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Abstract

Introduction: Deep Surgical Site Infections (DSSI, i.e. infection beneath 
the subcutaneous tissue with purulent drainage of deep wound layers) 
and/or Wound Dehiscence (WD) in patients undergoing Open Radical 
Cystectomy (ORC) may require secondary treatments. DSSI and WD are 
responsible for increased length of hospitalization and treatment costs.
The aim of our study was to identi fy ris� factors for ma�or wound compli�to identify ris� factors for ma�or wound compli-
cations such as DSSI/WD after ORC.

Methods: A retrospective study was performed in a single tertiary 
care hospital in patients undergoing ORC between 3/2008 and 4/2019. 
DSSI/WD during in�patient treatment for ORC was defined according to 
the criteria of the Centers for Disease Control and Prevention (CDC). Pa�Pa-
tient data was retrospectively screened for DSSI/WD. Predictors for DSSI/
WD were assessed using univariate and multivariate logistic regression 
models.

Results: In total, 411 ORC were performed during the observational pe-
riod. 18/411 patients (4.4%) developed DSSI and 26/411 patients (6.3%) 
WD. 43/44 (97.7%) required surgical re�intervention due to DSSI or WD. 
The most relevant, pre surgical predictors for DSSI or WD in multivariate 
analysis were body mass index (BMI; OR 1.07, 95%CI 1.01�1.13; p=0.027), 
patient age (OR 1.04, 95% CI 1.01�1.08; p=0.016) and chronic obstructive 
pulmonary disease (COPD; OR 3.34, 95%CI 1.48�7.17; p=0.003).

Conclusions: Our study shows that high BMI, old patient age and a pre�
condition of COPD are independent ris� factors for the development of 
DSSI/WD after ORC. Pre�operative identification of clinical factors allows 
for accurate ris� stratification and enables patient counselling regarding 
expectations of outcome in terms of wound related complications.
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Introduction

ORC with bilateral lymphadenectomy and urinary diver-
sion is the standard treatment for patients with muscle inva-
sive bladder cancer [1]. The operation may be performed as an 
open, laparoscopic or robot�assisted procedure. ORC is one of 
the most invasive urological procedures and despite improve-
ments in surgical techniques and perioperative management 
it remains associated with a high treatment-related morbidity 
and mortality. Perioperative complication and 30�day mortality 
rates range from 50.0 to 70.0% and 2.5 to 5.0%, respectively 
[2-5].

Surgical Site Infections (SSI) are a common complication af-
ter ORC. There are numerous studies reporting incidence rates 
between 2.0 and 23.0% in different series with a heterogeneous 
definition of SSI [2,5,6]. The Centers for Disease Control and 
Prevention (CDC) classify SSI in to: Superficial surgical site infec-
tions (SSSI, class A1), involving only the s�in and subcutaneous 
tissue, deep surgical site infections (DSSI, class A2) involving 
deep soft tissues, (i.e. facial and muscle layers) as well as organ 
space infections (OSI, class A3) occurring within 30 days of the 
operation [7]. While SSSI mostly do not need further surgical 
treatment, DSSI frequently require secondary treatment and/or 
surgical revision such as wound debridement, antibiotic treat-
ment and closure of the fascia in case of WD.

As a consequence, the deferred wound healing in ORC pa-
tients can cause a delay of ad�uvant chemotherapy, wor� time 
loss and longer convalescence. Kir�land et al. reported that pa-
tients with SSI are 60% more li�ely to be admitted to Intensive 
Care Unit (ICU), five times more li�ely to be re�admitted after 
hospital discharge and have a mortality rate that is twice as high 

[8]. A large body of literature exists that demonstrates the ex-
cess of morbidity and mortality as well as hospital stay prolon-
gation and cost overruns in patients suffering from SSI [2,5,9].

Relatively few studies have examined the incidence and ris� 
factors for WD in the urological field. WD is a severe complica-
tion with mortality rates as high as 45 % and incidence rates 
ranging from 0.4�3.5% [10,11]. WD is defined as a loss of in-
tegrity of fascial closure that may result in evisceration and re-
quires immediate treatment. Early identification is essential to 
prevent short� and long�term complications of particular con-
cern is that SSI is a well-documented cause of WD as bacteria 
and inflammatory factors are harmful to wound healing [11]. 
Kenig et al. consider SSI as the most important ris� factor for the 
development of WD in abdominal surgery [12]. Consequently, 
modifiable ris� factors should be managed to improve patient 
outcomes.

