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Systemic iodine levels increase
with povidone-iodine irrigation, but does this
affect thyroid functions? A case-control study
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Abstract

Background Intraoperative irrigation with diluted povidone iodine (PI) can be used to reduce the incidence of
infection-related complications in arthroplasty surgeries. Since Pl is associated with many interventions, especially skin
antisepsis, its systemic effects are being studied. The aim of our study is to evaluate the systemic effects of P, which
we use as an irrigation solution, by means of urine iodine and thyroid function tests.

Methods In this case-control study, 96 patients who underwent knee or hip arthroplasty were included and divided
into two groups according to the irrigation solution. In the first group, Pl was added to the standard irrigation. The
second group was considered as the control group and only standard irrigation was applied. Urine iodine, thyroid
stimulating hormone, free T3 and free T4 values were compared in the preoperative and postoperative periods of
these two groups. In this way, the effect of absorbed iodine on thyroid functions was investigated.

Results In the diluted Pl group, urinary iodine levels were measured at maximum levels (450 ug/L) in the early
postoperative period in most of the patients. The statistically significant difference in urinary iodine levels between
the Pl group and the control group, which started in the early postoperative period, continued until the last follow-up
on the 14th postoperative day. In terms of thyroid functions, the observed differences were not statistically significant.

Conclusion Studies to reduce periprosthetic infection show that Pl can be preferred for irrigation before the closure
of the joint area in total joint arthroplasty. Although the success of this treatment in periprosthetic infection has been
investigated, its systemic examination has not been demonstrated. It was determined that Pl treatment, which was
seen to decrease in the systemic circulation within 14 days, did not show a statistically significant change in terms of
thyroid functions when used at the determined concentration and duration. These results should be evaluated with
larger and longer-term studies.

Trial registration Clinical trials ID no. NCT05599841.
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Introduction

Periprosthetic joint infections (PJI) are the most common
cause of readmission following total joint arthroplasty
(TJA) [1, 2]. Revision surgeries for PJI are challenging
[3, 4] and put a significant social and financial burden on
the healthcare system, despite advances in infection pro-
phylaxis and reduction of risk factors [5, 6]. Due to the
increasing bacterial antibiotic resistance and complexity
of revision TJA, the importance of additional applica-
tions to prevent infection during surgery is increasing [7].

Among various bactericidal solutions that can be
applied intraoperatively for PJI prevention, povidone
iodine (PI) is relatively inexpensive, widely available, and
has effective antimicrobial properties at low concentra-
tions with less cytotoxicity to normal host cells [8, 9].
Dilute PI lavage with broad efficacy against microor-
ganisms can safely reduce infection rates in spine and
arthroplasty surgeries [10-13]. Furthermore, two main
guidelines published by the World Health Organization
and the Centers for Disease Control and Prevention rec-
ommended intraoperative irrigation with dilute PI during
surgery prior to wound closure [14, 15].

Even if PI has no association with microorganism
resistance [16, 17], it can be chondrotoxic in long-term
administration and may cause cytotoxicity if not diluted
and wound complications that put patients at risk of dif-
ferent microorganisms [18-21]. Some studies have exam-
ined the systemic effects of povidone-iodine use. These
include oropharyngeal disinfection during COVID-19,
evaluation of the impact on the newborn and the mother
after use in caesarean section surgeries, intrarectal appli-
cations in tumor or ocular applications in cataract sur-
geries [9, 22—24]. Although studies on the systemic effect
of PI have been examined in many surgical departments,
the systemic consequences of its use for intraoperative
irrigation during TJA have not been presented in detail.
Therefore, this study aimed to investigate our hypothesis
that PI, which is a reliable and cost-effective antiseptic
used prior to the surgical area closure, can affect iodine
levels in the body by getting absorbed; however, that the
levels will not impair thyroid function values.

