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Prosthetic bacterial culture for
bacterial identification of nasal
infections after rhinoplasty

Qi Zeng'™, Yu-Xi Tang? & Bao-Fu Yu?

Infection following rhino-prosthesis surgery poses a significant challenge, with primary treatment
strategies centered on identifying specific pathogenic bacteria through bacterial culture and
administering effective antibiotics. This study aimed to investigate whether conducting bacterial
cultures that specifically target the nasal prosthesis could provide more objective guidance for
clinical decision-making. We included patients who developed infections subsequent to prosthesis
rhinoplasty in this investigation. The clinical significance of bacterial cultures obtained from nasal
prostheses was assessed by comparing the culture results with those derived from the nasal mucosa
or secretions from disrupted wounds. Notably, the bacterial detection rate in samples taken from
prosthetic devices was significantly higher than that observed in conventional specimens from
the same patients, exhibiting a statistically significant difference. Within the prosthetic group, no
statistically significant difference was identified in bacterial detection rates between patients who
received antibiotics 3 days prior to surgery and those who did not. In contrast, in the conventional
control group, there was a marked decrease in bacterial detection rates among patients following
antibiotic administration. Among patients treated with antibiotics, the detection rate of bacteria
cultured from prosthetic specimens was significantly higher compared to that in the control group;
however, there were no statistical differences found regarding bacterial detection rates for those
not treated with antibiotics. In analyzing materials within the prosthesis group: silicone implants
showed a bacterial detection rate of 80%, expanded polytetrafluoroethylene materials had a rate of
79.2%, and other materials demonstrated a 90.9%rate. No statistically significant differences were
noted among these three material types within this cohort. In contrast, within the control group:
silicone implants exhibited a bacterial detection rate of 66.7%, expanded polytetrafluoroethylene
materials registered at 73.6%, while other materials maintained a lower count at 63.6%. Similarly, no
statistically significant differences prevailed among these groups. Culturing prosthetic specimens can
enhance the detection rate of bacteria, particularly in patients who have received antibiotic therapy
prior to surgery, offering distinct advantages. Therefore, we advocate for the implementation of
prosthetic specimen cultures as an adjunctive measure for detecting infections post-nasal prosthesis
reconstruction. Among patients treated with antibiotics, the rate of bacteria detected from cultured
prosthetic specimens was significantly higher compared to that in the control group. However, no
statistically significant differences were observed regarding bacterial detection rates in patients not
receiving antibiotic treatment. When analyzing materials within the prosthesis group: silicone implants
exhibited a bacterial detection rate of 80%, expanded polytetrafluoroethylene (ePTFE) materials had a
detection rate of 79.2%, and other materials demonstrated a higher rate of 90.9%. Notably, there were
no statistically significant differences among these three material types within this cohort. In contrast,
within the control group: silicone implants displayed a bacterial detection rate of 66.7%, ePTFE
materials showed a rate of 73.6%, while other materials recorded a lower count at 63.6%. Similarly, no
statistically significant differences emerged among these groups. Culturing prosthetic specimens can
enhance the detection rates of bacteria, particularly in patients who have undergone antibiotic therapy
prior to surgery, thereby offering distinct advantages for infection diagnosis. Therefore, we advocate
for incorporating cultures of prosthetic specimens as an adjunctive measure for detecting infections
following nasal prosthesis reconstruction.

Level of evidence: Level 4.
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With the increasing emphasis on aesthetic appeal, the plastic surgery industry has experienced swift growth,
particularly within the domain of nasal prosthesis procedures. These surgical interventions are highly sought
after for their effectiveness in enhancing facial contours and improving overall aesthetic appearance! . However,
despite advancements in technology and a diversification of surgical techniques that have significantly improved
both safety and efficacy, postoperative complications continue to be a critical factor influencing surgical
outcomes and patient satisfaction®-°. Notably, postoperative infections are a common yet serious complication
that can not only lead to prosthesis rejection but also give rise to a range of more complex health issues®’. The
overall prevalence of prosthesis rhinoplasty has been reported to be 3.7%%°. This situation imposes substantial
psychological and economic burdens on patients.

