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a b s t r a c t 

Background: The development of a pelvic wound infection in the presence of hardware after open re- 

duction and internal fixation presents a clinical dilemma and there is little literature to aid in decision- 

making. The purpose of this study was to describe the possibility of debridement, antibiotic pearls and 

retention of the implant (DAPRI) procedure to eradicate the infection. 

Methods: Tumor-like debridement, antibiotic pearls and retention of the implant (DAPRI) aimed to re- 

move the biofilm allowing a higher and prolonged local antibiotic concentration by using calcium sulfate 

antibiotic-added beads. Wound status, radiological signs of bone healing, gait and functional activity of 

the patient were evaluated. 

Results: Seven patients underwent this technique. The mean follow up time was nine months (range: 

6 -16 months). Complete wound healing was achieved in all the patients with no major complications. 

Average time of bony union was 4.3 months (range: 3–6 months) with no need for implant removal. 

Conclusion: The DAPRI technique might represent a safe and more conservative treatment for manage- 

ment of early fracture-related infections (FRI) of the pelvis and acetabulum. 

© 2023 Elsevier Ltd. All rights reserved. 
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Pelvic ring injuries are potentially life-threatening conditions 

ssociated with high incidence of morbidity and mortality ranging 

rom 5 to 60% according to current literature [1] . Definitive oper- 

tive intervention usually requires extensive surgical approaches, 

assive soft tissue dissection and lengthy procedures [2] . The 

revalence of surgical site infection following fixation of pelvic 

ing injury is 2.1% [3] . The immunosuppressive state induced by 

rauma, open extremity associated injuries, massive blood loss, in- 

ensive care admission predispose to both local and systemic infec- 

ions. Obesity, preoperative blood leukocytosis, perioperative fever, 

orel-Lavallèe lesions, cell saver usage, subfascial drains and post- 
✩ Level of evidence: 4 
∗ Corresponding author. 

E-mail address: claudio.galante@unibs.it (C. Galante) . 

t

d

t

m

T

ttps://doi.org/10.1016/j.injury.2023.01.045 

020-1383/© 2023 Elsevier Ltd. All rights reserved. 

Please cite this article as: A. Casiraghi, C. Galante, M. Rohayem et al., 

loaded calcium sulfate beads in acute fracture-related infection (FRI) af

of 7 cases, Injury, https://doi.org/10.1016/j.injury.2023.01.045 
perative antibiotic may have also roles in the development of in- 

ection [4–6] . Indeed, the economic burden of postoperative infec- 

ion is significant, with a potential increase in the cost of health 

are by 20% and length of hospital stay by 36% [7] . 

Limited literature exists about the treatment of postoperative 

elvic fracture-related infections (FRI). 

Qiu et al. [8] . treated 10 cases of infection in different bones 

ith irrigation, debridement, and retention of the implant, using 

ntibiotic. The bone union rate was 100%, there was recurrence of 

nfection in one patient before bone healing, but the infection was 

radicated after implant removal. 

Berkes et al. [9] . analyzed the bone union rate in 121 patients 

123 infections) with infection within 6 weeks after internal fixa- 

ion of acute fractures: 87 (71%) obtained fracture union following 

ebridement, hardware retention, and culture-specific antibiotic 

reatment, but 26 of them eventually underwent hardware re- 

oval after radiographic union due to recurrence of infection. 

herefore, infection control rate shown was 50.4%. 
Implant retention with serial debridement and use of antibiotic- 

ter pelvic ring or acetabular fractures: A retrospective case series 
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Rightmire et al. [10] . showed similar results on 69 patients with 

cute infection, with 68% (47 cases) of them achieving successful 

nion; 28 of them required hardware removal because of persis- 

ent (18 patients) or recurrent infections (10 patients). Therefore, 

he success rate was 27%. 

