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The Intraoperative Use of Hypochlorous Acid in Infected Hip Arthroplasty
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ABSTRACT

Aim: Arthroplasty infections are serious and difficult to treat complications. Hypochlorous
acid (HOCI) is an oxidant produced endogenously in the body as a physiological part of the
inflammatory process, with the aim of eliminating pathogens activated by neutrophils. The aim
of this study was to evaluate the positive and negative effects on clinical results of HOCI used
as an irrigation solution during surgical treatment.

Material and Methods: The study included 37 patients who underwent single- or two-stage
revision surgery at the University of Health Sciences Sisli Hamidiye Etfal Training and
Research Hospital Orthopedics and Traumatology Clinic between January 2017 and December
2021. Treatment was applied according to our standard protocol of irrigation with 450 cc HOCI
following implant removal and an additional 50 cc HOCI to the subcutaneous tissue after
closing the fascia. The patients were evaluated during follow-up in respect of infections.
Results: While single-stage revision surgery applied to 20 patients, two-stage revision surgery
applied to 17 patients. 17 (45.9%) of the patients were male and 20 (54.1%) were female with
a mean age of 72.8+11.1 years. The mean follow-up period was 25.8+14.1 months. Revision
surgery was performed on one patient in each of the single and two-stage surgery groups. A
success rate of 94.6% (n=37) was obtained when all patients were evaluated.

Conclusion: The HOCI solution can be considered to make a positive contribution to the
eradication of infections in revision hip arthroplasty and can be an effective and safe alternative
to other irrigation solutions.
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Amagc: Artroplasti enfeksiyonlari ciddi ve tedavisi giic olan komplikasyonlardir. Hipoklordz
asit (hypochlorous acid, HOCI), patojenleri ortadan kaldirmak amaciyla, nétrofiller tarafindan
aktive edilen inflamatuar siirecin fizyolojik kisminin bir pargasi olarak viicutta endojen olarak
iiretilen bir oksidandir. Bu caligmanin amaci, cerrahi tedavi sirasinda irrigasyon soliisyonu
olarak kullanilan HOCInin klinik sonuglar iizerindeki olumlu ve olumsuz etkilerini
degerlendirmektir.

Gereg ve Yontemler: Calismaya Ocak 2017 ve Aralik 2021 tarihleri arasinda Saglik Bilimleri
Universitesi Sisli Hamidiye Etfal Egitim ve Arastirma Hastanesi Ortopedi ve Travmatoloji
kliniginde tek veya iki asamali kalca revizyon cerrahisi gegiren 37 hasta dahil edildi. Tedavi
tiim implantlar ¢ikarildiktan sonra standart protokoliimiize gore 450 cc HOCl ile irrigasyon ve
fasya kapatildiktan sonra subkutan dokuya ek 50 cc HOCI uygulandi. Hastalar takip sirasinda
enfeksiyonlar agisindan degerlendirildi.

Bulgular: 20 hastaya tek asamali revizyon cerrahisi uygulanirken, 17 hastaya ise iki agamali
revizyon cerrahisi uygulandi. Hastalarin 17'si (%45,9) erkek ve 20'si (%54,1) kadin olup
ortalama yaslar1 72,8+11,1 yil idi. Ortalama takip siiresi 25,8+14,1 ay idi. Tek ve iki agamali
cerrahi uygulanan gruplardan ikisinde de birer hastaya revizyon cerrahisi uygulandi. Hastalarin
tamamu degerlendirildiginde %94,6'lik (n=37) bir basar1 orani elde edildi.

Sonu¢: HOCI soliisyonunun revizyon kalga artroplastilerinde enfeksiyonlarin eradikasyonu
acisindan olumlu katkilarinin oldugu ve diger irrigasyon soliisyonlarina alternatif olarak etkin
ve giivenli bir yikama soliisyonu olabilecegini 6ngérmekteyiz.