Despite the potential risk of complications, why are prostheses for rhinoplasty still frequently utilized in
clinical practice? Currently, the primary techniques for rhinoplasty utilizing autologous tissue transplantation
include auricular cartilage grafting, costal cartilage grafting, and autologous fascia grafting”!®. The quantity
of autologous ear cartilage that can be harvested is significantly limited, which may result in morphological
damage to the donor site and inadequate structural support. Despite providing excellent support, autologous rib
cartilage is characterized by its relatively tough texture and a potential for long-term deformation. This limits its
applicability in rhinoplasty, particularly concerning dorsal nasal grafts where the risk of long-term asymmetry
is notably elevated!®!!. While autologous fascia transplantation can effectively augment the nasal dorsum, it
exhibits significant long-term resorption, and its inadequate support makes it challenging to elevate the nasal tip
or extend the nasal length. Given the limitations associated with autologous materials, artificial materials remain
an essential alternative in rhinoplasty and have gained popularity due to the advantage of avoiding donor site
morbidity.

The mechanism of infection following nasal prosthesis surgery is intricate and may be influenced by a
multitude of factors, including the surgical technique employed, postoperative care protocols, the patient’s
immune status, and the invasion of pathogenic microorganisms”!>13. Research indicates that the primary
infectious pathogens are predominantly common skin strains such as Staphylococcus aureus and Staphylococcus
epidermidis, alongside various opportunistic pathogens. If these bacteria are not effectively managed during
the healing process of postoperative wounds, they can lead to infections that hinder recovery and potentially
result in displacement or expulsion of the prosthesis”!>!4. Currently, research on bacterial cultures related to
infections following nasal prosthesis plastic surgery remains relatively sparse!®>!>. Notably, there is a lack of
systematic analysis pertaining to diverse patient backgrounds, surgical techniques utilized, and postoperative
care strategies implemented. Therefore, conducting a clinical study focused on bacterial cultures associated with
infections after nasal prosthesis surgery is essential not only to address this notable research gap but also to
provide significant insights for clinical practice.

Previously, pathogen detection for infections following nasal prosthesis surgery primarily relied on bacterial
cultures obtained from either the ruptured wound or the nasal mucosa'*~'¢. However, this methodology may
produce false positive results and could potentially decrease the true positive detection rate. Such inaccuracies
can lead to misguided therapeutic interventions. Given that the nasal prosthesis is embedded within tissue, its
associated false positive rate is likely to be lower; hence, it generally serves as a more accurate focal point of
infection'é~18. Consequently, conducting bacterial cultures specifically targeting the nasal prosthesis may offer
more objective guidance in clinical decision-making.

In this study, we included patients with infections following prosthesis rhinoplasty. We investigated the
clinical significance of bacterial cultures from nasal prostheses by comparing them to cultures from nasal
mucosa or secretions from ruptured wounds. We hope our findings will provide an objective basis for clinical
diagnosis and treatment.

Methods
Patients
This study adhered to the Declaration of Helsinki guidelines for human research. Informed consent was obtained
from all participants, ensuring their privacy rights were maintained. We conducted a retrospective review of
patients diagnosed with infections after prosthetic rhinoplasty between January 2013 and December 2023 at
Jiangxi Provincial People’s Hospital affiliated with Nanchang Medical College in Jiangxi, China, and Shanghai
Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China.

Patient inclusion criteria:

(1) Patients diagnosed with an infection following prosthetic rhinoplasty;

(2) Patients who underwent bacterial culture of wound or nasal mucosa;

(3) Patients who had their prosthesis removed and nasal debridement performed;

(4) Prosthetic implants extracted from the patient’s nose were subjected to bacterial culture;

(5) The patient’s medical history was complete and accurately documented;

(6) The patient was informed about the study and provided consent.