Implant-related infections are difficult to treat for different rea- 

ons. First, systemic antibiotics may not reach sufficiently high lev- 

ls to eradicate biofilm due to local soft tissue damage. Second, 

nability of the defense mechanisms to eradicate these microorgan- 

sms, as these microorganisms are protected by a highly hydrated 

xtracellular matrix. [11] 

Most of the current knowledge and approaches are adapted 

rom prosthetic infection management, but the ultimate goals in 

he two conditions are different [12] . In 2018, with the support 

f the Arbeitsgemeinschaft für Osteosynthesefragen (AO) Founda- 

ion, an international consensus has been reached on the defi- 

ition of fracture-related infections (FRI). [13] This definition re- 

olves around the establishment of diagnostic criteria to guide the 

ecision-making process. Having a clear definition helped in estab- 

ishing a stepwise approach in the treatment of FRI [12] . 

A novel surgical technique consisting of debridement, antibiotic 

earls, and retention of the implant (DAPRI) has been developed 

o treat periprosthetic joint infection (PJI). It enhances the classi- 

al debridement, antibiotics, and implant retention (DAIR) proce- 

ure to improve the possibilities of retaining an infected implant 

 14 , 15 ]. According to the authors in the DAPRI procedure, eradica-

ion of infection is achieved through combined surgical and antibi- 

tic treatment and by incorporating bioabsorbable antibiotic pearls, 

hich can prolong the local antibiotic concentration [16] . The main 

ornerstone is eliminating the bacterial biofilm on the implant sur- 

aces, on the bone and on the soft tissues. The goal is to disrupt the

acterial biofilm, which is the major culprit of antibiotic resistance 

nd immune evasion. The other cornerstone is the high and pro- 

onged local antibiotic concentration. Actually, there is little liter- 

ture regarding standardized use of DAPRI in trauma patients and 

o definite algorithm exists for the treatment of early deep pelvic 

RI [17] . 

The purpose of the present study was to report preliminary 

ata on the treatment of postoperative pelvic infection by applying 

 modified DAPRI protocol to eradicate infection and allow bone 

onsolidation in early deep pelvic FRI. 

ethods 

tudy design 

The study was designed as a retrospective case series of con- 

ecutive patients treated in a single level I trauma center from Jan- 

ary 2019 and December 2021. Due to the nature of the study on a 

mall number of cases, no Institutional Review Board approval was 

equired at our institution. 

tudy population 

Patients were considered eligible for treatment with DAPRI pro- 

ocol based on the following inclusion criteria: 

• previous osteosynthesis of pelvic ring or acetabulum fracture 

with plates and screws 

• clinical signs of infection at the surgical site 

• increase of serum inflammatory markers 

• less than 4 weeks since osteosynthesis 

Exclusion criteria were: 

• unstable osteosynthetic construct (isolated screw loosening 

wasn’t considered an exclusion criterion, while loosening of the 
2

whole plate constituted a contraindication for implant reten- 

tion) 

• absence of a vital soft tissue envelope allowing primary wound 

closure after debridement 

• severely impaired patient physiology contraindicating urgent 

surgery [ 9 , 18 ]. 

Patient characteristics are detailed in Table 1 . 

iagnosis of infection 

Diagnosis of infection was performed according to FRI consen- 

us group criteria [13] . Increasing or new onset pain, local red- 

ess, swelling, hotness and fever were considered early sugges- 

ive signs; as well as persistent, increasing or new-onset wound 

rainage, beyond the first few days postoperatively. Wound break- 

own and purulent drainage were considered confirmatory crite- 

ia for infection. Laboratory investigations were performed on the 

rst day postoperatively and subsequently every 48–72 h until dis- 

harge. An upward trend or secondary rise of serum inflammatory 

arkers (erythrocyte sedimentation rate, white blood cell count, C- 

eactive protein) without solid alternative explanation was consid- 

red a suggestive sign. Once there was clinical suspicion of infec- 

ion a CT scan was performed for detection of abscess collections 

nd evaluation of implant loosening. Phenotypically indistinguish- 

ble pathogens identified by culture from at least two separate 

eep tissue/implant (including sonication-fluid) specimens taken 

uring an operative intervention were considered confirmatory cri- 

eria as well as the presence of pus during surgery. 

urgical technique 

The adopted surgical technique was somehow similar to the 

APRI proposed for the treatment of infected total hip replacement 

15] , the main difference is that we performed serial debridement 

urgeries. 

