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Abstract. - OBJECTIVE: The purpose of this
review was to collect data from the literature to
assess the impact of preoperative anemia on
complications after total joint arthroplasty (TJA).

MATERIALS AND METHODS: We conducted
a literature search on the websites of PubMed,
Scopus, CENTRAL, Embase, and Google Schol-
ar for comparative TJA studies reporting compli-
cation rates based on the presence of anemia.
The last search was conducted on the 15th of
May 2022. Studies only on hip and knee replace-
ments were eligible for inclusion.

RESULTS: Twelve studies with 1,463,813 pa-
tients published between 2012-2022 were includ-
ed. Meta-analysis indicated that anemic patients
had increased risk of mortality (OR: 2.85 95%
Cl: 1.89, 2.48 1°=83% p<0.00001), wound com-
plications (OR: 2.06 95% CI: 3.51, 2.48 12=99%
p=0.008), cardiac complications (OR: 2.40 95%
Cl: 1.56, 3.68 12=98% p<0.0001), respiratory com-
plications (OR: 2.46 95% CI: 1.10, 5.50 1>=100%
p=0.03), renal complications (OR: 2.84 95% CI:
1.39, 5.80 1?’=99% p=0.004), sepsis (OR: 3.93
95% CI: 1.15, 13.45 12=99% p=0.03), urinary com-
plications (OR: 2.42 95% CI: 1.27, 4.59 1>=100%
p=0.007), and readmission rates (OR: 1.58 95%
Cl: 1.42, 1.76 1>=66% p<0.00001) as compared
to non-anemic patients undergoing TJA. Most
results did not change on sensitivity analysis.
There were some non-significant results on sub-
group analysis based on joint type and defini-
tion of anemia.

CONCLUSIONS: Our review suggests that
preoperative anemia leads to increased morbid-
ity and mortality after TJA. Specifically, anemia
increases the risk of wound, cardiac, respirato-
ry, renal, and urinary complications along with
a higher incidence of sepsis and readmissions.
Results should be interpreted with caution due
to the high heterogeneity in the meta-analyses.
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Introduction

Total joint arthroplasty (TJA) is one of the most
common elective orthopedic surgeries performed
worldwide. While shoulder, elbow, wrist, and
ankle arthroplasties are being performed around
the globe, a major chunk of TJAs still consists
of total hip arthroplasty (THA) and total knee
arthroplasty (TKA). Advances in prosthesis desi-
gns with well-developed perioperative protocols
have catapulted the number of TJAs in the past
decade'. Research from the USA suggests that
the numbers are expected to increase by a further
85% by 20307

For any commonly performed surgical pro-
cedure, there should be efforts directed to mi-
nimize postoperative patient morbidity to redu-
ce healthcare expenditure and improve patient
satisfaction. THA and TJA have been shown to
achieve high functional success rates, however,
one should note that these are major and complex
surgical procedures that carry a significant risk
of postoperative systemic and local complica-
tions’. Research suggests that medical compli-
cations after THA and TJA can result in further
healthcare expenditure of 22,775$ and 24,183%
respectively’. In this context, the importance of
perioperative patient optimization by identifying
and treating modifiable risk factors responsible
for postoperative complications cannot be unde-
restimated”.

Anemia is defined as a hematocrit of <36%
or hemoglobin levels <13 g/dl in men and <12 g/
dl in women®. Data suggest that approximately
1/3 of the world population suffers from anemia
with higher prevalence in low and middle-income
countries’. A systematic review® has found that
around 15-33% of patients undergoing TJA are
anemic. The importance of recognizing anemia
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can be gauged from the fact that several scholars’
have identified anemia as an important risk factor
for postoperative complications after different
surgical procedures. Furthermore, in the recent
past, there has been a spurt of studies reporting
the association between anemia and complica-
tions after TJA!°'2. However, we are unaware of
any systematic review which has aimed to collect
published data and present comprehensive evi-
dence. Thus, we planned and designed this syste-
matic review and meta-analysis to compile data
from studies to assess the impact of preoperative
anemia on postoperative complications after TJA.