Patient Exclusion Criteria:

(1) The patient had a prior history of infection before undergoing nasal prosthesis surgery;

(2) The patient also presented with sinusitis or a respiratory tract infection;

(3) The patient’s medical history record was incomplete;
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(4) The patient did not provide consent to participate in the study.

Bacterial cultivation

Upon admission, we began cleansing the nasal cavity with physiological saline. For patients with skin or mucosal
lesions, secretions from these areas were collected for bacterial culture. When no lesions were present, a cotton
swab was used to sample the nasal mucosa for bacterial culture. This collection process served as the control
group for our study. This was also the traditional method of obtaining specimens and bacteria culture group.

In accordance with the laboratory department’s standard operating procedures, wound secretions were
collected using sterile cotton swabs in a controlled environment and promptly sent for examination. Upon
receipt, pathogenic bacteria were isolated using routine culture methods with disposable sterile blood culture
bottles and blood agar plates. Initial bacterial counts were recorded only for patients from whom repeated strains
had been consecutively isolated twice. For identification of pathogenic bacteria, individual colonies underwent
characterization through a bacterial assay system.

For the implants, residual blood was carefully removed with saline, and the implants were placed in a sterile
petri dish. The excised implants were transported to a lab for processing within two hours. Each implant’s surface
was coated with cooled melted tryptone soybean agar (TSA) and cultured at 37 °C in an atmosphere of 5%
CO,,. Daily monitoring assessed bacterial growth, supplementing sterile TSA as needed to prevent desiccation.
If bacterial colonies appeared, samples from three distinct locations were collected and sent for pathogen
identification. This procedure was continued for 14 days or until evidence of colony proliferation emerged.
Finally, the implants were disposed of according to medical waste regulations. We designated this cohort as the
prosthesis group.

Comprehensive analysis of medical history data

The patient’s preoperative medical history was documented with a focus on prior nasal surgeries, nasal infections,
antibiotic use, prosthetic materials, immunocompromised status, and other health conditions. Standardized
photographs of the patient’s face were taken in specific positions before surgery. Postoperative assessment
involved close monitoring of the wound for infection signs—such as redness, swelling, warmth, and pain—
which were recorded comprehensively. Additionally, detailed information regarding medical history—including
surgical records, post-infection treatment protocols, and patient recovery data—was meticulously collected and
analyzed.

Statistical analysis
The Chi-square test was used for statistical analysis of count data. A P-value under 0.05 indicated a statistically
significant difference.

Results
The design framework for this study is illustrated in Fig. 1.

In this study, a total of 120 eligible patients were enrolled. Among the participants, 89 were female and 31
were male. The mean age of the included patients was 32.5+ 11.3 years. The duration of postoperative infection
in these patients ranged from 1 week to 6 years following surgery. Patients exhibited signs of infection, including
tissue redness, swelling, warmth, and pain. Of the total cohort, 92 patients experienced skin or mucosal rupture,
while 28 patients did not present with such ruptures.

For the prosthetic group, 98 patients tested positive for bacterial cultures associated with the prosthesis,
while 22 patients yielded negative results. In the control group, 83 patients exhibited positive outcomes for these
cultures, whereas 37 patients tested negative (Fig. 2a). The identified bacterial species included Staphylococcus
epidermidis, Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Staphylococcus hominis,
Enterobacter cloacae, Proteus mirabilis, Citrobacter spp., and Acinetobacter baumannii. The difference in
bacterial detection rates between the two groups was found to be statistically significant (P =0.0353; see Fig. 2b).

For preoperative antibiotic administration, 70 patients received antibiotics for three days prior to surgery,
while 50 patients did not receive any antibiotics during the same period. Within the prosthesis group, the
bacterial detection rates among patients who were administered antibiotics and those who were not were found
to be 82.9% (58/70) and 80% (40/50), respectively; this difference was determined to be statistically insignificant
(P=0.8116; see Fig. 3a). In the control group, the rates of bacterial detection among patients who had received
antibiotics compared to those who had not within the three days preceding surgery were 60% (42/70) and 82%
(41/50), respectively; this difference was established as statistically significant (P =0.0155; see Fig. 3b).