During the administration of regional and general anesthesia, 

ntibiotic prophylaxis was administered according to internal pro- 

ocol at our institution (cefazoline 2 g preoperatively or clin- 

amycin 600 mg if allergy to Beta-lactams has been reported) 

s the intraoperative cultures are not influenced by preoperative 

ntibiotic therapy [ 19 , 20 ]. The first step was generous exposure 

hrough the original surgical approach. Several samples (at least 

 samples) from different deep tissues were taken for cultural ex- 

mination. An adequate zone-by-zone debridement was performed 

o remove all the soft-tissues possibly contaminated by the in- 

ected biofilm. Differently from the original DAPRI protocol [ 14 , 15 ], 

ethylene blue injection (for staining of the bacterial biofilm) or 

rgon beam radiation (for detachment of the biofilm) were not 

sed. Screws were checked and removed if loose. 

A 4% chlorhexidine gluconate-added brush was used to scrub all 

he tissues and implants: this is performed to mechanically remove 

he preformed biofilm. Abundant pulse irrigation with 9 liters of 

ovidone iodine added saline was performed. At this point, the 

ontaminated instruments were removed from the surgical field. 

lean redraping of the patient was done with new gowns and 

loves for the operating team. A new back table with new instru- 

ents was brought in the surgical theater. Further irrigation of the 

ound was undertaken using 0.9% sodium chloride (saline). After 

rrigation a methodical zone by zone search for residual signs of 

nfection was performed. If no residual signs of infection were de- 

ected a final step consisting of implantation of a local antibiotic 

arrier was carried out, otherwise closure of the wound was per- 

ormed. A major difference between our technique and the tra- 

itional DAPRI was in fact the use of serial debridement proce- 

ures. Surgical procedures, similar to the one previously described, 



A. Casiraghi, C. Galante, M. Rohayem et al. Injury xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: JINJ [m5G; February 4, 2023;2:1 ] 

Table 1 

Characteristics of patients and treatments performed. 

Patient Sex Age Diagnosis Implants Surgical 

approach 

Pathogen Number of 

debridement 

surgeries 

Interval 

ORIF-first 

debridement 

(days) 

Time of bony 

union 

(months) 

Complications 

1 F 43 Combined pelvic- 

acetabulum 

fracture 

Plates and 

screws 

Ilioinguinal Negative 

cultures 

3 8 3 None 

2 M 47 Two column 

acetabular 

fracture 

Plates and 

screws 

Modified 

Stoppa 

Negative 

cultures 

2 17 5 Subcutaneous 

fluid 

collection 

3 M 46 T-shape 

acetabular 

fracture 

Plates and 

screws 

Modified 

Stoppa + Il- 

ioinguinal first 

window 

Finegoldia 

magna 

2 16 3 None 

4 F 41 Pelvic ring 

malunion 

Plates and 

screws + pos- 

terior pelvic 

ring fixation 

Bilateral 

Stoppa + pos- 

terior approach 

to the sacrum 

Enterococcus 

faecalis 

4 10 5 None 

5 M 53 Anterior column 

with posterior 

hemi-transverse 

acetabular 

fracture 

Plates and 

screws 

Modified 

Stoppa 

MSSA 2 19 4 None 

6 F 16 Vertical shear 

pelvic fracture 

Plates and 

screws 

Pfannenstiel + 

first window 

MSSA 2 8 3 Subcutaneous 

fluid 

collection 

7 M 25 Pelvic ring 

malunion 

Plates and 

screws + 

posterior pelvic 

ring fixation 

Pfannenstiel + 

posterior 

approach to 

the sacrum 

Klebsiella 

pneumo- 

niae 

5 8 6 None 
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ere repeated until intraoperative conditions showed no macro- 

copic sign of infection. Two to four days was the average interval 

etween sequential operations. Timing of intervention was deter- 

ined according to local and systemic signs of infection; inflam- 

atory markers trends were also taken into account. 