Materials and Methods

Search and Eligibility

We first registered the protocol of our review
on PROSPERO (No. CRD42022331454). The
PRISMA guidelines were followed during the re-
porting of our study". Next, we conducted a lite-
rature search on the websites of PubMed, Scopus,
CENTRAL, Embase, and Google Scholar for stu-
dies reporting medical complications in patients
undergoing major TJA with or without preope-
rative anemia. The search was initiated from the
inception of the databases and the last date was
15" May 2022. Two reviewers were independent-
ly involved in the search which was restricted to
English-language publications only. We used the
following search terms, namely, “arthroplasty”,
“joint”, “knee”, “hip”, “replacement”, “anemia”,
and “hemoglobin”. Further details are provided
in the Supplementary Table I. The search resul-
ts were consolidated and deduplicated for initial
screening by article titles and abstracts. Only
studies relevant to the review were extracted and
matched against the eligibility criteria.

The primary eligibility criteria were formatted
based on PECOS guidelines. We included studies
conducted on patients undergoing TKA or THA
(Population) and comparing those with preopera-
tive anemia (Exposure) and without preoperative
anemia (Comparison) and reporting any of the
following outcomes: mortality, wound /cardiac/
respiratory/renal/thromboembolic/sepsis/urinary
complications, or readmissions. All types of com-
parative study designs were eligible for inclusion.
There was no restriction on the definition of ane-
mia for inclusion in the review.

We excluded studies which: (1) were based on
postoperative anemia levels; (2) did not group pa-
tients into anemia and controls; (3) did not report

any of the relevant outcomes; (4) had overlapping
data. If studies were using the same data source,
we included the article with the largest sample size.

In the final stage, the full-text articles were
screened based on the eligibility criteria, and
those fulfilling the same were included. Any
differences in study selection were resolved by
consulting the third reviewer. Lastly, we also
hand-searched the reference list of included stu-
dies and previous reviews to look for any missed
articles.

Data Management

Using an Excel spreadsheet, the following data
were gathered from the studies: details of study
authors, publication year, study location, the data-
base used, study type, joint studied, the definition
of anemia, sample size, mean age, gender details,
body mass index, and outcome data.

We assessed the risk of bias using the Newca-
stle-Ottawa scale (NOS)"* which has three do-
mains, namely, study population, comparability,
and outcomes. Every study was evaluated based
on predetermined questions. The maximum score
achievable is nine.

Statistical Analysis

The review was conducted using “Review Ma-
nager” (RevMan, version 5.3; Nordic Cochrane
Centre [Cochrane Collaboration], Copenhagen,
Denmark; 2014). Complication data were ex-
tracted and pooled using an odds ratio (OR) with
95% confidence intervals (CI). The analysis was
carried out using a random-effects model. We
assessed inter-study heterogeneity using the I
statistic. ’=25-50% meant low, 50-75% meant
medium, and more than 75% meant substantial
heterogeneity. As <10 studies were available for
each meta-analysis, funnel plots were not gene-
rated. A sensitivity analysis was performed to
examine the impact of each study on the overall
results. One study was removed and the pooled
effect estimate was recalculated for the remaining
studies. Sub-group analysis was carried out based
on joint type and definition of anemia. p-value
<0.05 was statistically significant.