Material & methods

Patients

This research has been approved by the institutional
review board of the authors’ affiliated institutions
(approval no. 19-1291-18). The study was performed
in accordance with the Declaration of Helsinki. This is
a non-randomized, consecutively enrolled, two-group
(case control), comparative prospective trial to evaluate
the systemic effects of PI irrigation solution in 96 patients
who underwent primary total knee or hip arthroplasty
between January 2019 and December 2020. In 2019, PI
was used for skin cleansing and irrigation. In 2020, PI was
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applied only for skin cleansing in arthroplasty patients.
The cases with surgeries performed with intra-articular
PI irrigation were matched with subsequent cases with
surgeries performed with standard irrigation. The cases
of two groups were matched exactly according to surgi-
cal site (hip/knee), sex and age (in terms of decades).
Thus, errors that may be associated with standardization
of surgical site absorption and iodine metabolism in the
body were reduced. Patients with abnormal thyroid func-
tion tests in the preoperative period, a history of the pre-
vious thyroid-related disease, a history of iodine allergy,
a lack of laboratory data, and unmatched patients were
excluded from the study. This study was prepared in line
with the strengthening the reporting of cohort studies in
surgery (STROCSS) 2021 guideline [25].

Surgical technique

All surgeries were performed under spinal anaesthe-
sia. The incision site was scrubbed with a PI-containing
agent before surgery. Antisepsis of the whole extremity
was then performed by painting with 10% concentrated
PI content. The incision site was wiped again with a mix-
ture of 70% ethyl-15% isopropyl alcohol, and a drape was
placed (Ioban 2, 3 M, St. Paul., MN). The surgical pro-
cedure was the same in both groups until the original
implants were placed. Groups differ according to the con-
tents of the irrigation solutions applied before the closure
and after the original implant placement. In both groups,
pulse irrigation was performed with a total of 6,000 cc of
fluid. 6,000 cc of 0.9% isotonic sodium chloride was used
in the standard irrigation group. In the second group,
irrigation was performed with 3,000 cc of 0.9% isotonic
sodium chloride and 3,000 cc of <2% concentrated PI
content. The PI solution was left in the joint for 3 min.
The concentration and application time of this PI solu-
tion have been shown to be effective and safe [26, 27].
While the surgical area was closed, no suction drainage
was placed in any patient. Current studies also show that
the choice of the suction drainage placement does not
have superior outcomes. [28, 29]

The cases’ body mass index (BMI), American Society of
Anaesthesiologists score (ASA) and Charlson comorbid-
ity index (CCI) data were collected. In addition, thyroid-
stimulating hormone (TSH), free T3 (fI3), and free T4
(fT4) tests were taken preoperatively and on the 14th
day after surgery. Considering the half-lives of the evalu-
ated thyroid function tests, the last follow-up date was
determined as 14 days. A urinary catheter was placed as
a standard in the operating room in all patients. During
this application, 10% concentrated PI content was not
used for periurethral disinfection due to the possibility
of affecting the test results. Instead of PI-containing solu-
tion, sterile isotonic liquid, which was previously shown
to be used for disinfection, was preferred [30]. Urine
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All total knee or hip
arthroplasty patients
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Fig. 1 Flow chart of excluded and matched patients

iodine tests of the sample were first taken following the
insertion of a urinary catheter in the operating room.
Other urine iodine samples were taken on the 1st and 4th
postoperative days before discharge. A urine iodine sam-
ple was taken again on the 14th postoperative day, which
was the first control after discharge. Urine iodine results
could be measured at a maximum level of 450 pg/L. Sta-
tistical analyses were also performed with these data.

Statistical analysis

IBM SPSS Statistics 20 program (SPSS Inc., Chicago,
IL, USA) was used for evaluations. In descriptive statis-
tics, continuous data are expressed as mean, standard
deviation, median, minimum, and maximum values, and
percentage values indicate discrete data. Kolmogorov—
Smirnov test was used to examine the conformity of the
data to normal distribution. According to the normal dis-
tribution results of the groups, The Mann-Whitney U test
was used for comparisons between groups, and the Wil-
coxon test was used for time-based variables within the
group. Statistical significance was set at p<0.05. Power
analysis performed with postoperative urine iodine

Table 1 Comparison of patients by BMI, ASA, CCl, age, sex and
surgical site data

Group 1 (Standard) Group 2 (Pl) Pvalue
BMI (kg/m?2) 29.47+533 28.16+393 0303
ASA 2,15+0.80 2.04+0.94 0372
Ccal 240+£148 233+1.60 0.869
Age (years) 62.08+11.19 61.52+1121 0.730
Sex (female: male) 38:10 38:10 1.000
Surgical site (hip: knee)  11:37 11:37 1.000

Data are shown as mean+standard deviation; Body Mass Index (BMI), American
Society of Anaesthesiologists Score (ASA), Charlson Comorbidity Index (CCl)

results revealed that at least 46 patients from both groups
were required for 90% power.