Patients in the prosthesis group who received antibiotics exhibited a higher rate of bacterial detection
compared to those in the control group, with this difference achieving statistical significance (82.9% vs 60%,
P=0.0047, see Fig. 4a). There was no statistically significant difference in bacterial detection rates between
patients who did not use antibiotics in the prosthetic group and those who did not use antibiotics in the control
group (80% vs 82%, P> 0.05, see Fig. 4b).

Among the patients included in this study, 45 individuals received silicone implants, 53 were implanted
with expanded polytetrafluoroethylene materials, and 22 had other types of implants, such as Medpor. In the
prosthesis group, the bacterial detection rates for silicone implants, expanded polytetrafluoroethylene materials,
and other materials were found to be 80% (36/45), 79.2% (42/53), and 90.9% (20/22), respectively. There was
no statistically significant difference in the bacterial detection rates among the three materials within this group
(P=0.4616; see Fig. 5a). In the control group, the bacterial detection rates for silicone implants, expanded
polytetrafluoroethylene materials, and other materials were recorded at 66.7% (30/45), 73.6% (39/53), and 63.6%
(14/22), respectively. Similarly, there was no statistically significant difference in bacterial detection rates among
these three materials within the control group (P =0.6273; see Fig. 5b).
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Fig. 1. The design framework for this study.
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Fig. 2. Comparison of bacterial culture detection between the two groups. (A) The rate of bacterial detection
in the prosthetic group was higher than that in the control group. (B) The specific composition of bacteria
detected in both groups.

Discussion

Bacterial culture of nasal prostheses and traditional bacterial culture of nasal wound secretions each offer unique
advantages and limitations in clinical applications'®?’. A comparative analysis and discussion of these two
methodologies can not only assist clinicians in their diagnostic and therapeutic decisions but also enhance the
optimization of postoperative management and infection control strategies.

From the perspective of sample sources, bacterial culture of nasal prostheses primarily concentrates on
detecting bacteria present in the tissues surrounding the implant and on the surface of the prosthesis?! 2. This
methodology facilitates a direct assessment of the risk associated with bacterial infection linked to the prosthesis,
particularly when overt symptoms of infection emerge post-surgerys; it allows for expedited identification of
the source of infection*?. In contrast, traditional bacterial culture methods involve analyzing nasal wound
secretions obtained from patients who have undergone trauma, surgery, or suffer from chronic rhinitis?*?’.
While this technique can also identify infections, its results may be influenced by external environmental factors
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Fig. 3. Comparison of bacterial detection rates within group with or without antibiotic use. (A) Within the
prosthesis group, the bacterial detection rates among patients who were administered antibiotics and those
who were not were found to be 82.9% and 80%, respectively; this difference was determined to be statistically
insignificant. (B) In the control group, the rates of bacterial detection among patients who had received
antibiotics compared to those who had not within the three days preceding surgery were 60%and 82%,
respectively; this difference was established as statistically significant.

impacting the wound as well as individual physiological conditions?®?’. Consequently, this presents greater
challenges in analyzing infections associated with prosthetic devices.

The sensitivity and specificity of culture techniques are influenced by standardized bacterial culture
protocols; however, the combination of nasal prosthesis bacterial cultures with advanced molecular biology
methods, such as PCR, can significantly improve the detection rates of certain pathogens that are difficult
to isolate or culture®*-32 In contrast, traditional cultures of nasal wound secretions often require prolonged
incubation periods, which may lead to delayed pathogen identification—an aspect particularly critical during
acute infections—and consequently result in missed opportunities for optimal treatment.

