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Purpose: Studies have shown the prevalence of iron deficiency anemia (IDA) increasing worldwide, and cur-
rently the literature is limited on the impact of IDA on outcomes following revision tota hip arthroplasty
(RTHA). Therefore, the purpose of this study was to determine whether IDA patients undergoing RTHA have
longer: 1) in-hospital lengths of stay (LOS); 2) medical complications; and 3) costs of care.

Materials and Methods: A retrospective query of a nationwide administrative claims database was performed.
Using Boolean command operations, the study group consisted of al patientsin the database undergoing RTHA
with IDA; whereas, patients without IDA served as controls. To reduce the effects of confounding, study group
patients were matched to controls in a 1.5 ratio by age, sex, and medical comorbidities yielding 92,948 patients
with (n=15,508) and without (n=77,440) IDA undergoing revison THA. A P-value less than 0.001 was consid-
ered satigticaly significant.

Results. IDA patients were found to have significantly longer in-hospital LOS (5 days vs. 4 days, P<0.0001).
Additionaly, the study showed IDA patients were found to higher incidence and odds of (73.84% vs. 11.77%,
OR 5.04, P<0.0001) 90-day medical complications. IDA patients also incurred high 90-day episode of care costs
($25,597.51 vs. $20,085.70, P<0.0001).

Conclusion: After adjusting for age, sex, and medical comorbidities this study of over 92,000 patients demon-
strated IDA is associated with longer in-hospital LOS, complications, and costs of care. Future studies should
compare the duration and severity of IDA on outcomes.
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INTRODUCTION

Iron deficiency anemia (IDA) is a common health con-
dition with increasing prevaence worldwide*?. The diag-
nostic criteriafor IDA includes amyriad of laboratory val-
ues to be considered for the diagnosis, namely alow hemo-
globin (<7.7 mmol/L in men and 7.4 mmol/L in women],
alow serumiron (<7.1 xg/L), alow serum ferritin — the
storage form of iron (<30 ng/L), alow transferrin satura-
tion (<15%), and a high total iron-binding capecity (>13.1
pmol/L)?. This observation is even more pertinent in the
U.S. where the prevalence of anemia has nearly doubled
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(4.0% to 7.1%). Risk factorsfor IDA include age and co-
morbidities like diabetes and congestive heart failure?. The
IDA status of patients isimportant to consider in invasive
procedures such as orthopedic surgeries where it associat-
ed with extended recovery time, alonger length of stay,
increased readmission rates, and higher costs of care'®.

Current literature supports IDA as an independent risk fac-
tor in orthopedic procedures, but thereis alack of research
investigating the impact of IDA on revision tota hip arthro-
plasty (RTHA). Nesslage et a.? found IDA is associated
with greater risks of revision following primary total hip
arthroplasty (THA). In arecent retrospective cohort study,
Sim et al.” found preoperative anemia is associated with
poorer physical function and health-related quality of life
after hip fracture surgery. Furthermore, in a prospective
observational cohort study, Halm et al.® demonstrated that
higher preoperative hemoglobin was associated with short-
er length of stay and lower odds of death and readmission
within 60 days of discharge following hip fracture surgery.
The aforementioned studies suggest IDA is an important
risk factor to consider in THA and hip fracture surgery due
to its significant impact on patient outcomes. However, the
relationship between IDA and outcome following RTHA
has not been assessed, and with an increasing preva ence of
IDA and need for RTHA, further evaluation of thislink is
warranted. As such, the purpose of this study isto determine
whether IDA patients undergoing RTHA have increased:
1) in-hospital lengths of stay (LOS); 2) medica complica
tions; and 3) costs of care.

MATERIALS AND METHODS
1. Database

A retrogpective query of anationwide adminigtrative daims
database was performed from January 1, 2005 to March
31, 2014 using the 100% Parts A and Parts B Medicare
Standard Analytical Files (SAF) from the PearlDiver plat-
form®. The for-fee database houses the records of over 150
million patients and allows investigators information such
as complications, diagnoses, discharge disposition, econom-
ic data, and other research variables. Information is queried
through the use of International Classification of Disease,
Ninth Revison (ICD-9) and Current Procedura Terminology
(CPT) codes. The data is subsequently downloaded as a
comma separated value (.csv) spreadsheet for further data
analyses. As the spreadsheet is devoid of patient informa:
tion, the current investigation was deemed exempt through
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our Institutional Review Board (IRB) approvals process.
2. Study Population

