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a complication of PPI. The results demonstrated that the 
NLR value could be a potential laboratory parameter for 
predicting early postoperative infectious complications in 
patients undergoing PPI.
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Introduction

Erectile dysfunction (ED) is the most common male sex-
ual disorder after premature ejaculation. The incidence of 
ED is age-related and nearly affects more than half of men 
between 40 and 70 years of age [1, 2]. Surgical implanta-
tion of a penile prosthesis is the preferred option for defini-
tive treatment of ED for men who do not respond to or are 
unwilling to consider pharmacologic or less-invasive treat-
ment methods [3]. Patients who underwent penile pros-
thesis implantation have higher satisfaction levels than the 
patients using intracavernosal injections or phosphodiester-
ase type-5 inhibitors.(PDE5I) [4].

Although PPs have a high satisfaction rate for patients 
and their partners, like all implanted devices, PPs are 
potentially subject to postoperative infection [5]. Improve-
ments in surgical procedure, device design, and antibiotic 
regime have decreased the incidence of infection. Despite 
these factors, the prevalence of penile prosthesis infection 
(PPI) in modern series is estimated to be between 1 and 
20% [6, 7]. These rates may further decline dramatically 
with the use of drug-coated prostheses for both first time 
and repeat implantations [8, 9].

Infections of implants or prosthesis are one of the most 
challenging and particularly devastating complications 
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associated with the implantation of these devices because 
they cannot be treated with antibiotics alone and require 
the revision surgeries or removal of all device compo-
nents. All these interventions cause to high financial costs 
and patient comorbidities. In order to minimize these 
troubles, foresight of the prosthetic device infection prior 
to the implantation is crucial. In accordance with this pur-
pose, preoperative inflammation markers have become the 
point of interest. In a systematic review and meta-analysis, 
Berbari et al. [10] reported that preoperative interleukin-6 
(IL-6), C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR), and white blood cell count have diagnos-
tic accuracies for prosthetic joint infection in patients with 
a total hip or knee arthroplasty. Neutrophil-to-lymphocyte 
ratio (NLR) is an easy, cheap, widely available, robust, and 
convenient biomarker of the inflammatory response and 
has been shown to predict outcomes in oncology, digestive 
and cardiovascular diseases, and hematogenous infections 
[11–13]. Recently, a link between systemic inflammation 
and postoperative morbidity was identified by Moyes et al. 
[14]. In their study, the presence of the preoperative sys-
temic inflammatory response itself independently predicted 
postoperative infectious complications in patients under-
going curative resection for colorectal cancer. In another 
study, Yombi et al. [15] suggested that NLR is potentially 
a better biomarker to follow-up of postoperative inflamma-
tion or early infection after total knee arthroplasty.

Above-mentioned studies present a complex link 
between systemic inflammation and postoperative morbid-
ity. In our study, we aimed to investigate the relationship 
between systemic inflammatory response and early postop-
erative infectious complications in patients undergoing PPI. 
In this context, in order to reveal this relationship, we used 
NLR as a systemic inflammation marker.

Materials and methods

Patients undergoing PPI for ED between August 2001 and 
September 2015 at a single institution were identified using 
a prospectively maintained database. These data were ana-
lyzed retrospectively, with additional information obtained 
from hospital records. Informed consent was obtained from 
all participants included in the study.

Indications for PPI were failure or intolerance of medi-
cal treatment, confirmation of ED by Doppler ultrasound 
or cavernosography, and severe ED. Patients with irregular 
follow-up, missing data and patients who had undergone 
secondary implant surgery were excluded from the study.