When intraoperative conditions showed no gross sign of infec- 

ion after the second irrigation, calcium sulfate beads loaded with 

ntibiotics were implanted. We used commercially pure, synthetic 

hysiological pH calcium sulfate powder - Stimulan (Biocomposites 

td, Keele, United Kingdom) with the RapidCure kit which includes 

0 cc (20 gr) of calcium sulfate hemihydrate powder, a pre-mixing 

olution bulb, pellet mold and spatula (see Fig. 1 ). The ingredients 

ere combined, and antibiotics of choice were added (Stimulan 

s approved for use in combination with gentamicin, tobramycin 

nd vancomycin). In all patients, we used 10 cc of calcium sulfate 

Stimulan) with vancomycin 10 0 0 mg and gentamicin 240 mg. the 

omposite was then mixed for 30 s until “doughy”. The resulting 

aste was applied to the molds using the spatula and allowed to 

et for 10 to 15 min. The mold produced three sizes of bead (3, 4.8

nd 6 mm in diameter). In pelvic fractures we used 4.8-mm and 

-mm beads. The prepared beads were placed at the site of infec- 

ion and in close proximity of the implants, and the wound was 

hen closed. Particular attention was given to the reconstruction 

nd closure of the anatomical planes, in order to seal the compart- 

ent. This reduces the risk of wound drainage due to the progres- 

ive degradation of calcium sulfate. 

After calcium sulfate beads implantation no further debride- 

ent procedure was performed. 

ostoperative care 

Postoperatively, empirical treatment with broad-spectrum an- 

ibiotics therapy was administered intravenously according to in- 

ernal guidelines at our hospital after an infectious disease spe- 

ialist evaluation. The antibiotic regimen consisted in Daptomycin 

 mg/kg/day + Piperacillin/Tazobactam 4,5 gr x 3–4 times a day 
3 
r Cefepime 2 gr x 3 times a day. If an allergy to Beta-lactams 

as found Daptomycin was administered in combination with oral 

iprofloxacin 500 mg x 2 times a day. 

Antibiotic therapy was modified in accordance with our insti- 

utional infectious disease service when antibiogram results of in- 

raoperative culture samples were available. The DAPRI procedure 

as followed by a 2-week course of intravenous antibiotic ther- 

py; after this period antiobiotic therapy was switched to oral ad- 

inistration when possible for another 10 weeks, completing a to- 

al of 12 weeks. When switch to an oral regimen took place, high 

osage and high bioavailability antibiotics were used according to 

he pathogen antibiogram profile. 

After discharge, once stable clinical conditions were achieved, 

ur patients underwent a rehabilitation process and a clinical and 

adiological follow-up. Follow-up with the infectious disease spe- 

ialist was scheduled at 4, 8 and 12 weeks from the start of an- 

ibiotic therapy. Blood tests for WBC, ESR, CRP and renal function 

arkers were performed every two weeks. If the patients expe- 

ienced any alteration of the local and or systemic conditions or 

n increase of serum inflammatory markers was detected, an ur- 

ent ambulatory evaluation was scheduled and the need for fur- 

her testing was discussed. The procedure was considered success- 

ul when clinical presentation and serologic tests (erythrocyte sed- 

mentation rate, C-reactive protein, and d -Dimer) remained normal 

fter withdrawal of antibiotic treatment. 

Orthopedic follow-up visits were scheduled at 1, 3, 6 and 12 

onths after surgery. At each step of the follow-up wound status, 

adiological signs of bone healing, gait and functional status of the 

atient were evaluated. 

esults 

During the period between January 2019 and December 2021 

even patients (4 males, 3 females) were treated with DAPRI for 

RI at our institution. Of these patients, 5 had acute pelvic and 

cetabular fracture (3 acetabular fractures, 1 vertical shear and 1 
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Fig. 1. Intraoperative images of calcium sulfate application and postoperative radiographs in Patient 4. A: calcium sulfate preparation kit on a new back table, ready for 

beads preparation. B: mixing process after antibiotic addition. C: calcium sulfate beads preparation using 4.8- and 6-mm diameter molds. d -E: positioning of calcium sulfate 

beads near acetabular and spino-pelvic fixation devices after debridement. F: calcium sulfate beads as seen post-operatively in plain radiography near acetabular and spino- 

pelvic implants. G: pelvic radiography taken at 1-month follow-up shows almost complete reabsorption of calcium sulfate beads. H: pelvic radiography taken at 12-month 

follow-up shows complete reabsorption of calcium sulfate and good bone formation. 
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ith open combined fractures) in addition to 2 malunited pelvic 