Anahtar kelimeler: Artroplasti; enfeksiyon; kalga; hipoklordz asit.
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INTRODUCTION

Over recent years there has been an increase in the number
of total hip arthroplasty (THA) operations as a result of
longer implant life and increased social expectations of
patients. Although there has been a decrease in
periprosthetic hip infections (PHI) together with
developments in the field of healthcare, infections
occurring after THA are one of the most serious
complications encountered (1). Over time there has been a
great increase in both length of stay in hospital and costs
associated with PHI (2).

The treatment to be selected after the occurrence of PHI
can be separated into two forms, single-stage or two-stage
revision surgical procedures. Although there is no clear
consensus on which surgical treatment is to be selected,
single- or two-stage revisions are preferred depending on
the clinical status of the patient, the severity of the
infection, and the organism causing the infection (3).
There are positive contributions to the use of wound
antiseptics in surgical wound irrigation, but these
solutions can also have a cytotoxic effect. The ideal
antiseptic to be used in irrigations should have a
bactericidal effect at low concentrations and the cytotoxic
effect should be minimal (4,5).

Hypochlorous acid (HOCI) is an oxidant produced
endogenously in the body as a physiological part of the
inflammatory process, with the aim of eliminating
pathogens activated by neutrophils. HOCI has been shown
to have a rapid bactericidal effect against most pathogens
responsible for surgical site infections. In addition to the
fragmentation effect on biofilms, HCOI has a low
cytotoxic effect and a neutral pH value. As a result of these
properties, there has started to be an increase in studies
related to the use of HCOI solution on the skin, as an oral
antiseptic, and during the surgical treatment of open
wounds and infections (6-15).

Whichever method of surgical treatment is selected,
surgical success with respect to infection eradication is
affected by numerous factors, including the facilities and
characteristics of the center where the surgery occurs, the
selection and application of the irrigation solution, and
human factors.

The aim of this study was to evaluate the positive and
negative effects of HOCI use as an irrigation solution
during the surgical treatment of patients who developed
chronic PHI following hip arthroplasty.

MATERIAL AND METHODS

A retrospective examination was made of 41 patients who
underwent single-stage or two-stage revision surgery
because of PHI between January 2017 and December
2021, with the use of HOCI as the irrigation solution
during the surgical treatment. All the patients were given
information about the medical and surgical treatments to
be applied in the management of PHI, and about the HOCI
irrigation solution that was planned to be used and
informed consent was obtained from all patients. This
study was performed in line with the principles of the
Declaration of Helsinki. Ethics committee approval was
granted by the Ethics Committee of Health Sciences
University Sisli Hamidiye Etfal Training and Research
Hospital (dated 18.04.2023, and numbered: 3881). The
study exclusion criteria were defined as treatment with
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only anti-biotherapy or debridement irrigation and implant
retention. Because four patients left the follow-up, the
study was completed with 37 patients. A record was made
for each patient of age, sex, body mass index (BMI),
American Society of Anesthesiologists (ASA) score,
operated side, and prophylactic antibiotics used.

The diagnosis of infection was made considering the
criteria established by the Musculoskeletal Infection
Society (MSIS) together with clinical, radiological, and
laboratory findings such as fistulated discharge, elevated
sedimentation and C-reactive protein (CRP), redness and
increased temperature, and implant loosening observed on
scintigraphy and radiographs (16).

All the patients were treated in a single center, and
standard perioperative care was applied according to the
rules of joint arthroplasty. Following sufficient debridement
and the taking of a sample for culture, intravenous
antibiotic prophylaxis in accordance with the national
surgery guidelines was administered as 1-2 gr cefazolin or
a single dose of 15-20 mg/kg vancomycin. Unless specific
allergic reactions were reported, iodine-soaked drapes
were used on all the patients. When there were no
different indications related to comorbid diseases, low
molecular weight heparin (once a day) was administered
postoperatively.