Results

As a result of inclusion and exclusion in line with the
determined criteria, the study was conducted with 96
patients (Fig. 1). Patients were matched according to sur-
gical site (hip/knee), sex and age (in terms of decades). In
addition, these matched patients were compared in terms
of exact age, ASA, CCI, and BMI data (Table 1). A com-
parison of all data revealed no statistically significant dif-
ference in any of the parameter between the two groups.
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The urine iodine and thyroid function values, accord-
ing to time, in the groups that were irrigated with diluted
PI and standard are shown in Table 2 and Fig. 2. There
was no statistically significant difference in preoperative
laboratory results. Urinary iodine results of most patients
in the PI group were measured at the maximum level
(450 ug/L) on the first postoperative day. Although the
average urine iodine values decreased on the 4th post-
operative day, it was observed that the maximum urine
iodine values continued in some patients. The iodine dif-
ference in the urine, which increased significantly in the
postoperative period in the irrigation group with diluted
PI, continued on the 14th postoperative day (p=0.019).
In the group treated with standard irrigation, only the
iodine level in the urine on the first postoperative day
showed a significant difference compared to the preop-
erative period. This difference disappeared on the fourth
day (p=0.105). There was a significant difference in the
urine iodine results between the two groups at all time
periods except the preoperative period (Table 2).

This difference observed among the iodine results in
the urine was not observed between preoperative and
postoperative thyroid function values. There was no sta-
tistically significant difference between the two groups in
terms of thyroid function (Table 2).

(2024) 19:636

Page 4 of 7

Table 2 Comparison of patients with urinary iodine and thyroid
functional hormones in the preoperative and postoperative
periods

Group 1 Group 2 (Pl) Pvalue
(Standard)
Urine lodine  Preoperative 11524328 126.1+566  0.505
Levels (Mg/L) Postoperative  1768+526 421.6+654  <0.001%
Tst day
Postoperative 12054380 281.8+1419 <0.001*
4th day
Postoperative 1122+41.1 1548+£769  0.004*
14th day
Thyroid Preoperative 21+£12 19+ 0.273
Stimulating  postoperative ~ 24+14 20+10 0.286
Hormone
(mIU/L)
Free T3 Preoperative 49406 50+0.7 0.122
(pmol/L) Postoperative ~ 4.8+0.6 51415 0214
Free T4 Preoperative 12119 125421 0.381
(pmol/L) Postoperative ~ 120+19 120424 0429
Discussion

Dilute PI lavage can also be used in orthopaedic surgeries
to reduce infection-related complications. However, sys-
temic evaluation of the use of diluted PI for intraopera-
tive irrigation during TJA has not been shown in detail.
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Fig. 2 Clustered range bar chart of urine iodine results of the groups in the preoperative and 3 different postoperative periods



Ertan et al. Journal of Orthopaedic Surgery and Research

Irrigation with diluted PI, performed to reduce the risk
of periprosthetic infection did not affect thyroid func-
tion results in the selected patient group. Urinary iodine
levels in the PI irrigation group were higher in the early
postoperative period than in the standard irrigation
group, and the statistically significant difference contin-
ued the postoperative 14th day. In fact, urinary iodine
levels were measured at maximum levels (450 pg/L) in
the early postoperative period in most of the patients in
the PI group. On the other hand, if diluted PI treatment,
which is used to prevent infection-related complications,
especially surgical site infections and PJI, is applied at
recommended concentrations, no obvious risk was found
in terms of thyroid functions.

Diluted PI is a solution used in pre-closure irrigations
to reduce the risk for infections in joint arthroplasty
surgeries [31, 32]. In a controlled randomized study
of aseptic revision joint arthroplasty consisting of 478
patients, Calkins et al. reported that there was signifi-
cantly less acute infection in the patient group using PI
[12]. In this study, 0.35% PI solution was used for 3 min,
primary arthroplasty patients were not included, and
patients were followed up for 3 months for periprosthetic
infection. In another study, 2,550 primary arthroplasty
patients were retrospectively analysed by Brown et al. in
terms of acute periprosthetic infection rates for 90 days,
and the patients were compared as groups with and with-
out PI irrigation [19]. In this study, the concentration of
the PI solution and the irrigation duration were the same
as in study by Calkins et al. acute infection was observed
at the rate of 0.15% in the group using PI, and 0.97% in
the group not using PI, with statistically significant dif-
ference (p=0.04). However, reviewing seven studies
and 31,213 patients in a recent meta-analysis, Kim et al.
reported that irrigation with PI before closure had no sig-
nificant effect on infection [33].