Results
The search results found at each level is presen-

ted in Figure 1. There were 3392 unique articles
screened by the reviewers and 38 were selected
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Figure 1. Study flow chart.
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for full-text analysis. Of these, 12 articles fulfil-
led the inclusion criteria and were incorporated in
this review!*12152,

Study details are presented in Table I. Most
of the studies were published in the past two
years. Furthermore, most of the data were from
the USA, with the remaining were published
from Denmark, Brazil, and Canada. Four stu-
dies'®121822 wwere on THA, two'"?* on TKA and
the remaining'""** included a mix of THA
and TKA. Of the last group, only one stu-
dy* reported separate outcomes for THA and
TKA. Two studies'*?' included only patients
undergoing revision arthroplasty. Anemia was
defined based on hematocrit values in three
studies!’?22 six studies'®!3171%23 ysed hemo-
globin levels while the remaining'>'® identified
anemic patients based on ICD codes. Four stu-
dies!®!1:21:22 segregated anemic patients based on
the severity of the condition. However, during
the meta-analysis, these groups were combined
into a single group of anemic patients to main-
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tain homogeneity with the remaining studies.
The sample size varied across the included
studies. The total number of patients in the
12 studies was 1,463,813. The NOS scores are
presented in Table I. All of them except for two
studies!”?*, achieved a score of 8.

Meta-Analysis

Pooled analysis indicated that anemic patien-
ts had increased risk of mortality as compa-
red to controls (OR: 2.85 95% CI: 1.89, 2.48
P=83% p<0.00001) (Figure 2). Similarly, we no-
ted that anemic patients had an increased risk of
wound complications (OR: 2.06 95% CI: 3.51,
2.48 P=99% p=0.008) (Figure 3), cardiac com-
plications (OR: 2.40 95% CI: 1.56, 3.68 I’=98%
p<0.0001) (Figure 4), respiratory complications
(OR: 2.46 95% CI: 1.10, 5.50 ’=100% p=0.03)
(Figure 5), and renal complications (OR: 2.84
95% CI: 1.39, 5.80 ’=99% p=0.004) (Figure 6)
as compared to non-anemic patients undergoing
TJA. However, there was no evidence of higher
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Table I. Details of included studies.

Definition | Definition Mean Male Mean
of anemia | of anemia | Sample age gender BmI NOS
Study Location Database TJA type Groups (men) (women) size (years) (%) (kg/m?) |score
Sicat 20221 USA NYU Hip Mild anemia 11-12.9 11-11.9 34 59.1 147 28+6.5 8
Langone Moderate anemia | 8-10.9 8-10.9 445 66.6 26.3 28.3+6.1
health Severe anemia [ <8 <8 292 67 473 294+ 64
Normal >13 >12 576 64.9 51.2 295+6.5
Neuwirth 2022''|  USA NSQIP Knee Mild 27-36% HCT | 27-36% HCT | 20291 NR 18.6 NR 8
(2006-2016) Severe <27% <27% 549 337
Normal >36% >36% 177393 40.2
Sylla 2021" USA PearlDriver Hip Anemia ICD Codes ICD Codes 15508 NR 45.1 NR 8
(2005-2014) (revision) Normal 77440 45
Sequeira 2021 | USA PearlDriver Hip Anemia ICD Codes ICD Codes 82983 NR 339 8
(2005-2014) Normal 331932 339
Duarte 2021' Brazil Centro de Hipand Knee | Anemia <13 <12 72 74 375 NR 6
Hemoterapia Normal >13 >12 162 68.8 444
Celular em
Medicina
(2018-2020)
Bailey 20217 Canada University of Hip and Knee | Anemia <13 <12 817 70.4 38.1 30.6+6.7 8
Ottawa Normal >13 >12 4524 63.7 46.1 3L1+£7
(2012-2017)
Mathew 20208 USA PearlDriver Knee Anemia ICD Codes ICD Codes 94053 NR 27.8 NR 8
(2005-2014) Normal 470264 27.8
Gu 2020 USA NSQIP Hip (revision) | Mild 33-39% HCT | 33-36% HCT | 2206 67 14.1 299+72 8
(2006-2017) Moderate-severe |<33% <33% 1097 68.7 324 287+6.5
Normal >39% >36% 5629 64.8 60.2 30.5£6.5
Gu 2020*" USA NSQIP Knee Mild 33-39% HCT | 33-36% HCT | 3515 65.7 8.7 33.8+77 8
(2006-2017) (revision) Moderate-severe | < 33% <33% 736 69.3 74.9 32.8+84
Normal >39% >36% 9062 64.5 48.5 33.5+73
Grosso 2020% USA NSQIP Hip Mild 27-36% HCT | 27-36% HCT | 13214 NR 24 NR 8
(2006-2016) Severe <27% <27% 541 383
Normal >36% >36% 116528 473
Viola 2014* USA The Rothman Hipand Knee | Anemia <13 <12 2576 66.1 41 299+69 | 6
Institute at Thomas | (including Normal >13 >12 10987 63.1 44.6 303+6.4
Jefferson University | revision)
Jans 2014% Denmark | NR Hip and Knee | Anemia <13 <12 662 NR 394 NR 8
(2010-2011) Normal >13 >12 4503 43.7
Greenky 2012 | USA Jefferson University | Hip and Knee | Anemia <13 <12 2991 659 379 29.7+8.3 8
Normal >13 >12 12231 63.1 43.8 30.3+10.7