All men underwent medical and psychiatric counseling 
prior to penile prosthesis implantation. Insertion of a penile 
prosthesis was postponed if the urine was infected or 
patient’s inner thigh and perineal region showed evidence 

of skin rash, pimples, or infection. All operations were per-
formed by two experienced surgeons in the single center 
under the intravenous antibiotic prophylaxis and spinal 
anesthesia. With a 10-min surgical scrub following intra-
operative surgical shave and stringent surgical practice 
such as full protective head cover and limited theater traf-
fic, the penile prosthesis was implanted. In most cases, a 
single penoscrotal incision was performed; an infrapubic 
incision was used for implantation of three-piece IPP. The 
device was irrigated with mixed antibiotics solution before 
implantation and prophylactic antibiotic was prescribed 
until the postoperative 7th day and activation of device was 
scheduled in the 6th week after surgery. The most com-
monly implanted PP types were AMS 600-650 followed 
by Mentor Acu-Form, AMS Ambicor, AMS 700 CX, AMS 
Ultrex, and AMS Ultrex Plus (AMS, Inc., Minnetonka, 
MN, USA; Mentor, Goleta, CA, USA).

All patients were followed up for a minimum of 
12  months postoperative. All surgical complications such 
as prosthesis infection, wound infection or hematoma, and 
any revision or explantation surgeries were recorded. The 
data about preoperative assessment and postoperative com-
plications were collected retrospectively from the patients’ 
records. Complete blood cell count (CBC) was measured at 
1–7 days prior to the surgery, and the NLR was calculated 
as the absolute neutrophil count divided by the absolute 
lymphocyte count.

Statistical analysis

Data were analyzed with SPSS version 20.0 statistical 
software (SPSS Inc., Chicago, IL, USA). Comparability 
between groups was tested using the independent samples t 
test for continuous variables and the Chi-square test for cat-
egorical variables. Receiver operating characteristic (ROC) 
curve was generated to assess the predictive role of NLR 
for postoperative complications. A cutoff value for NLR 
was calculated using Youden index method.

Results

Totally, 361 patients underwent PPI surgery in our clinic. 
After the exclusion of patients with missing data, a total of 
153 patients were included in the study. The mean age of 
the patients was 56.4 ± 8 years (28–72 years). The major-
ity of patients (56 patients (36.6%)) underwent PPI due 
to diabetes mellitus. The remaining 43 patients (28.1%) 
underwent surgery for vascular diseases, and 39 patients 
(25.5%) had radical pelvic surgery. Forty-nine patients 
(32%) underwent malleable PPI, and 104 patients (68%) 
had semirigid PPI (Table 1).
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Mean follow-up time was 56.7  ±  30.4  months (12–
108  months). Early postoperative complications were 
occured in 18 patients (11.8%). These complications were 
prosthesis infection in 8 patients (5.2%), wound infec-
tion in 6 patients (3.9%), and urinary tract infection in 4 
patients (2.6%) (Table  2). All these complications were 
occured within the first year of the PPI. On the infected 
prosthesis, the most commonly identified organisms were 
Escherichia coli (in 5 patients), Staphylococcus epider-
midis (in 3 patients), and Staphylococcus aureus (in 2 
patients) (Table 3). Of the complicated patients, 5 of them 
underwent revision surgery (3.3%) due to wound infection 
and abscess formation and 10 of them (6.5%) underwent 
prosthesis explantation.   

Preoperative neutrophil count and NLR were signifi-
cantly higher in complicated group; however, lymphocyte 

count was significantly higher in uncomplicated group. 
Receiver operating characteristics (ROC) curves explored 
the relation between preoperative NLR and postoperative 
complications. Area under the curve was 0.91 (95% con-
fidence interval (CI) 0.83–0.98; p  < 0.001). Using a cut 
point of 6.2, preoperative NLR predicted postoperative 
complications with a sensitivity of 67% and specificity of 
99% (Fig. 1).