Apart from the significant impact on postoperative morbid-
ity and mortality, there are economic aspects that deserve men-
tioning. Bladder cancer is one of the most expensive cancers to 
treat and wound complications are among the top four most 
expensive complications [3]. In a previous study we have shown 
the economic impact of DSSI following ORC at our institution 

[13]. DSSI contribute to increased costs due to longer hospital-
ization time and readmissions. They represent a ma�or cause of 
cost and morbidity with a high impact on patients´ quality of 
life [2,13-15].

Summarizing, among all cancer surgeries ORC is one of the 
most clinically morbid and financially taxing. A better under-
standing of the development of DSSI/WD and its prevention is 
thus economically crucial.

The ob�ective of our study was to investigate the incidence 
of DSSI and WD in order to identify ris� factors for the devel-
opment of ma�or wound complications in patients undergoing 
ORC.

Material and methods

Study population

The study population consisted of 411 patients receiving 
ORC for urothelial carcinoma of the bladder. Data collection was 
performed from 03/2008�04/2019 in a single tertiary care hos-
pital. Patient data was retrospectively screened for DSSI/WD. All 
patient related data were retrospectively analyzed in full com-
pliance with the regulations for retrospective studies set up by 
the local Institutional Review Board and in compliance with the 
Declaration of Helsin�i.

Setting

All operations were performed in an aseptic setting following a 
standard operating procedure including the operative technique 
and the perioperative management (i.e. intravenous adminis-
tration of antibiotic agents and parenteral nutrition, mechanical 
bowel preparation the day before surgery). The type of urinary 
diversion (orthotopic neobladder, ileal conduit, ureterocutane-
ostomy, percutaneous nephrostomy or other urinary diversion) 
was selected according to medical reasoning and patients` pref-
erence. Postoperatively all patients were monitored for at least 
one night in an Intensive Care Unit (ICU). Discharge from the 
hospital was usually scheduled on the 14th postoperative day.

Definition of DSSI

SSI during in�patient treatment for ORC was defined accord-
ing the criteria of the CDC into superficial (CDC class A1), deep 
(CDC class A2) and organ space (CDC class A3) occurring within 
30 days postoperatively. In all three subtypes, one of the follow�In all three subtypes, one of the follow-
ing findings was set as criteria: purulent drainage from the inci-
sion site, pathogenic organisms isolated from an aseptically col-
lected culture, inflammatory symptoms from the incision (pain, 
tenderness, fever, localized pain) for superficial site infections, 
incision opened by a surgeon (unless culture negative or an ab-
scess was found on direct examination or radiologic evaluation) 
as well as diagnosis of a DSSI/WD by a surgeon or attending 
physician [7].

All patients with ORC were assessed. Patients with superfi-
cial (CDC class A1) and organ space infections (CDC class A3) 
were not regarded as DSSI/WD. Re�admitted patients were ex-
cluded from the study.

Data analysis

Data were stored in our institutional relational database. 
Continuous variables are expressed as mean ± SD (standard de-
viation) or median with range or IQR. Categorical variables are 
presented with relative and absolute frequencies. For between�
group comparisons of continuous data, p values were calculat-
ed from a two-sided t�test or a Mann�Whitney Test. Sensitivity 
and specificity for the prediction of DSSI or WD were visualized 
using Receiver�Operator�Characteristics (ROC) curves. Predic-
tors for DSSI and WD were assessed using a multivariate logis-
tic regression model. A p�value of ≤0.05 was regarded as cutoff 
for statistical significance. Statistical evaluation and illustrations 
were performed using statistical Software SPSS (version 25) and 
R Statistical Software (R version 3.6.2, Vienna, Austria. https://
www.R�pro�ect.org/).
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Results

In total, 411 open radical cystectomies were performed dur-
ing the observational period. 18 out of 411 patients (4.4%) de-
veloped DSSI and 26/411 patients (6.3%) WD. The dependent 
variable of interest was the development of DSSI or WD which 
occurred in 44 patients. In total 43/44 (97.7%) required surgical 
re�intervention due to DSSI or WD. Patients’ characteristics are 
summarized in Table 1.

Patient characteristics n, median, mean %, Range, SD

Patients 411 100%

Age (median, range) 69 yrs. 27 - 92 yrs.

Gender

  male 318 77.4%

  female 93 22.6%

Urinary diversion

  Ileal neobladder 104 25.3%

  Ileal conduit 218 53%

  Ureterocutaneostomy 69 16.8%

  Other 20 4.9%

Cystectomy, final histology

  T0 29 7.1%

  Tis 53 12.9%

  Ta 10 2.4%

  T1 45 10.9%

  T2a 49 11.9%

  T2b 39 9.5%

  T3a 47 11.4%

  T3b 55 13.4%

  T4a 61 14.8%

  T4b 11 2.7%

  NA 12 2.9%

WD 26 6.3%

DSSI 18 4.4%

WD or DSSI 44 10.7%

Table 1: Patients Characteristics for 411 patients with 
cystectomy. (WD = Wound Dehiscence, DSSI = Deep Surgical Site 
Infection).