ases treated with corrective osteotomies. The mean age of the pa- 

ients was 38.7 years (range: 16–53 y/o, SD: ±12.3 years). The av- 

rage time from initial surgery to the first debridement procedure 

as 12.3 days (range: 8–19 days, SD: ± 4.5 days). The total number 

f surgeries performed in each patient to treat the infection ranged 

rom 2 to 5 (see Table 1 ). After the DAPRI procedure no further

urgical debridement was required in all patients. Complete wound 

ealing was achieved in all patients. Average hospital stay was 35.2 

ays (range, 21–75 days), including the initial surgical treatment of 

steosynthesis. We were able to identify the pathogenic organism 

n 5 out of 7 cases. 

The average follow-up was 9 months (range, 6–16 months). In 

ll patients, radiological evidence of complete bone healing was 

ound during follow-up evaluation, with no need for implant re- 

oval. Average time of bony union was 4.3 months (range, 3–

 months). All patients regained full weight-bearing and walking 

ithout aids with satisfactory functional recovery. 

Out of the possible complications described in literature relat- 

ng to the use of Stimulan, we reported two cases of excessive 
4 
ound drainage with a superficial fluid collection that needed sur- 

ical drainage; after cultural examination of the fluid no pathogen 

as detected. No cases of transient hypercalcemia and heterotopic 

ssification were observed. No clinical, laboratory or radiological 

vidence of infection was detected during follow-up in all cases. 

iscussion 

The present study described the use of a DAPRI technique in 

arly onset deep pelvic infections with the aim of improving the 

utcomes of the standard debridement procedures. According to 

he preliminary results reported in the present study, the success 

ate of the DAPRI technique in both eradicating infection and al- 

owing bone union in early FRI of the pelvis and acetabulum was 

00%. 

We believe these results may be associated with multiple fac- 

ors, including: 

• appropriate timing in early onset infections 

• performance of serial debridement surgeries with thorough re- 

moval of macroscopically infected tissue 
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• abundant vascularization of the pelvic region 

• high local concentration of antibiotics 

• use of chlorhexidine gluconate 

All patients in our study had early onset infection, treated 

ithin four weeks from internal fixation, and local conditions al- 

owed for the possibility of doing an extensive debridement. In the 

arly stage of FRI, biofilm formation appears to be in an immature 

tage without obvious osteomyelitis, therefore debridement may 

radicate most of the bacteria and/or biofilm [21] . 

The choice of performing multiple debridement surgeries was a 

ajor difference between our technique and the traditional DAPRI 

roposed for PJIs. While a meticulous open debridement in a sin- 

le surgical intervention has been shown to lead to good healing 

ates in acute infections, as the biofilm is still immature [ 14 , 22 , 23 ],

revious articles have described the possibility of performing serial 

ebridements with good clinical results both when dealing with 

RIs and PJIs [ 24 , 25 ]. Buijs et al., in particular, have described the

eed for multiple debridements in 52% of FRI patients treated with 

 DAIR procedure [25] . A single-stage eradication, when possible, 

hould always be the primary aim for FRI, especially when con- 

idering the possible drawbacks involved with multiple operations 

uch as multiple anesthesia, damage to local tissues, increased risk 

f wound healing complications and worse functional outcomes. 

owever, when dealing with pelvic and acetabular trauma in par- 

icular, the surgeon should be aware that serial debridement pro- 

edures might be required and therefore, the need for a multi-step 

urgical treatment has to be carefully considered. There are many 

eatures specific for pelvic trauma that led us to choose serial de- 

ridement as our preferred treatment option in this case series. 

he DAPRI technique described by Ghirardelli et al. [15] for in- 

ected total hip arthroplasty is applied only after isolation of the 

icro-organism following a fluoroscopy guided hip aspiration (cul- 

ure positive PJI). This aspiration procedure is not applicable in the 

etting of pelvic ring or acetabular fractures, due to the surround- 

ng anatomical structures and the absence of a delimited joint cav- 

ty. In addition, infections in the pelvis have a higher risk of caus- 

ng systemic sepsis than joint infections; consequently, it is often 

ecessary to carry out a first debridement as soon as possible, 

ithout waiting for the results of culture tests. 