The database was initially queried for all patients who
underwent RTHA using the ICD-9 procedural codes 81.53
and 84.57. IDA patients were identified using ICD-9 diag-
nosis code 280.0 (IDA secondary to blood loss — chronic),
280.1 (IDA secondary to inadequate dietary iron intake),
280.8 (other specified IDAS), and 280.9 (IDA, unspeci-
fied). Using Boolean command operations (“AND”, “OR”,
“NOT"), the resulting study group consisted of all patients
in the database that underwent RTHA with IDA. However,
we only included patients who had IDA within 90 days prior
to the index procedure, wheress patients without IDA served
as controls. To reduce confounding effects, study group
patients were matched to controls at a 1.5 ratio by age, sex,
and the following medical comorbidities: coronary artery
disease (CAD), chronic obstructive pulmonary disease
(COPD), diabetes mellitus, hyperlipidemia, hypertension,
obesity (defined as body massindex greater than 30 kg/m?),
and tobacco use. This method of matching was utilized
based on previoudy published investigations*2. The search
resulted in atotal of 92,948 patients with (n=15,508) and
without (n=77,440) IDA undergoing revison THA. Matching
was successful as there was no setitica differences between
the aforementioned matching parameters for the two cohorts
(Table 1).

3. Primary Endpoints

Endpoints of the study were to compare in-hospital LOS,
90-day medical complications, in addition to day of surgery
and total global 90-day episode of care costs. Ninety-day
complications analyzed included: acute rena failure, cere-
brovascular accidents (CVAS), degp vein thromboses (DVTS),
ileus, myocardid infarction, pneumonia, pulmonary emboali,
respiratory failure, surgical site infections (SSls), and uri-
nary tract infections (UTls). Healthcare costs were compared
using reimbursement data as this is a more accurate repre-
sentation of what providers are paid from the insurance
companies and has been used asametric in previoudy pub-
lished studies utilizing the same database®.

4. Data Analyses

Satigtica analyseswere performed using the open program-
ming language known as R (Foundation for Computational
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Statistics, Vienna, Austria). Basaline demographic profiles
between the two cohorts were compared using Pearson’s
chi-sguare analyses or Fisher’s exact test when appropri-
ate. Continuous variables such asin-hospital LOS and costs
of care of the two cohorts were analyzed using Welch’'s t-
tests. To determine the association of IDA with medical
complications, a univariate logistic regression analyses was
performed to caculate the odds ratios (OR), 95% confidence
intervals (95% Cl), and respective P-va ues. For those com-
plications which were found to be of statistical significance
based on univariate analyses, a multivariate logistic regres-
sion analyses was performed to determine the association
of IDA on complications adjusting for age, sex, geographic
region, and Elixhauser comorbidity index (ECI). Dueto the
number of comparisons which were performed within this
study, a Bonferroni-correction was made to reduce the prob-
ability of atype| error, which is commonly associated with
large administrative datasets. As such, a P-value less than
0.001 was considered statistically significant.

RESULTS
1. In-hospital Length of Stay

IDA patients were found to have significantly longer in-
hospital LOS compared to matched controls (4.82 days vs.
3.61 days, P<0.0001). The data demonstrated an increase
for in-hospital LOS through the study interval for IDA
patients for amean in-hospital LOS from 3.92 daysin 2010
to 5.31 days by the end of the first quarter of 2014. Female
patients had longer in-hospital LOS compared to their male
counterparts (5.11 days vs. 3.67 days).

2. Medical Complications and Costs of Care

Univariate logistic regression analyses demonstrated
RTHA patients who have IDA had significantly higher
frequency and odds of developing medical complications
(73.84% vs. 11.77%, OR 19.48, 95% CI 18.69-20.20, P
<0.0001) (Table 2). Specificaly, IDA patients were found
to have higher frequency and odds of acute renal failure
(11.40% vs. 1.15%, OR 11.09, 95% Cl 10.21-12.04, P<0.0001),
pneumoniae (9.23% vs. 1.04%, OR 9.67, 95% Cl 8.85-10.56,
P<0.0001), episodes of ileus (1.76% vs. 0.19%, OR 9.61,

Table 1. Demographic Profile of Iron Deficiency Anemia Patients and Matched-controls Undergoing Revision Total Hip

Arthroplasty

Demographic Iron dﬁ{il:}lesr'\;gsa]nemla [ni?7r']7t,2.l0] P-value*
Age (yr) 0.99
<64 2,734 (17.6) 13,681 (17.7)
65-69 3,673 (23.7) 18,333 (23.7)
70-74 3,004 (19.4) 14,991 (19.4)
75-79 2,662 (17.2) 13,299 (17.2)
80-84 1,991 (12.8) 9,933 (12.8)
>85 1,444 (9.3) 7,203 (9.3)
Sex 0.99
Female 8,521 (54.9) 42,557 (55.0)
Male 6,987 (45.1) 34,883 (45.0)
Comorbidity
CAD 5,211 (33.6) 26,003 (33.6) 0.96
COPD 228 (1.5) 1,080 (1.4) 0.92
Diabetes mellitus 4,250 (27.4) 21,187 (27.4) 0.91
Hyperlipidemia 9,226 (59.5) 46,092 (59.5) 0.95
Hypertension 12,743 (82.2) 63,642 (82.2) 0.98
Obesity 1,366 (8.8) 6,786 (8.8) 0.86
Tobacco 2,720 (17.5) 13,532 (17.5) 0.85

Values are presented as number (%).