Among the continuous parameters, patients’ age and BMI 
were the most significant parameters for the prediction of DSSI/
WD. The AUC (area under the curve) for BMI and patients’ age 
were 0.63 and 0.62 respectively (Figure 1). Median patient age 
was 69 years. (IQR 14.1 yrs.). The median age for patients with 
and without DSSI/WD was 72.5 (IQR 11.5) and 68.1 (IQR 15.0) 
years (p=0.011, Figure 2A). When loo�ing at patients below the 
age of 60 (n=99) at time of surgery and those over 80 years 
(n=38), the rates of DSSI/WD were 6.1% and 15.8%. Patient age 
at time of surgery remained a significant predictor for DSSI/WD 
on multivariate analysis (OR 1.04, 95%CI 1.01�1.08; p=0.016).

Figure 1: Receiver�Operator�Characteristic (ROC) for patients 
according to body mass index (BMI; solid line) and patients’ age 
(dotted line). Sensitivity and specificity analysis for DSSI/WD after 
ORC show an AUC (area under the curve) of 0.63 and 0.62 for BMI 
and patients’ age.

More than half of the study population, a total of 231 
(56.2%), had a BMI of >25 �g/m2. The mean BMI for all patients 
was 26.6 ± 4.8 �g/m2. The mean BMI for patients with and with-
out DSSI/WD was 28.0 ± 3.7 and 26.4 ± 4.9 �g/m2 respectively 
(p=0.014). From 63 patients in our cohort with a BMI of >30 �g/
m2, 10 (15.9%) developed DSSI/WD, while DSSI/WD occurred 
in only 7 (5.0%) out of 141 patients with a BMI of <25 �g/m2. 
The distribution of BMI values according to the development 
of DSSI/WD is depicted in Figure 2B. BMI remained a significant 
predictor for DSSI/WD on multivariate analysis (OR 1.07, 95%CI 
1.01�1.13; p=0.027). 

The barplot in Figure 2C shows percentages of patients with 
DSSI/WD with regard to history of COPD. A total of 45 patients 
had COPD (10.9%). Patients with COPD developed DSSI/WD in 
24.4% of cases (11/45 pts.), while only 9.0% of patients without 
COPD showed DSSI/WD (33/366 pts.). COPD remained a signifi-
cant predictor for DSSI/WD on multivariate analysis (OR 3.34, 
95%CI 1.48�7.17; p=0.003).

Figure 2: Boxplot (A) with the distribution of age for all patients 
according to the development of DSSI/WD. Boxplot (B) showing the 
distribution of BMI. Barplot (C) shows percentages and proportion 
of patients with and without DSSI/WD according to presence of 
COPD. 
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Parameter Overall (n=411) DSSI/WD (n=44) No DSSI/WD (n=367) P

Age (yrs.) 69.0 (27.0�92.0) 72.5 (39.0�85.1) 68.1 (27.0�92.0) 0.011

Gender 0.255

  male 318 (77.4%) 31 (9.7%) 287 (90.3%)

  female 93 (22.6%) 13 (14.0%) 80 (86.0%)

Urinary diversion 0.127

  neobladder 104 (25.3%) 6 (5.8%) 98 (94.2%)

  ileal conduit 218 (53.0%) 26 (11.9%) 192 (88.1%)

  ureterocutaneostomy 69 (16.8%) 11 (15.9%) 58 (84.1%)

  other 20 (4.9%) 1 (5.0%) 19 (95.0%)

Body mass index 26.6 ±4.8 28.0 ±3.7 26.4 ±4.9 0.014

COPD 0.004

 yes 45 (10.9%) 11 (24.4%) 34 (75.6%)

 no 366 (89.1%) 33 (9.0%) 333 (91.0%)

Serum Creatinine (mmol/l) 105.2 ±79.2 108.9 ±43.3 104.7 ±82.5 0.593

Peripheral artery disease 0.391

 yes 34 (8.3%) 5 (14.7%) 29 (85.3%)

 no 377 (91.7%) 39 (10.3%) 338 (89.7%)

Coronary artery disease 0.054

 yes 91 (22.1%) 15 (16.5%) 76 (83.5%)

 no 320 (77.9%) 29 (9.1%) 291 (90.9%)