TJA, total joint arthroplasty; BMI, body mass index; NOS, Newcastle Ottawa scale; NR, not reported; NSQIP, National Surgical Quality Improvement. Program database; HCT,
hematocrit; ICD, international classification of diseases. *Same study reporting separate outcomes.
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Anemia Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% ClI Year IV, Random, 95% CI
Neuwirth 2022 70 20840 195 177393 17.2% 3.06 [2.33, 4.03] 2022 -
Duarte 2021 2 72 2 162 3.5% 2.29[0.32, 16.55] 2021 —
Grosso 2020 75 13755 140 116528 17.1% 4.56 [3.44, 6.04] 2020 -
Gu 2020 39 3303 17 5629 13.6% 3.94[2.23, 6.98] 2020 —
Gu 2020* 118 4251 174 9062 17.5% 1.46 [1.15, 1.85] 2020 -
Jans 2014 7 662 15 4503 9.8% 3.20[1.30, 7.87] 2014 —
Viola 2014 5 2576 9 10987 8.0% 2.37[0.79, 7.08] 2014 T
Greenky 2012 18 2991 28 12231 13.4% 2.64 [1.46, 4.78] 2012 b
Total (95% Cl) 48450 336495 100.0% 2.85[1.89, 4.28] <o
Total events 334 580
P, 2 _ . i2 - 12 = I + t J
?etfrfogeneltyl.lT;ac: ;3335 ggl . 4(}3563{) 7 (P < 0.00001); | 83% o1 o 0 100
est for overall effect: Z = 5.03 (P < 0. Favours [Anemia] Favours [control]
Figure 2. Meta-analysis of mortality in patients with and without anemia.
Anemia Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Neuwirth 2022 216 20840 1419 177393 16.8% 1.30[1.12, 1.50] 2022 -
Sylla 2021 974 15508 1185 77440 16.9% 4.31[3.95, 4.70] 2021 =
Grosso 2020 244 13755 1433 116528 16.8% 1.45 [1.26, 1.66] 2020 -
Gu 2020 167 3303 189 5629 16.6% 1.53 [1.24, 1.90] 2020 -
Gu 2020* 118 4251 174 9062  16.5% 1.46 [1.15, 1.85] 2020 -
Viola 2014 116 2576 121 10987 16.4% 4.23[3.27,5.48] 2014 -
Total (95% CI) 60233 397039 100.0% 2.06 [1.21, 3.51] -
Total events 1835 4521
Heterogeneity: Tau? = 0.43; Chi? = 348.78, df = 5 (P < 0.00001); I = 99% I + t i
Test fo? overZII effect: Z = 2.67 (P = 0.008) ( ) 0.01 0.1 10 100
e e - Favours [Anemia] Favours [control]
Figure 3. Meta-analysis of wound complications in patients with and without anemia.
Anemia Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Neuwirth 2022 82 20840 319 177393 11.6% 2.19[1.72, 2.80] 2022 -
Sylla 2021 363 15508 248 77440 11.9% 7.46 [6.34, 8.78] 2021 -
Bailey 2021 17 817 24 4524 9.6% 3.98 [2.13, 7.45] 2021 I
Sequeira 2021 572 82983 1637 331932 12.0% 1.40 [1.27, 1.54] 2021 -
Grosso 2020 77 13755 326 116528 11.6% 2.01[1.56, 2.57] 2020 -
Gu 2020 29 3303 35 5629 10.4% 1.42 [0.86, 2.32] 2020 T
Gu 2020* 29 4251 25 9062 10.1% 2.48 [1.45, 4.24] 2020 —_
Mathew 2020 28 94053 94 470264 10.8% 1.49[0.98, 2.27] 2020 —
Viola 2014 683 2576 1296 10987 12.0% 2.70[2.43,3.00] 2014 -
Total (95% CI) 238086 1203759 100.0% 2.40 [1.56, 3.68] <@
Total events 1880 4004
ity: 2 _ - Chi2 = = S 12 = 98% b b : j
?eterfogeneltyl.lT?: : (Z)fO4 ggl(p 35%301,1)(1f 8 (P < 0.00001); I 98% 001 o1 10 100
est for overall effect: Z = 4. <0 Favours [Anemia] Favours [control]
Figure 4. Meta-analysis of cardiac complications in patients with and without anemia.
Anemia Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Neuwirth 2022 207 20840 692 177393 12.9% 2.56 [2.19, 2.99] 2022 -
Bailey 2021 4 817 21 4524  10.5% 1.05 [0.36, 3.08] 2021 . —
Sequeira 2021 1053 82983 3363 331932 12.9% 1.26 [1.17, 1.35] 2021 .
Sylla 2021 2604 15508 1533 77440 12.9%  9.99[9.36, 10.67] 2021 =
Grosso 2020 188 13755 501 116528 12.9% 3.21[2.71, 3.80] 2020 -
Gu 2020 60 3303 43 5629 12.6% 2.40[1.62, 3.56] 2020 -
Gu 2020* 29 4251 38 9062 12.4% 1.63 [1.00, 2.65] 2020 =
Mathew 2020 150 94053 282 470264 12.9% 2.66 [2.18, 3.25] 2020 -
Total (95% CI) 235510 1192772 100.0% 2.46 [1.10, 5.50] .
Total events 4295 6473
e 2 _ . 2 _ - 2 = k + + J
Heterogeneity: Tau? = 1.30; Chi* = 1850.44, df = 7 (P < 0.00001); I> = 100% 001 o1 10 100