The timeliness of clinical application serves as a crucial comparative factor between the two approaches
In the immediate postoperative period following nasal prosthesis surgery, there is an elevated risk of infection;
therefore, the rapid acquisition of pathogen information through bacterial culture from the nasal prosthesis
enables timely adjustments that can alleviate patient discomfort and decrease medical expenses®>3¢. Conversely,
traditional bacterial cultures of nasal wound secretions require a substantial amount of time to yield results,
potentially leading to delayed treatment and increased risks of complications for patients experiencing acute or
severe infections®”*%. From both economic and operational perspectives, collecting nasal wound secretions is
relatively straightforward and cost-effective, making it suitable for routine outpatient care as well as emergency
situations®*~*2. In contrast, bacterial culture from nasal prostheses typically necessitates specialized sampling
techniques and culturing processes that may demand greater technical expertise and financial resources**~%°.
Nevertheless, with advancements in technology, some hospitals have progressively begun to implement rapid
culture techniques to enhance early diagnosis of periprosthetic infections.

In this study, the bacterial detection rate in prosthesis specimens was significantly higher than that observed
in traditional specimens from the same patients, with a statistically significant difference evident. This finding
underscores the advantages of bacterial culture from prosthesis specimens concerning their detection rates. In
the prosthetic group, there was no statistically significant difference in bacterial detection rates between patients
who received antibiotics three days prior to surgery and those who did not. Conversely, in the conventional
control group, following antibiotic administration, the bacterial detection rate among patients decreased
markedly. This suggests that a protective biofilm of bacteria may form around the prosthesis, impeding antibiotic
penetration and thereby reducing their bactericidal and bacteriostatic efficacy. Furthermore, this implies that

33,34
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Fig. 4. Comparison of bacterial detection rates between groups with or without antibiotic use. (A) Patients

in the prosthesis group who received antibiotics exhibited a higher rate of bacterial detection compared to
those in the control group, with this difference achieving statistical significance. (B) There was no statistically
significant difference in bacterial detection rates between patients who did not use antibiotics in the prosthetic
group and those who did not use antibiotics in the control group.

early removal of prostheses may be an essential intervention for managing infections in patients with nasal
infections involving implants.

Among patients treated with antibiotics, the detection rate of bacteria cultured from prosthetic specimens
was significantly higher compared to that in the control group; however, there were no statistical differences
found regarding bacterial detection rates for those not treated with antibiotics. Therefore, in patients using
antibiotics, bacterial culture of prostheses can improve the detection rate of bacteria. In analyzing materials
within the prosthesis group: silicone implants showed a bacterial detection rate of 80% (36/45), expanded
polytetrafluoroethylene materials had a rate of 79.2% (42/53), and other materials demonstrated a 90.9% (20/22)
rate. No statistically significant differences were noted among these three material types within this cohort.
In contrast, within the control group: silicone implants exhibited a bacterial detection rate of 66.7% (30/45),
expanded polytetrafluoroethylene materials registered at 73.6% (39/53), while other materials maintained a
lower count at 63.6% (14/22). Similarly, no statistically significant differences prevailed among these groups.
This shows that the incidence of infection may not be very different when different artificial materials are used
for rhinoplasty.

Limitations

This study has several limitations. First, the sample size was relatively small, which may limit the generalizability
of our findings. Second, the cross-sectional nature of the study design means that causality cannot be inferred
from the observed associations. Additionally, the assessment of some variables relied on self-reported data,
which is subject to information bias. Future research with larger sample sizes and longitudinal study designs
would be beneficial to validate and extend our findings.

Conclusions

Infection following rhino-prosthesis surgery presents a significant challenge, with the primary treatment strategies
focusing on the identification of specific pathogenic bacteria through bacterial culture and the administration
of effective antibiotics. Culturing prosthetic specimens can enhance the detection rate of bacteria, particularly
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Fig. 5. Comparison of bacterial detection rates between different prosthesis uses in the two groups. (A) There
was no statistically significant difference in the bacterial detection rates among the three materials within the
prosthesis group. (B) In the control group, there was no statistically significant difference in bacterial detection
rates among these three materials.

in patients who have received antibiotic therapy prior to surgery, offering distinct advantages. Consequently,
we advocate for the implementation of prosthetic specimen cultures as an adjunctive measure for detecting
infections post-nasal prosthesis reconstruction.

Data availability
The datasets used and/or analysed analyzed during the current study are available from the corresponding au-
thor on reasonable request.
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