Revision surgery was performed as single-stage to 20
patients and as two-stage to 17 patients. In both the single-
and two-stage revision protocols, only isotonic and HCOI
were used as irrigation solutions during debridement.
During the single-stage revision, after the removal of the
implant and surgical debridement, HCOI was used after
mechanical debridement of the surgical site with
physiological saline. In the first stage of the two-stage
revision, the implant was removed, then following
surgical and mechanical debridement with physiological
saline, HCOI was used before the application of the
spacer. In the second stage when clinical and
hematological markers had returned to normal, the spacer
was removed, then following surgical and mechanical
debridement, and irrigation with HOCI, the revision
implant was applied.

HOCI is produced from an inverse reaction of sodium
hypochlorite and hydrogen peroxide (HP). The
concentration used in this study was 200 ppm, pH 7.1,
oxidation reduction potential (ORP) of 871 millivolt (mV),
and stability for 24 months. For all patients, irrigation
with 450 cc HCOI was applied to the surgical area for 5
minutes (Figure 1). After aspiration of the HCOI and
closure of the fascia, irrigation was applied again with a
50 cc HOCI solution. The basic pathophysiological
parameters of blood pressure, heart rate, and respiratory
rate were recorded intraoperatively, before, during, and
after the HCOl irrigation.

Standard postoperative follow-up in our institution
includes follow-up examinations at 3 weeks, 6 weeks, 3
months, 6 months, and 1 year. The patients were followed
up for at least 1 year. The sutures were removed after 21
days after checking wound healing. Anti-biotherapies
were adjusted according to the recommendations of the
Infectious Diseases Department according to the culture
results. At the follow-up examinations, the presence of
discharge, redness, or fistula was clinically evaluated.
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Radiologically, it was examined whether or not there was
loosening observed on the radiographs, and from blood
samples, the infection parameters of sedimentation rate,
white blood cell (WBC), and CRP were evaluated.

RESULTS

The evaluation was made of 37 patients operated on
because of PHI, with single-stage revision surgery applied
to 20 patients and two-stage revision surgery to 17. The
patients comprised 17 (45.9%) males and 20 (54.1%)
females with a mean age of 72.8t11.1 (range, 41-90)
years. The operated hip was right side in 21 (56.8%)
patients and left side in 16 (43.2%). The body weight of
the patients was mean 76.0+7.8 (range, 60-100) kg, with
mean BMI calculated as 27.943.6 kg/m?. From the BMI
measurements, 2 (5.4%) patients were classified as
morbidly obese, 7 (18.9%) as obese, 21 (56.8%) as
overweight, and 7 (18.9%) as normal weight. Additional
diseases of the patients were determined as diabetes
mellitus, hypertension, chronic renal failure, pulmonary
diseases, history of cancer, cardiac pathologies, and
cerebrovascular event (Table 1). The ASA scores were
determined as ASA 1in 4 (10.8%), ASA 2 in 12 (32.4%),
ASA 3in 17 (45.9%), and ASA 4 in 4 (10.8%) patients.
A partial hip prosthesis was present in 19 (51.4%) patients,
a total hip prosthesis in 13 (35.1%), and a revision hip
prosthesis in 5 (13.5%). In 1 patient for whom two-stage
revision was planned, despite sufficient anti-biotherapy
after the first stage, because of elevated infection values
and discharge, debridement and spacer placement were
repeated before the second stage.

As infection was not eradicated, revision surgery was
performed in 1 patient who had undergone single-stage
surgery and in 1 patient who had undergone two-stage
surgery. A success rate of 94.6% (n=37) was obtained
when all patients were evaluated together. When evaluated
separately, the success rates were 95.2% (n=20) in the
single-stage group and 94.4% (n=17) in the two-stage
group.

Polymicrobial organisms were seen to be produced in the
cultures of 5 patients. The organisms produced were
shown in Table 2. Despite the infection parameters in 8
patients, no microbial agent was produced in the culture.
No data related to any allergic or unusual reaction having
developed associated with the use of HCOI were obtained
from any patient perioperatively or in the postoperative
period. No complication or delay in wound healing was
observed in any patient.