Test for overall effect: Z = 2.20 (P = 0.03)

Favours [Anemia] Favours [control]

Figure 5. Meta-analysis of respiratory complications in patients with and without anemia.
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Anemia Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Neuwirth 2022 85 20840 284 177393 13.4% 2.55[2.00, 3.26] 2022 -
Sequeira 2021 2660 82983 5558 331932 13.6% 1.94 [1.86, 2.04] 2021 .
Sylla 2021 1768 15508 891 77440 13.5% 11.05[10.18, 12.01] 2021 -
Bailey 2021 3 817 8 4524 9.2% 2.08[0.55, 7.86] 2021 —_ T
Grosso 2020 59 13755 140 116528 13.2% 3.58 [2.64, 4.86] 2020 -
Gu 2020 14 3303 18 5629 12.0% 1.33[0.66, 2.67] 2020 -
Gu 2020~ 15 4251 10 9062 11.6% 3.21[1.44, 7.14] 2020 I —
Mathew 2020 292 94053 705 470264 13.5% 2.07 [1.81, 2.38] 2020 -
Total (95% CI) 235510 1192772 100.0% 2.84 [1.39, 5.80] B
Total events 4896 7614
Heterogeneity: Tau? = 0.98; Chi? = 1320.01, df = 7 (P < 0.00001); I = 99% I t t {
Test fo? over;’ll effect: Z = 2.87 (P = 0.004) ( ) 0.01 0.1 : 10 100
Favours [Anemia] Favours [control]