Nicotine 1.000

 yes 135 (32.8%) 14 (10.4%) 121 (89.6%)

 no 276 (67.2%) 30 (10.9%) 246 (89.1%)

Diabetes mellitus 1.000

 yes 77 (18.7%) 8 (10.4%) 69 (89.6%)

 no 334 (81.3%) 36 (10.8%) 298 (89.2%)

 Blood sugar concentration (mg/dl) 6.1 ±1.7 6.8 ±2.7 6.0 ±1.6 0.112

 Oral medication 1.000

  yes 50 (12.2%) 5 (10.0%) 45 (90.0%)

  no* 361 (87.8%) 39 (10.8%) 322 (89.2%)

 Insulin 1.000

  yes 25 (6.1%) 2 (8.0%) 23 (92.0%)

  no 386 (93.9%) 42 (10.9%) 344 (89.1%)

 Dietary 0.191

  yes 27 (6.6%) 5 (18.5%) 22 (81.5%)

  no 384 (93.4%) 39 (10.2%) 345 (89.8%)

Immuno suppression 1.000

 yes 9 (2.2%) 1 (11.1%) 8 (88.9%)

 no 402 (97.8%) 43 (10.7%) 359 (89.3%)

Peripheral artery disease, coronary artery disease and nico-
tine consumption were present in 34 (8.3%), 91 (22.1%) and 
135 (32.8%) of cases and were not associated with DSSI/WD 
(p=0.391, p=0.054, p=1.000). Diabetes mellitus was present 

Table 2: Univariate analyses of putative predictor variables for deep surgical site infection / wound 
dehiscence (DSSI/WD). Age (p=0.011), body mass index (BMI; p=0.014) and chronic obstructive pulmonary 
disease (COPD; p=0.004) were associated with DSSI/WD.

in 77 patients and was not associated with DSSI/WD either 
(p=1.000). The type of urinary diversion was not associated 
with DSI/WD (p=0.127). Univariate and multivariate statistics 
are summarized in Table 2,3.
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Predictor OR 95% CI lower 95% CI upper p-value

Chronic obstructive pulm. disease 3.34 1.48 7.17 0.003

Body mass index 1.07 1.01 1.13 0.027

Age 1.04 1.01 1.08 0.016

Table 3: Multivariate logistic regression analysis.

Discussion

The present study analyses ris� factors for DSSI/WD after 
ORC in 411 consecutive patients treated in a German high vol-
ume university hospital. Our study shows that 4.4% of ORC pa-
tients developed DSSI and 6.3% WD and this finding is in line 
with earlier reports [2-6].

We observed that COPD is an independent ris� factor for the 
development of DSSI/WD (OR 3.34, 95%CI 1.48�7.17; p=0.003). 
This finding correlates with previous research [6,16�20].

COPD is often a consequence of longstanding tobacco con-
sumption, which is consistently associated with poor wound 
healing, necrosis and SSI. Patients frequently present with 
chronic cough and consequently recurrent increases in intra�
abdominal pressure which leads to higher stress on the wound 
edges, causing the sutures to cut through the muscles and fas-
cia. As van Ramshorst and co�wor�ers showed for abdominal 
surgery, coughing is an independent predictor for wound de-
hiscence [16].

Previous studies from general surgery by Haridas and co-
wor�ers with 10.253 patients and Kohut et al. including 67.445 
patients could also identify COPD as an independent ris� factor 
for SSI in multivariate analyses. The authors declare that pa-
tients with a precondition of COPD have lower tissue oxygen de-
livery and decreased physiological reserve. Therefore oxidative�
mediated mechanisms for microbial �illing are compromised 
and tissue oxigination is impaired [19,20].

Hollenbec� et al. studied postoperative complications in 
2,538 ORC patients. The authors stated that a patient with a his-
tory of COPD undergoing ORC is 3 times more li�ely to develop 
WD and 1.7 times more li�ely to develop SSI [18].

Sathianathen et al. evaluated the impact of smo�ing on ORC 
outcomes. 850 smo�ers with ORC were compared with 850 non�
smo�ers with ORC. Smo�ers had higher total complication rates 
(Clavien 3�5; 13.1% vs 7.4%), significantly more wound compli-
cations (16.9% vs 12.8%; OR 1.4; p=0.017) as well as more cases 
of WD (4.2 vs 2.4%; OR 1.9; p=0.028) [21].