Discussion

The NLR represents a simple, robust, and convenient 
parameter of the inflammatory response [16]. Recent 
studies demonstrated that NLR may be used as marker 
of postoperative complications in patients undergoing 

Table 1   Patients’ 
characteristics

ED Erectile dysfunction, NLR Neutrophil-to-lymphocyte ratio, SD Standard deviation
a  Independent sample t test
b  Chi-square test

Characteristics Uncomplicated (n = 135) Complicated (n = 18) P value

Age (years), mean ± SD 56.2 ± 8.0 58 ± 7.4 0.363a

Comorbidity, n (%) 99 (73.3) 13 (72.2) 0.920b

Etiology, n (%) 0.320b

 Radical pelvic surgery 34 (25.2) 5 (27.8)

 Vascular diseases 35 (25.9) 8 (44.4)

 Diabetes mellitus 52 (38.5) 4 (22.2)

 Other 14 (10.4) 1 (5.6)

Previous treatments for ED, n (%) 0.577b

 No 34 (25.2) 7 (38.9)

 Oral 77 (57) 8 (44.4)

 Intracavernosal 21 (15.6) 3 (16.7)

 Vacuum device 3 (2.2) 0

Type of prosthesis, n (%) 0.366b

 Malleable 45 (33.3) 4 (22.2)

 Inflatable-2 pieces 84 (62.2) 14 (77.8)

 Inflatable-3 pieces 6 (4.5) 0

Neutrophil, mean ± SD 4.8 ± 1.5 8.3 ± 3 <0.001a

Lymphocyte, mean ± SD 3.3 ± 2.4 1.4 ± 0.6 <0.001a

NLR, mean ± SD 2.2 ± 1.4 7.2 ± 3.9 <0.001a

Operation time (min)

 Hospitalization time (days), mean ± SD 2.1 ± 2.4 2.3 ± 0.6 0.069a

 Follow-up time (months), mean ± SD 58.2 ± 30 45.9 ± 32 0.107a

Table 2   Early postoperative 
infectious complications 
according to modified Clavien–
Dindo Classification [33]

Grade of the complication severity Postoperative infectious complications (n = 18)

Wound infection Urinary tract infection Penile prosthesis infection

Grade 2, n (%) 1 (5.6) 2 (11.1) –

Grade 3a, n (%) 4 (22.1) 1 (5.6) –

Grade 3b, n (%) 1(5.6) 1 (5.6) 8 (44.4)
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colorectal surgery [17, 18]. However, the optimal cutoff 
value of NLR is unclear. Josse et al. [17] showed that the 
preoperative NLR ≥2.3 was found to be an independ-
ent predictor of major surgical complications in patients 
undergoing colorectal surgery. In this study, authors clas-
sified major complications as wound infection, gastroin-
testinal/genitourinary or cardiorespiratory complications, 
anastomotic leakage, and anemia/bleeding. In another 
study, Cook et  al. [18] reported that the NLR with cut-
off value ≥9.3 on the first day after an elective colorectal 
resection was associated with an increased risk of com-
plications such as wound infection, catheter infection, 
intraabdominal sepsis, pulmonary edema, and arrhyth-
mias. In our study, we investigated the potential predic-
tive role of serum NLR in the diagnosis of postoperative 
complications in patients undergoing PPI surgery.

Several studies have demonstrated a correlation 
between systemic inflammation and complications after 

prosthesis or stent implantations [19, 20]. In a prospec-
tive study, Bottner et al [19] evaluated the roles of white 
blood cell count, the erythrocyte sedimentation rate and 
levels of C-reactive protein, interleukin-6, procalcitonin, 
and tumor necrosis factor (TNF)- in the diagnosis of deep 
implant infection in 78 patients with a revision total knee 
or hip replacement. As a result, they found that the com-
bination of C-reactive protein and interleukin-6 measure-
ment provides excellent screening tests for infection of 
a deep implant. However, Yombi et al. [15] reported that 
NLR was an easy and cheap biomarker to be included in 
the follow-up after total knee arthroplasty because it has 
a rapid return to normal values in the absence of com-
plications. Furthermore, authors suggested that if NLR 
remains high, it is undoubtedly a sign of an underly-
ing inflammatory or infectious problem. Another study 
was performed by Turak et  al. [20] which investigating 
the association between preprocedural NLR and post-
procedural complication after coronary stent implanta-
tion. In this study, authors demonstrated that NLR >2.73 
had 80% sensitivity and 75% specificity in predicting 
in-stent restenosis [20]. The present study is the first to 
investigate the use of preoperative NLR to predict early 
postoperative complications in patients undergoing PPI 
(Table 4).