In summary, we believe that the need for multiple debridement 

urgeries in pelvic ring and acetabulum FRI is mainly related to: 

• the absence of a well-defined cavity containing the infection 

• the presence of anatomical structures that must be preserved, 

even if in close contact with the infected area (e.g., urinary 

bladder, nerves, etc.…) 

• the inability to ensure complete removal of the biofilm in a sin- 

gle surgery: the eradication of the infection must be confirmed 

by subsequent cultures on surgical specimens 

Of course, subjecting patients to multiple surgeries also car- 

ies risks related to repeated general anesthesia and the aforemen- 

ioned possible increase in complications. However, taking into ac- 

ount risks and benefits, we consider it appropriate to perform se- 

ial debridement surgeries in order to eradicate the infection and 

romote patient recovery. We believe that a single-stage surgical 

radication of infection, and placement of local antibiotic carrier, 

an still be considered for these patients, but only in the event of 

atisfactory radical debridement and local conditions. Further clin- 

cal research will be necessary in order to confirm the real efficacy 

f serial debridement, compared with single-stage procedures, in 

atients with acute FRI after pelvic surgery. 

As previously mentioned, there are multiple factors we be- 

ieved contributed to the positive clinical outcomes in this case 

eries. The extensive vascular supply of the pelvic region allows 

or rapid bone consolidation and abundant local supply of systemic 
5 
ntibiotics [13] . Chlorhexidine gluconate is one of the most widely 

sed antiseptics for decontaminating skin, mucous membranes and 

edical devices; it has a direct bactericidal effect due to precipita- 

ion and/or coagulation of bacterial cytoplasmic contents caused by 

rotein cross-linking [26] . Based on our findings and experience, 

he use of a 4% chlorhexidine gluconate-added brush allowed us 

o mechanically and chemically remove the preformed biofilm in 

hese early FRI. 

The use of local antibiotic therapy through a bioabsorbable car- 

ier may play an important role in the management of early in- 

ection. Historically, polymethylmethacrylate (PMMA) beads have 

een used in PJI. However, PMMA is not resorbable, so its use re- 

uires a second intervention to remove it. It also has the intrin- 

ic risk of becoming a substrate for bacterial colonization and fa- 

oring the development of antibiotic resistance [27] . The addition 

f calcium sulfate beads constitutes a remarkable innovation as it 

llows to create an environment unfavorable to bacterial prolifer- 

tion and biofilm synthesis for a period of time up to 40 days 

 28 , 29 ]; moreover, these beads are completely re-absorbable, leav- 

ng no media for the proliferation of pathogens. Another advantage 

f calcium sulfate beads is their flexibility in terms of being mixed 

ith antibiogram-driven antibiotics; furthermore, heat labile an- 

ibiotics can be added because there are no exothermic reactions 

uring calcium sulfate beads preparation on the back table [30] . 

evertheless, the use of calcium sulfate beads is not completely 

ree from complications. McPherson et al. [31] . reported the pres- 

nce of a copious discharge from the wound requiring surgical in- 

ervention in 3.2% of patients following the use of calcium sulfate 

eads to treat PJI. The formation of heterotopic ossifications is also 

nother complication reported in 1.2% of patients following cal- 

ium sulfate beads use. We reported two cases of excessive super- 

cial fluid discharge that required drainage. However, no pathogens 

ere detected in the fluid and these patients achieved bony union 

nd infection eradication similarly to the others. 

The current study has many limitations. The small sample 

ize, the retrospective nature of the study, the relative short-term 

ollow-up and combination of acute fractures with malunited cases 

re the main ones. On considering that pelvic fractures make up 

pproximately 3% of all fractures, and that prevalence of surgical 

ite infection following fixation of pelvic ring injury is 2.1% [3] , this 

isastrous complication fortunately represents a rare occurrence. 

his limits collection of an adequate sample in a single center. 

herefore, there will be a need for multicentric studies to confirm 

he efficacy of the DAPRI technique in patients with early pelvic 

RI. 

onclusion 

DAPRI is a promising technique, which can be used safely in 

he treatment of early pelvic fracture-related infections. The pre- 

iminary results in the present study were encouraging, which in- 

icated that this technique may play a role in the management of 

arly infection after osteosynthesis in trauma patients. 
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