Figure 6. Meta-analysis of renal complications in patients with and without anemia.

risk of thromboembolic complications amongst
anemic patients (OR: 1.45 95% CI: 0.83, 2.56
P=0% p=0.2) (Figure 7). Meta-analysis also in-
dicated increased risk of sepsis (OR: 3.93 95%
CI: 1.15, 13.45 P=99% p=0.03) (Figure 8) and
urinary complications (OR: 2.42 95% CI: 1.27,
4.59 P=100% p=0.007) (Figure 9) amongst ane-
mic patients. Also, the incidence of readmissions
was also significantly higher in anemic patients
as compared to controls (OR: 1.58 95% CI: 1.42,
1.76 F=66% p<0.00001) (Figure 10).

Sensitivity Analysis

Outcome of respiratory complications were
non-significant on exclusion of Neuwirth et al'!
(OR: 2.44 95% CI: 0.97, 6.15 =100% p=0.06).
Sensitivity analysis also indicated an increased
risk of thromboembolic complications in anemic
patients on the exclusion of Sylla et al'? (OR:
1.15 95% CI: 1.01, 1.31 F=69% p=0.04). Also,
on the exclusion of Grosso et al*? we noted no
difference in the risk of sepsis (OR: 4.55 95%
CI: 097, 21.27 P=99% p=0.05) between the

Anemia Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI
Neuwirth 2022 216 20840 1516 177393 14.5% 1.22 [1.05, 1.40] 2022 ki
Sequeira 2021 2415 82983 8215 331392 14.7% 1.18[1.13, 1.23] 2021 L]
Sylla 2021 898 15508 976 77440 14.6% 4.82 [4.39,5.28] 2021 -
Grosso 2020 70 13755 466 116528 14.3% 1.27 [0.99, 1.64] 2020 =
Gu 2020 41 3303 47 5629 13.6% 1.49[0.98, 2.27] 2020 =
Gu 2020* 52 4251 88 9062 13.9% 1.26 [0.89, 1.78] 2020 ™
Mathew 2020 122 94053 752 470264 14.4% 0.81[0.67, 0.98] 2020 -
Total (95% CI) 234693 1187708 100.0% 1.45 [0.83, 2.56] 9
Total events 3814 12060

ity: 2 = : i = = 212 = 999 ; + + J
o7 o o~ 610 <0000 - oo s

eT - Favours [Anemia] Favours [control]
Figure 7. Meta-analysis of thromboembolic complications in patients with and without anemia.
Anemia Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Neuwirth 2022 457 20840 231 177393  25.3% 17.20[14.67, 20.16] 2022 -
Grosso 2020 94 13755 315 116528 25.2% 2.54 [2.01, 3.20] 2020 -
Gu 2020 67 3303 44 5629 24.8% 2.63[1.79, 3.85] 2020 —a
Gu 2020* 36 4251 38 9062 24.6% 2.03[1.28, 3.20] 2020 =
Total (95% CI) 42149 308612 100.0% 3.93 [1.15, 13.45] —l—
Total events 654 628

o 2 _ L rhi2 _ <12 = 9Oy, t : t {
?ete;ogeneltyl.lTafFl = 21552, Egl P—_Zg%.;lz, df = 3 (P < 0.00001); I” = 99% o1 o 0 100

est for overall effect: Z = 2.18 (P = 0.03) Favours [Anemia] Favours [control]