The mean follow-up period was 25.8+14.1 (range, 12-64)
months. With the exception of the 2 patients who were
operated on again, the clinical and laboratory parameters
throughout the follow-up period showed a regression of
infection and there was observed to be a decreased need
for analgesia. No findings of loosening of the components
were observed radiologically.

DISCUSSION

Together with the increased number of arthroplasty
operations, there has been a relative increase in the
development of PHI. Increased antibiotic resistance,
which has become a significant problem in recent years,
has made the use of irrigation solutions during surgical
treatment of PHI more important (2-4,6).
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Figure 1. Hypochlorous acid application

Table 1. Additional diseases of the patients

Disease n (%)
Diabetes mellitus 12 (32.4)
Hypertension 26 (70.3)
Chronic renal failure 6 (16.2)
Respiratory diseases 7(18.9)
History of cancer 3(8.1)
Heart diseases 11 (29.7)
Cerebrovascular event 3(8.1)

Table 2. The organisms in the cultures of the patients
Pathogens

Escherichia coli

Pseudomonas aeruginosa

Staphylococcus epidermidis

Corynebacterium amycolatum

Proteus mirabilis

Candida albicans

Klebsiella pneumoniae

Enterobacter aerogenes

Streptococcus pyogenes

Staphylococcus aureus

Methicillin-resistant Staphylococcus aureus (MRSA)
Enterococcus faecium

Vancomycin-resistant Enterococcus faecalis (VRE)

HCOI is a small molecule produced by WBCs in the body
in the oxidation process to kill pathogens. As it is small
and neutral, it cannot be removed by bacteria membranes
and thus has the effect of eliminating membrane
components (15). In previous studies, HCOI has been
shown to be extremely effective against antibiotic-resistant
bacteria, those forming a biofilm, fungi, and viruses. All
the micro-organisms produced in the cultures of the
current study patients were seen to be micro-organisms
against which HCOI has been shown to be effective in
previous studies that have evaluated the bactericidal
efficacy of HCOI (7,8,14).
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The ideal irrigation solution should show destructive and
bactericidal efficacy on biofilms even at low
concentrations, and there should be a very low or no
cytotoxic effect (4-6). Biofilm formation is accepted as a
serious problem in chronic wound infections (17). HOCI
has the characteristics of an ideal wound care solution in
respect of showing a rapid micro-bactericidal effect
against different micro-organism species within the
biofilm. There is no negative effect on wound healing, and
it has even been shown to make a positive contribution to
wound healing as there are dose-related positive effects on
fibroblast and keratinocyte migration (7,8). No wound
healing problems and no delay in wound healing were
observed in any of the current study patients.

Antiseptics that can be used as irrigation solutions during
arthroplasty procedure include povidone-iodine (Pl),
chlorhexidine (CHG), acetic acid (AA), HP, sodium
hypochlorite, and HOCI (6,18). In most clinical studies in
the literature, Pl and CHG have been used during
arthroplasty (6). Hart et al. (19) used PI as the irrigation
solution in a study of revision hip arthroplasty and
reported revision because of infection in the first year at
the rate of 5.2% after a 1-year follow-up period. In a study
by Riesgo et al. (20), a success rate of 83.3% was reported
with the use of PI together with vancomycin as the
irrigation solution during implant change in infected hip
and knee arthroplasties. Byren et al. (21) used CHG in
implant change after PHI and reported a success rate of
86.5% (45/52).

Due to the low number of studies in literature, no
consensus has yet been reached on the stage of determining
the ideal irrigation solution. All the above-mentioned
antiseptics have shown cytotoxic effects at different
concentrations in studies in the literature (6,18). The
cytotoxic effect of free iodine on chondrocytes,
osteoblasts, and other normal host cells has been shown
even at low concentrations (6,22,23). Compared with 1%

Table 3. The results of single-stage arthroplasty in literature

Intraoperative Use of Hypochlorous Acid

Pl, CHG, and 10% PI, HCOI at doses effective on the
biofilm has been shown to have a less cytotoxic effect (9).
As HCOI is not irritant to the skin, does not show a
cytotoxic effect, has a neutral pH, and converts to salty
water similar to tears by breaking down within minutes, it
is not necessary to wash it from the wound and skin, unlike
other wound cleaning solutions (24,25).

