendicitis, which 
is in line with existing data [11].

Our data confirm that occurrence of morbidity and 
major-morbidity result in further sequelae for the affected 
patients—especially further radiological diagnostics and 
higher need of postoperative antibiotics. However, based on 
these associations, our data cannot provide further evidence 
to an ongoing debated issue of the need of postoperative 
antibiotics. A recent Dutch meta-analysis found no clear 
evidence about the duration of antibiotic therapy and the 
incidence of intra-abdominal abscesses, which underlines 
the need for further high-quality studies to make adequate 
recommendations on this topic [36].

In our study, the occurrence of a complication also rep-
resented the most important risk factor for a longer hospital 
stay. Patients with postoperative complications had a 23-fold 
increased risk of prolonged hospital stay. In addition, other 
risk factors could also be identified—most of them were 
again indicator of severe appendicitis: age, preoperative 
laboratories (CRP, WBC count and hemoglobin) as well 
as conversions rate, duration of surgery and presence of an 
intraoperative complicated appendicitis. These results are 
in line with previous studies, which could reveal a correla-
tion between complicated appendicitis, age, postoperative 
morbidity and converted appendectomy with more extended 
hospital stay [14, 37–41]. Moreover, Zhang et al. demon-
strated an association between duration of surgery, preopera-
tive WBC count, and CRP levels with a prolonged hospital 
stay [40].

Our readmission rate was low (2%) compared to a current 
meta-analysis (readmission rate of 4.8%) [42]. Our identified 
risk factors for readmission were high preoperative WBC 
count and malignancy. Malignancy requires a high prob-
ability of further therapy, which explains a renewed hospi-
talization. The association between high WBC counts and 
readmission may be explained again by the causal chain of 
more severe appendicitis and the resulting higher morbid-
ity. However, the already mentioned meta-analysis includ-
ing over 800,000 appendectomies identified the presence 
of complicated appendicitis and diabetes mellitus as risk 
factors, which was not confirmed in our study [42].

As a consequence, the identified risk factors of the sur-
gical outcome parameters morbidity, major morbidity, 
length of hospital stay and readmission can be used to take 
early preventive measures in patients at risk and to identify 

complications early on through intensified postoperative 
monitoring to alleviate the extent of the complication. How-
ever, the risk factors identified are less suitable for the indi-
cation for surgery, since only preoperative risk parameters 
can be used and some of the preoperative risk factors (age, 
high CRP values) represent also risk factors for the presence 
of appendix malignancy [43].

Several limitations exist regarding our data: first, the 
retrospective nature of this study and single-center design 
can incur some bias. Second, there is a selections bias, as 
patients with signs of complicated appendicitis were oper-
ated more quickly and by more experienced surgeons. More-
over, inclusion of open and minimal-invasive approach for 
appendectomy could bias results, but has the advantage to 
reflect a real-world scenario. Third, there is a lack of estab-
lished protocols used in the University Hospital Erlangen to 
treat patients with acute appendicitis potentially affecting 
the results of our study. Fourth, there are always some inter-
ferences between parameters, e.g. duration of surgery and 
conversion rate depends on experience of surgeons.

Conclusion

Among patients undergoing appendectomy for acute appen-
dicitis, accurate risk assessment can help to identify patients 
with a higher risk for worse surgical outcome. Especially 
modifiable risk factors, such as time to appendectomy and 
preoperative hemoglobin, should be addressed. Anyway, risk 
classification can be useful as patients at risk may benefit 
from special attention in the postoperative course and from 
a more customized therapy.
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