CAD: coronary artery disease, COPD: chronic obstructive pulmonary disease.

* Assessed by Pearson’s chi-square analyses.

142

www.hipandpelvis.or.kr



Hip & Pelvis

Mohamed M. Sylla et a. How Does IDA Impact Outcomes following RTHA?

95% Cl 7.85-11.77, P<0.0001), respiratory failures (7.56%
vs. 0.94%, OR 8.60, 95% Cl 7.82-9.45, P<0.0001), myocar-
dia infarctions (2.34% vs. 0.32%, OR 7.58, 95% ClI 6.44-
8.92, P<0.0001), UTIs (20.13% vs. 3.51%, OR 6.92, 95%
Cl 6.55-7.31, P<0.0001), CVAS (4.54% vs. 0.72%, OR 6.54,
95% ClI 5.84-7.31, P<0.0001), pulmonary emboli (1.43%
vs. 0.29%, OR 5.05, 95% Cl 4.19-6.08, P<0.0001), DV Ts
(4.36% vs. 0.97%, OR 4.64, 95% Cl 4.17-5.15, P<0.0001),
venous thromboemboli (4.81% vs. 1.11%, OR 4.50, 95%
Cl 4.07-4.97, P<0.0001), and SSIs (6.28% vs. 1.53%, OR
4.30, 95% CI 3.94-4.69, P<0.0001) (Table 2).

Adjugting for age, sex, geographic region, and ECI the mul-
tivariate logistic regression analyses demonstrated IDA
patients had a higher incidence and odds of developing
medical complications within the episode of care time
interval (73.84% vs. 11.77%, OR 5.04, 95% Cl 4.82-5.27,
P<0.0001) (Table 2). Comparing 90-day medical compli-
cations amongst IDA patients and matched controls under-
going RTHA, IDA patients had a higher risk of develop-
ing acute rena failure (11.40% vs. 1.15%, OR 5.61, 95%
Cl 5.13-6.14, P<0.0001), ileus episodes (1.76% vs. 0.19%,
OR 5.46, 95% CI 4.39-6.80, P<0.0001), pneumoniae
(9.23% vs. 1.04%, OR 5.26, 95% Cl 4.78-5.79, P< 0.0001),
UTIs (20.13% vs. 3.51%, OR 4.75, 95% CI 4.48-5.04,
P<0.0001), respiratory failures (7.56% vs. 0.94%, OR
4.50, 95% CI 4.06-4.98, P<0.0001) myocardial infarc-
tions (2.34% vs. 0.32%, OR 3.93, 95% Cl 3.29-4.70,
P<0.0001), CVAS (4.54% vs. 0.72%, OR 3.77, 95% CI

3.34-4.26, P<0.0001), DV'Ts (4.36% vs. 0.97%, OR 3.32,
95% Cl 2.96-3.71, P<0.0001), SSls (6.28% vs. 1.53%, OR
3.21, 95% CI 2.92-3.52, P<0.0001), venous thromboem-
boli (4.81% vs. 1.11%, OR 3.19, 95% Cl 2.86-3.55, P<
0.0001), and pulmonary emboli (1.43% vs. 0.29%, OR
3.03, 95% CI 2.47-3.72, P<0.0001).

When assessing hedlthcare expenditures, the data showed
a higher cost of care for IDA patients both on the day of
the surgery ($19,331.94 vs. $17,229.08, P<0.0001) and dur-
ing 90-day complications ($25,597.51 vs. $20,085.70,
P<0.0001) following the index procedure.