Figure 8. Meta-analysis of sepsis in patients with and without anemia.
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Anemia Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Neuwirth 2022 236 20840 1401 177393 12.6% 1.44[1.25, 1.65] 2022 -
Sequeira 2021 6335 82983 18739 331932 12.7% 1.38 [1.34, 1.42] 2021 .
Sylla 2021 3122 15508 2439 77440 12.7% 7.75[7.33, 8.20] 2021 .
Gu 2020* 47 4251 57 9062 12.1% 1.77 [1.20, 2.60] 2020 -
Mathew 2020 668 94053 2210 470264 12.7% 1.51[1.39, 1.65] 2020 .
Grosso 2020 266 13755 1060 116528 12.6% 2.15[1.88, 2.46] 2020 -
Gu 2020 77 3303 45 5629 12.2% 2.96 [2.05, 4.29] 2020 —
Viola 2014 100 2576 99 10987 12.4% 4.44 [3.35, 5.88] 2014 -
Total (95% CI) 237269 1199235 100.0% 2.42 [1.27,4.59] o
Total events 10851 26050

H . 2 . i2 .12 ! 1 1 Il
Heterogeneity: Tau? = 0.85; Chi* = 2923.31, df = 7 (P < 0.00001); I = 100% o1 01 10 100
Test for overall effect: Z = 2.69 (P = 0.007) Favours [Anemia] Favours [control]

Figure 9. Meta-analysis of urinary complications in patients with and without anemia.

two groups. All the remaining outcomes did not
change on sensitivity analysis.

Sub-Group Analysis

Results of the subgroup analysis are presented
in Table II. The outcomes of mortality, sepsis, and
readmission were unchanged on subgroup analy-
sis. The remaining results were unstable with
non-significant results in one or more subgroups.

Discussion

In the past decade, several researchers have re-
cognized the impact of anemia on surgical outco-
mes and have reported a detailed association
between preoperative anemia and postoperative
complications for a variety of surgical procedu-
res?*26, Abt et al** in a recent study on 1,193 head
and neck cancer patients have reported a signifi-
cantly increased risk of complications and morta-
lity with anemia. Tohme et al® in a retrospective
study of 12,987 patients undergoing hepatectomy

with 32.8% anemic patients noted a significant-
ly higher risk of postoperative morbidity and
mortality amongst those with anemia. A recent
meta-analysis of 22 studies by Padmanabhan et
al?® has shown that anemic patients undergoing
cardiovascular surgery are at an increased risk
of mortality, acute kidney injury, stroke, and
infection as compared to non-anemic patients.
Fowler et al’ in a meta-analysis published in 2016
included 24 studies with varying surgical pro-
cedures to demonstrate that anemia was a cause
of increased mortality, acute kidney injury, and
infections in the surgical population. Thus, there
seems to be a broad consensus in the literature
that anemia is directly associated with poor po-
stoperative outcomes after most surgical proce-
dures. However, it must be recognized that every
surgical procedure has its unique characteristics,
risks, and complication rates. The complexity of
the surgical procedure can have a major role in
the rate of postoperative complications in anemic
patients. TJA of the major joints (TKA and THA)
is one of the most common procedures performed

Anemia Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight 1V, Random, 95% CI Year IV, Random, 95% CI
Neuwirth 2022 1036 20840 5570 177393 24.0% 1.61[1.51, 1.73] 2022 L]
Sicat 2022 62 771 32 576 4.9% 1.49[0.96, 2.31] 2022 ™
Bailey 2021 35 817 111 4524 6.0% 1.78 [1.21, 2.62] 2021 -
Duarte 2021 8 72 17 162 1.4% 1.07 [0.44, 2.60] 2021 —
Grosso 2020 814 13755 3857 116528 23.4% 1.84[1.70, 1.99] 2020 L]
Gu 2020 250 3303 300 5629 15.8% 1.45[1.22, 1.73] 2020 -
Gu 2020* 148 4251 264 9062 13.6% 1.20[0.98, 1.48] 2020 il
Jans 2014 85 662 351 4503 10.9% 1.74 [1.35, 2.24] 2014 -
Total (95% CI) 44471 318377 100.0% 1.58 [1.42, 1.76] ¢
Total events 2438 10502
Heterogeneity: Tau? = 0.01; Chi? = 20.44, df = 7 (P = 0.005); I = 66% I t t J
Test fo? overZII effect: Z = 8.27 (P < 0.00001) ( ) 0.01 0.1 . 10 100
Favours [Anemia] Favours [control]

Figure 10. Meta-analysis of readmission rates in patients with and without anemia.