Infection rates continue to decline, but infection remains 
one of the most concerning complications with prosthetic 
surgery. The incidence of infection is about 0.8–8.9% [21, 
22]. Most infections develop within the first 3 months after 
the implantation and vast majority will appear within the 
first year after surgery [23]. Risk factors for penile implant 
infection can be divided into patient-related and surgical 
factors. Postulated patient-related factors include diabetes, 
degree of diabetic sugar control, presence and treatment of 
pathologic nasal flora, long-term steroid use, patient pre-
operative cleansing with antiseptics, smoking history, HIV 
status, history of radiation therapy, revision versus virgin 
implantation, spinal cord injury, obesity, concomitant cir-
cumcision, and prior renal transplantation [24]. Surgical 
factors pertaining to risk of infection include hair removal 

Table 3   Early postoperative complications and identified microor-
ganisms

Complications No of patients (%) 
(n = 18)

Prosthesis infection 8 (44.5)

 Escherichia coli 3

 Staphylococcus epidermidis 2

 Staphylococcus aureus 1

 No cultured 1

Wound infection 6 (33.3)

 Staphylococcus epidermidis 1

 Staphylococcus aureus 1

 Pseudomonas aeruginosa 1

 No cultured 3

Urinary tract infection 4 (22.2)

 Escherichia coli 2

 Klebsiella pneumonia 1

 Serratia marcescens 1

Table 4   Predictor role of NLR for the other postoperative complications

ROC Receiver operating characteristics, NLR Neutrophil-to-lymphocyte ratio, AUC Area under curve

References Surgery/procedure Biomarker and cutoff level Complications

Yombi et al. [15] Total knee arthroplasty NLR Follow-up of postoperative inflammation and early postoperative 
infection

Josse et al. [17] Colorectal surgery NLR ≥2.3 Major surgical complications (wound infection, gastrointestinal/
genitourinary or cardiorespiratory complications, anastomotic 
leakage, and anemia/bleeding)

Cook et al. [18] Elective colorectal resection NLR ≥9.3 Postoperative complications (wound infection, catheter infection, 
intraabdominal sepsis, pulmonary edema, and arrhythmias)

Turak et al. [20] Coronary stent implantation NLR >2.73 In-stent restenosis
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strategies, presence of device coatings on implants, use of 
surgical drains, minimization of device contact with skin, 
surgical approach, skin preparation type, surgeon expe-
rience, perioperative antibiotics, postoperative antibiot-
ics, surgeon hand cleansing, and institutional processes to 
decrease infection [24]. After the PP infections, most com-
monly identified microorganisms were S. epidermidis, S. 
aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, 
E. coli, and Candida albicans [25]. In our study, postop-
erative infectious complication was observed in 18 patients 
(9.2%). Of these patients, 8 of them had prosthesis infec-
tion, 6 of them had wound infection, and 4 of them had uri-
nary tract infection. In our series, S. epidermidis and E. coli 
were the most commonly identified agents. Our findings 
were consistent with the current literature.

Infections of implants are particularly devastating 
because they cannot be treated with antibiotics alone and 
require the removal of all device components. If a sal-
vage procedure is not performed, explantation results in 
complete loss of erectile function and renders the patient 
unresponsive to oral and intracavernous medications [26]. 
Removal of space occupying cylinders coupled with the 
infectious process results in marked penile corporal fibrosis 
and shortening of up to 2 inches of length [26]. Subsequent 
IPP implantation is limited by the decreased penile size and 
extensive scarring in the surgical field [27]. Furthermore, 
it has been estimated that treating infected penile prosthe-
ses exceeds the cost of the original implant by more than 
sixfold [28]. In salvage procedure, after the removal of the 
all prosthetic materials followed by the use of Mulcahy 

salvage procedure, a new PPI is performed at the same 
session [29]. In our series, of the complicated patients 5 
of them (3.3%) underwent revision surgery due to wound 
infection and abscess formation and 10 of them (6.5%) 
underwent explantation of the implants. Selection of the 
treatment modality was determined on the patient basis and 
experience of the surgeon.