DISCUSSION

Anemia prevaencein the US has increased from 4.0%
to 7.1%, nearly doubling from 2003-2004 to 2011-2012,
Whileit is suggested that IDA is generally linked to worse
surgical outcomes, research on itsimpact on RTHA is till
lacking**9. As such, a nationwide administrative claims
database was used to research the association of IDA with
outcomes following RTHA. After adjusting for age, sex,
and medical comorbidities the current study of over 92,000
patients demonstrated that IDA is associated with a signif-
icant increase in-hospital LOS, increased incidence and
odds of 90-day medical complications, and increased cost
of care both on the day of the surgery and during 90 days
postoperative. This study isimportant asit provides infor-
mation that can help elucidate possible postoperative com-

Table 2. Frequency of 90-day Medical Complications between Iron Deficiency Anemia Patients and Comparison Cohort

Univariate analyses

Multivariate analyses

Medical complication

OR (95% CI) P-value OR (95% Cl) P-value*
Acute renal failure 11.09 (10.21-12.04) <0.0001 5.61(5.13-6.14) <0.0001
Pneumoniae 9.67 (8.85-10.56) <0.0001 5.26 (4.78-5.79) <0.0001
Ileus episodes 9.61(7.85-11.77) <0.0001 5.46 (4.39-6.80) <0.0001
Respiratory failure 8.60 (7.82-9.45) <0.0001 4.50 (4.06-4.98) <0.0001
Myocardial infarctions 7.58 (6.44-8.92) <0.0001 3.93(3.29-4.70) <0.0001
Urinary tract infections 6.92(6.55-7.31) <0.0001 4.75 (4.48-5.04) <0.0001
Cerebrovascular accidents 6.54 (5.84-7.31) <0.0001 3.77 (3.34-4.26) <0.0001
Pulmonary emboli 5.05 (4.19-6.08) <0.0001 3.03(2.47-3.72) <0.0001
Deep vein thromboses 4.64 (4.17-5.15) <0.0001 3.32(2.96-3.71) <0.0001
Venous thromboemboli 4.50 (4.07-4.97) <0.0001 3.19 (2.86-3.55) <0.0001
Surgical site infections 4.30 (3.94-4.69) <0.0001 3.21(2.92-3.52) <0.0001
Total complications 19.48 (18.69-20.20) <0.0001 5.04 (4.82-5.27) <0.0001
Iron deficiency anemia cohort Control

In-hospital LOS (day) 4.82 3.61 <0.0001

OR: odds ratios, Cl: confidence interval, LOS: lengths of stay.

* Adjusted for age, sex, geographic region, and the Elixhauser comorbidity index.
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plicationsin IDA patients.

While the study is well-powered, it is not without limi-
tations. Some of these limitations are inherent to retrospec-
tive studies, where the accuracy of the data cannot be fully
ascertained. Petients and complications were identified usng
the ICD-9 codes, which is not exempted from misdiagnoses
and errors®. The accuracy of our datais therefore highly
dependent on the accuracy of the ICD-9 codes. Although
we have matched for age, sex, and medical comorbidities,
measurement of outcome still is subject to errors that can-
not be accounted for such as worse outcome due to human
error or malpractice. Furthermore, IDA cannot be complete-
ly identified as an independent variable because low iron
levels diagnosed as IDA could be one symptom of alarger,
underlying, undiscovered medical condition. For instance,
IDA could potentialy be an indicator of other underlying
medical conditions such as chronic kidney disease, as such,
these complications can naturaly occur in this patient pop-
ulation. Given this possibility, it is questionable whether
the results of this study can be summarized exclusively to
patients who have IDA. Therefore, our study islimited to
theimpact of IDA on RTHA outcome based on ICD-9 IDA
diagnosis and our given data, not necessarily IDA itsdf. Due
to limitations of the Pear|Diver platform, we were unable
to ascertain laboratory markers to further ensure that petients
truly had IDA, and to determine the association of IDA with
outcomes in patients undergoing the revision procedure.
However, this can serve as the basis for future prospective
studies as our study provides statistically significant infor-
mation where the literature is insufficient. This study isa
foundation, i suggesting directions for future studies that
can further explore the identified relationship between IDA
and RTHA outcomes. Further studies are needed to quan-
tify theimpact of IDA severity and duration on outcomefol-
lowing RTHA.

There is limited research on the subject of IDA and its
impact following RTHA. Nonetheless, our assessment of
the link between IDA and outcome following RTHA is
echoed by similar studies®**®. In aretrospective analysis of
146 elective RTHA patients, Mahadevan et d.*® found that
LOS was significantly increased in patients who received
transfusions. Transfusion requirements were greater in
patients who had lower preoperative hemoglobin concen-
tration, thus anemic patients. Mahadevan et d.*® also found
that LOS was linked to an increase in age with patients that
were 80 and older having aLOS of 22 days. That is nearly
doubled the LOS of patients that were below 60 years old.
Notably, given the low sample size, there is some question
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asto the power of the study.