To the best of our knowledge, the systemic effects
of PI, which is recommended as an irrigation solution
and is an applicable standard technique in orthopaedic
surgeries, have not been examined. There were several
studies related to other specialties examining the sys-
temic effects of both skin cleansing and application on
the wound. Quek et al. examined the effect of PI appli-
cation to the oropharyngeal area on thyroid function
as a case-control study [9]. When comparing this treat-
ment method applied during the Covid period with
177 patients, no statistically significant difference was
detected between the two groups in terms of thyroid
functions at the 6th week. In a prospective randomized
study with 86 patients, Tahirovic et al. investigated the
effect of PI applied for skin cleansing in caesarean sec-
tion operations on postpartum TSH values in newborns
and postpartum urine iodine values in both the mother
and newborn [24]. While elevated urine iodine values
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were found in both the mother and newborn in the PI
group, there was no statistically significant difference
in TSH values between the groups. As in this study, the
elevation in urine iodine values was not reflected in thy-
roid function values in our study. In another study, Tsu-
noda et al. investigated the systemic absorption of PI
after intrarectal administration and its effect on thyroid
function [22]. Patients with sigmoid colon and rectum
carcinoma were compared with the control group by
taking multiple blood samples before surgery and until
the second week after surgery. As a result of the evalua-
tions made in terms of electrolytes, total iodine and thy-
roid function tests, it was observed that the total iodine
value in patients receiving PI continued to be high until
the second week after surgery, especially in the sigmoid
colon group. There was no statistically significant differ-
ence between the groups in terms of thyroid functions.
In the study by Findik et al, the effect of intraoperative
lavage with PI on thyroid function values in patients who
underwent posterolateral thoracotomy was investigated
[34]. While examining TSH, fT3, and fT4 values, only fT3
data showed a statistically significant difference between
the groups among postoperative results. However, in the
study, it was observed that 4% concentration was applied
for 5 min for the lavage process. These values were higher
in terms of concentration and duration compared to the
values obtained with the technique applied by us.

In our study, an increase was observed in the first post-
operative urine iodine levels in the control group, and in
the next urine iodine results, this difference decreased
and lost statistical significance compared to the preoper-
ative period. We thought that this result might be related
to skin cleansing with PIL In the study of Nesvadbova et
al., the relationship between the use of PI in skin antisep-
sis and time-dependent systemic iodine absorption was
investigated [35]. In this in vitro study, healthcare work-
ers were examined, and the results showed that there
may be iodine absorption from the skin and an increase
in systemic iodine levels in patients undergoing surgery.
In the PI related dermal toxicity study of Eddy et al,
experimental animals were evaluated in terms of serum
iodine and thyroid functions after PI application [36]. In
the results that were found to be safe in terms of thyroid
functions, an increase in serum iodine values was also
observed.

There are some limitations of the study. First, this study
was not randomized, the hypothesis was presented in
line with the surgical technique that changed over time,
and the study was carried out for this purpose. However,
as we mentioned, many parameters were considered
while matching the patients, and patients who could not
be matched were excluded from the study. Another limi-
tation was the use of PI in skin cleansing. A statistically
significant increase was observed in urine iodine values
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in the early postoperative period in the patient group
in which only isotonic solution was used for irrigation
before closure. Therefore, a patient group in which PI was
not used for skin disinfection could have been included
in the study. However, not disinfecting the skin with PI,
could increase the risk of possible periprosthetic infec-
tion. Due to this risk, this application was not taken as a
variable. Another limitation can be noted regarding the
short-term follow-up of the study. It could not be deter-
mined whether there was any deterioration in thyroid
functions during long follow-ups. Although there is no
information in the literature showing that thyroid func-
tion tests may deteriorate in the late period, studies with
longer follow-up may provide information about the risks
in this regard.

Conclusion

PI irrigation is a method used for local control of infec-
tion, but its systemic interaction in arthroplasty surgery
has not been examined so far. Our study demonstrated
early systemic absorption of iodine in patients irrigated
with PL In fact, in most patients, urinary iodine levels
were at their highest measurable value in the early post-
operative period. After a while, this effect disappeared
and it was observed that it did not cause a significant
difference in thyroid function tests. However, we think
that the possible systemic effects of povidone-iodine on
patients should be investigated in more detail and in pro-
spective randomized studies with longer follow-up.
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