Considering the significant economical costs and patient 
morbidities related with the PPI infections, preoperative pre-
diction of the infectious complications is crucial. With this 
aim, Lynch et  al. [30] investigated the association between 
glycosylated hemoglobin and PP infections, and reported 
that patients with glycosylated hemoglobin <11.5% more 
likely to have PP infection. In another study, Cakan et al. [22] 
demonstrated the increased PP infection risk in patients with 
>200 ng/ml morning glucose level. In our study, we analyzed 
the effects of systemic inflammatory process on the postop-
erative infectious complications after PPI. We used serum 
NLR as an inflammation marker. According to our results, 
serum neutrophil count and NLR were significantly higher 
in patients with complications. Furthermore, we performed 
ROC curve analysis to determine the cutoff level for NLR to 
predict the postoperative infectious complications, and found 
that preoperative NLR ≥6.2 had high specificity and sensitiv-
ity for predicting PPI-related early postoperative infection.

The association between elevated NLR and the devel-
opment of postoperative infectious complication is likely 
complex and remains unclear; however, possible explana-
tions exist. NLR, which is derived from the absolute neutro-
phil and absolute lymphocyte counts of a full blood count, 
is a routinely available marker of the systemic inflamma-
tory response. The antibacterial responses of natural killer 
cells and activated T cells may be suppressed by increased 
number of neutrophils near the site of bacterial contamina-
tion [31]. A high NLR reflects both a heightened neutro-
phil-dependent inflammatory response and a decreased 
lymphocyte-mediated antibacterial immune reaction, which 
may weaken the lymphocyte-mediated antibacterial cellu-
lar immune response and contribute to increasing bacterial 
invasion and growth [32]. Also, circulating interleukin-6 
level, which promotes the proliferation of immature neutro-
phils in the circulation and stimulates mature neutrophils to 
release superoxide anion as a reaction to surgical trauma, 
may contribute to oxygen radical-mediated tissue injury 
and bacterial invasion [32]. Although the exact mechanism 
remains unclear, the results of our study suggest that NLR, 
as a simple preoperative inflammatory biomarker, may 
identify patients at increased risk for postoperative infec-
tious complications after PPI.

The strength of this study is that results were available 
for NLR allowing to compare this biochemical marker. All 
patients underwent the same type of surgery by the same 
surgeons.

Fig. 1   Receiver operating characteristic (ROC) curves for NLR in 
predicting early postoperative infectious complications. The ROC 
curve is a graphic plot of the positive rate (sensitivity) versus the 
false-positive rate (specificity) for detection of early postopera-
tive infection. The NLR of 6.2 had sensitivity of 67% and specific-
ity of 99%. AUC was 0.91 (95% confidence interval (CI) 0.83–0.98; 
p < 0.001)
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Our study has some limitations. First, this study was 
conducted on a retrospective basis and represented a single-
center experience. Second, we could not reach the data of 
whole patients, so that, the number of complicated patients 
without missing data is very low. Third, we did not study 
other inflammation markers. Because we do not routinely 
study all the inflammation markers prior to PPI, and ret-
rospective design of the study, we do not have the data of 
other biomarkers.

Conclusion

The NLR seems to be a compelling, convenient, and cheap 
biomarker for the prediction of the early postoperative 
infectious complications after PPI surgery. A higher pre-
operative NLR value of ≥6.2 may be an optimal value for 
determining the PP implanted patients who are at the risk 
of postoperative infectious events. The NLR may be a pre-
dictor tool that could be used in combination with other 
predictor tools, such as age, serum glucose level, or gly-
cosylated hemoglobin to aid in clinical decision making, 
prompting surgeons to employ different strategies in the 
hope of mitigating the occurence or severity of the post-
operative complications. Further prospective studies with 
larger series and inflammation markers are required to eval-
uate the clinical implications of our findings.
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