In the current study of patients operated on because of
PHI, it was seen to be necessary to repeat the revision due
to the infection in 2 patients, and thus a success rate of
94.6% (n=37) was obtained in total. In a review and
meta-analysis by Kunutsor et al. (26), the total re-infection
development rate was reported to be 8% in patients applied
with single- or two-stage revision surgery because of PHI.
The total re-infection rate in the current study was
determined to be 5.4% (n=2). The results published in the
literature of patients applied with single- and two-stage
surgery because of PHI are shown in (Tables 3 and 4).
When evaluated together with the literature, it can be seen
that the results of the current study are at least as successful
as those in the literature.

When the literature was scanned related to the duration of
HCOI within the wound, it can be seen that no clear
consensus has been reached. After use, after having
encountered pathogens and the biological load, HCOI
returns to non-reactive NaCl and H.O within minutes (23).
Although it has been reported that the destructive and
bactericidal effect is shown within seconds against many
bacteria and the biofilms formed, there are also data in the
literature that an effect against fungi is formed within 5
minutes (6,7,10). Therefore, in the current study, irrigation
was applied for 5 minutes.

There are reports in the literature that the use of HCOI in
orthopedic implant-related infections can cause corrosion
and wear on CoCr and Ti metals. In a review study by
Siddigi et al. (6), it was recommended that care should be
taken in the use of HCOI in patients with an implant and in

Authors Year Number of patients Type of arthroplasty Infection control rate (%) Follow-up (year)
Winkler et al. (27) 2008 37 one-stage 92 4.4
Rudelli et al. (28) 2008 32 one-stage 93.8 8.5

Yoo et al. (29) 2009 12 one-stage 834 7
Klouche et al. (30) 2012 38 one-stage 100 2

Choi et al. (31) 2013 17 one-stage 82 5.2
Hansen et al. (32) 2013 27 one-stage 70 4.2

Zeller et al. (33) 2014 157 one-stage 95 5

Table 4. The results of two-stage arthroplasty in literature

Authors Year Number of patients Type of arthroplasty Infection control rate (%) Follow-up (year)
Masri et al. (34) 2007 29 two-stage 89.7 2

Biring et al. (35) 2009 99 two-stage 89 12
Oussedik et al. (36) 2010 39 two-stage 94.9 6.8
Engeseter et al. (37) 2011 283 two-stage 95 3

Choi et al. (31) 2013 44 two-stage 86.4 5.8
Ibrahim et al. (38) 2014 125 two-stage 96 5

Chen et al. (39) 2014 157 two-stage 91.7 9.7

Duzce Med J, 2023;25(2)
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those where the implant is not removed. Therefore, when
an implant is present, the use of HCOI would be appropriate
with a good benefit-harm calculation. As the HCOI was
applied in the current study after the removal of the
implant, the effect on implants was not evaluated (6,11).
There were some limitations to this study. These can be
said to be the retrospective design, the lack of a control
group, the relatively low number of patients, and the short
follow-up period.

CONCLUSION

In the patients in this study with irrigation performed with
HCOI, which is bactericidal and shows an effect on
biofilms, no complications or allergic reactions were
determined associated with the use of this solution. When
compared with the results of other studies of revision
surgery performed because of PHI, the current study
results were seen to be at least as successful as the results
of other studies. HOCI solution can be considered to make
a positive contribution to the eradication of infections in
revision hip arthroplasty and can be an effective and safe
alternative to other irrigation solutions. Nevertheless, it
would be appropriate to conduct further prospective
studies with control groups and a longer follow-up period
related to the use of HCOI.
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