In a systematic review and meta�analysis of 140 cohort stud-
ies on the clinical impact of smo�ing and smo�ing cessation in-
cluding almost 500.000 patients, Sørensen et al. concluded that 
smo�ing cessation for at least 4 wee�s before surgery reduces 
SSI, but not other healing complications. Patients should be en-
couraged to stop smo�ing at least 4 wee�s before surgery to 
reduce the ris� of SSI [22]. Interestingly, smo�ing was not identi-
fied as a significant ris� factor in our patients. Possibly a combi-
nation of smo�ing, COPD and frequent postoperative coughing 
is connected to an increased ris� of wound complications.

Furthermore, we demonstrated that a high Body Mass In-
dex (BMI) is related to an increased ris� for DSSI and WD in our 
study (OR 1.07, 95%CI 1.01�1.13; p=0.027). Several authors 
demonstrated that obesity increases the ris� of SSI. 

A previous report by Goldberg et al. shows that 22% of their 
patients suffered from SSI after ORC. In univariate and multi-
variate analyses higher BMI, ileal conduit and contemporary 
surgery during recent years were associated with higher SSI 
prevalence [23]. This observation is in accordance with other 
studies. Kaczmare� et al. as well as Par�er et al. reported that a 
BMI ≥30 was associated with a high ris� of infection [24,25]. The 
group around Kaczmare� concluded that obese patients should 
be encouraged to lose weight pre�operatively [24].

In addition, high patients´ age correlates with the ris� of ma-
�or wound complications in the present study. Kaczmare� et al. 
evaluated the incidence, associated pathogens and ris� factors 
of postoperative infections in 134 patients treated by ORC in 
2018. SSI occurred in 7.46% of cases. Age, BMI ≥30 and laparo�Age, BMI ≥30 and laparo-
scopic approach were related to an increased ris� of infection in 
multivariate analyses [24].

In a retrospective study from Spain, Gili�Ortiz and cowor�-
ers studied ris� factors for SSI in 4.377 patients with ORC from 
87 Spanish hospitals. Patients with SSI were significantly older 
than patients without SSI [15]. The results correspond to those 
by Hollenbec� et al., who concluded that age is a significant ris� 
factor for complications following ORC. The authors reported a 
rate of wound infections of 5.2% and disruption of the fascia in 
5.5 % in 2538 patients after ORC [18].

A study by Til�i et al. compared perioperative complications 
in patients 75 years and older to younger patients (<75) that un-
derwent ORC for bladder cancer. Total WD rate was 5.9%. There 
was no significant difference between elderly and younger pa-
tients (≥75 years: 5.9 %, <75 years: 7.5%, p=0.42). However, only 
a small proportion (85/326; 26%) of the patients in this study 
was ≥75 years old [26]. In comparison, Haden et al. reported a 
higher ris� for wound infections in younger patients undergoing 
radical cystectomy. Patients aged ≥70 years (1217/1710; 71.2%) 
were compared to patients ≥80 years (493/1710; 28.8%). 
Wound infection rate was significantly higher in the septuage-
narians compared to the group of patients ≥80 (7.3% vs 4.1%; 
p=0.01). Nevertheless, the authors consider the higher BMI in 
the younger patients` group tobe the reason for the higher rate 
of wound infections in these patients. This finding conforms 
with our results [27].

Recapitulating, ORC remains an operative procedure with 
significant morbidity and mortality. Clinicians should be aware 
of modifiable ris� factors for SSI in urology. Regarding the re-
sults from this study, it is difficult to frame clear recommenda-
tions for preoperative modification of these ris� factors as most 
of them are intrinsic. Patients` age is fixed and a reduction of 
weight is mostly unrealistic due to the usually pressing matter 
of cystectomy. At best, patients should be encouraged to stop 
smo�ing before surgery to reduce the ris� of SSI.

Several limitations should be pointed out in the current 
study: 1. We only included patients with DSSI/WD that occurred 
during their stay in our hospital but not from re-admissions that 
may have occurred later. 2. This is a single institution study and 
our results may not exactly apply for non-university hospitals in 
Germany or other countries. 3. Data were retrieved based on 
standard protocols and although assessment bias is not li�ely 
for most of these variables, it might have played a role in the 
detection and diagnosis of infections. 4. By using multivariate 
regression, the ris� of confounding is reduced. However, con-
founding by unmeasured and/or un�nown factors is difficult to 
exclude.
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Conclusion

In summary, our results show that high patient age, high BMI 
and COPD are associated with an increased ris� of DSSI/WD af-
ter ORC. Patient selection, preoperative counseling as well as 
ris� adapted treatment strategies should be implemented for 
patients undergoing radical cystectomy for urothelial carcinoma 
of the bladder. Special emphasis may be placed on the param-
eters identified here.
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