Our findings have identified that IDA is associated with
higher incidence and odds of medical complications. In a
prospective study, Dunne et a.*” reported an increased inci-
dence of pneumoniafrom 2.6% to 5.0% with an increasing
degree of anemia. Furthermore, low preoperdtive hematocrit,
low postoperative hematocrit, and increased blood transfu-
sion rates were associated with increased mortality (P<
0.01), increased postoperative pneumonia (P<0.05 or P=
0.05), and increased hospital length of stay (P<0.05)*.
Similarly, in a retrospective cohort study of 7,759 con-
secutive noncardiac surgical patients, Besttie et al.*® found
that preoperative anemia was associated with a nearly 5-
fold increase in the odds of postoperative mortality. After
adjusting for mgjor confounders using logistic regression,
anemiawas still associated with increased mortality (OR
2.36, 95% CI 1.57-3.41). Additiondly, Wu et d. found an
OR of 1.6 (95% CI 1.1-2.2) increase in 30-day postopera-
tive mortaity associated with a decrease in hematocrit vaue.
Further analysis showed an increased 30-day cardiac mor-
bidity linked to ahematocrit level of 39%. Musalam et d.*
went further and categorized the study group depending on
anemia severity. Results show that increased anemia sever-
ity islinked to higher morbidity, as shown by an OR of 1.31
(95% CI 1.26-1.36) in mildly anemic patients and 1.56 (95%
Cl 1.47-1.66) in moderately-to-severely anemic patients®.
Richards et al.? analyzed the impact of preoperative ane-
mia and blood transfusion on postoperative outcomes in
gynecological surgery, which monitored outcomes similar
to the current study. After adjusting for cofounders, Richards
et a.® found that preoperative anemia was independently
and significantly associated with increased odds of 30-day
mortality (OR 2.40, 95% CI 1.06-5.44) and composite mor-
bidity (OR 1.80, 95% Cl 1.45-2.24). The study group had
asignificantly higher odds of dl tested morbidities (respi-
ratory, central nervous system, renal, wound, sepsis, and
venous thrombosis).

IDA increases the incidence and odds of medical compli-
cationsin RTHA patients which can lead to higher cost of
care. Feng et d.* studied hospital costs associated with ane-
miain elective colorectal surgery. In this study, they found
that anemia was associated with an adjusted 14% relative
increase in costs. The total hospitdization cost attributable
to anemiawas 3,027 CAD (95% Cl 2,670-3,388). As such,
minimizing healthcare expenditures within this population
isof critical importance, and can be achieved with adequate
preoperative optimization. Studies have shown that treat-
ment for IDA can be executed ether with ora or intravenous
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supplementation, as both have been shown to restore hemo-
globin concentrations, reduce the incidence of postopera
tive transfusion requirements, and have increased quality
of lifein patients*®. The time period between the primary
diagnosis of the condition and the surgical intervention is
the main determinant on whether patients should receive ordl
or intravenous iron®#, Those patients who have longer than
6 weeks until their surgery can be optimized with oral sup-
plementation with either 40 to 60 mg of eemental iron daily,
or 80 to 100 mg, every other day. Hemoglobin values should
be assessed 4 weeks after initid administration of oral iron.
For those patients who are il anemic, they should be changed
to intravenous iron supplementation®*. Studies have found
intravenous formulation to be safe®®. In a study of 10,390
patients who received intravenous iron treatment, there was
no increased risk of adverse events with arelative risk of
1.04 (95% Cl 0.93-1.17)>.

Some studies in the literature yielded opposite findings
about the relationship between IDA and RTHA outcomes.
Waters et a.® studied the prevalence of iron deficiency in
atotal joint surgery population, where no association was
found between smple iron deficiency and any perioperative
complications. However only ferritin was considered as a
marker for iron deficiency. Furthermore, only one hundred
patients were studied, which puts to question the power of
the study. Similarly, Vuille-Lessard et a.* and So-Osman
et al.® found no association between postoperative anemia
and poor outcome when compared to a patient without blood
loss. These studies examined postoperative anemia, caused
mostly by blood loss from surgery, rather than preoperative
anemia.

CONCLUSION

The current study found IDA to be associated with longer
in-hospital LOS, aswell as higher rates of complications and
costs. Adjusting for baseline covariates, the association of
adverse eventsin IDA patients persisted. Future prospec-
tive studies should evaluate the severity of IDA with lab-
oratory markers for primary and revision tota joint arthro-
plasty procedures. Prior optimization can potentially help
to mitigate many of these adverse events and potentially
reduce the high costs associated with this comorbidity. The
current study can be utilized by healthcare professionals and
orthopaedic surgeons to adequately educate these patients
of the complications which may occur following their revi-
sion procedure.
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