7426




Preoperative anemia and complications after total joint arthroplasty

Table Il. Subgroup analysis.

Variable Groups Studies Odds ratio 12 (%) p-value
Mortality
Joint Hip only 2 4.43 (3.44, 5.70) 0 <0.001
Knee Only 2 2.11 (1.02, 4.36) 94 0.04
Mixed 4 270 (1.74, 4.19) 0 <0.001
Definition of anemia HCT 3 2.95 (1.66, 5.22) 93 0.0002
Hemoglobin 4 270 (1.74, 4.19) 0 <0.001
Wound complications
Joint Hip only 3 2.13 (0.94, 4.81) 99 0.07
Knee Only 2 1.34 (1.19, 1.52) 0 <0.001
Mixed 1 4.23 (3.27,5.48) - -
Definition of anemia HCT 3 1.41 (1.30, 1.53) 0 <0.001
Hemoglobin 1 4.23 (3.27,5.48) - -
ICD code 1 4.31 (3.95, 4.70) - -
Cardiac complications
Joint Hip only 3 2.81 (0.96, 8.24) 98 0.06
Knee Only 3 2.02 (1.55,2.63) 33 <0.001
Mixed 2 2.89 (2.16, 3.86) 31 <0.001
Definition of anemia HCT 3 2.05 (1.75, 2.39) 0 <0.001
Hemoglobin 1 2.70 (2.43, 3.00) - -
ICD code 3 2.51(0.71, 8.81) 99 0.15
Respiratory complications
Joint Hip only 4 3.14 (0.87, 11.34) 100 0.08
Knee Only 3 2.47 (2.08, 2.95) 42 <0.001
Mixed 1 1.05 (0.36, 3.08) - -
Definition of anemia HCT 3 2.57 (2.07, 3.20) 66 <0.001
Hemoglobin 1 1.05 (0.36, 3.08) - -
ICD code 3 3.22(0.69, 15.07) 100 0.14
Renal complications
Joint Hip only 4 3.24 (1.01, 10.42) 100 0.05
Knee Only 3 2.28 (1.90, 2.73) 34 <0.001
Mixed 1 2.08 (0.55, 7.86) - -
Definition of anemia HCT 3 2.66 (1.89, 3.74) 60 <0.001
Hemoglobin 1 2.08 (0.55, 7.86) - -
ICD code 3 3.55 (1.06, 11.81) 100 0.04
Thromboembolic complications
Joint Hip only 4 1.82 (0.74, 4.49) 100 0.19
Knee Only 3 1.06 (0.79, 1.43) 83 0.68
Definition of anemia HCT 3 1.25 (1.12, 1.40) 0 0.001
ICD code 3 1.67 (0.59, 4.74) 100 0.34
Sepsis*
Joint Hip only 2 6.78 (1.08, 42.71) 99 0.04
Knee Only 2 243 (1.97,2.98) 0 <0.001
Urinary complications
Joint Hip only 4 2.87 (0.96, 8.60) 100 0.06
Knee Only 3 1.50 (1.40, 1.61) 0 <0.001
Mixed 1 4.44 (3.35, 5.88) - -
Definition of anemia HCT 3 1.96 (1.46, 2.64) 87 <0.001
Hemoglobin 1 4.44 (3.35, 5.88) - -
ICD code 3 2.53(0.79, 8.16) 100 0.12
Readmission
Joint Hip only 3 1.64 (1.35, 1.98) 69 <0.001
Knee Only 2 1.42 (1.06, 1.89) 86 0.02
Mixed 3 1.71 (1.39, 2.10) 0 <0.001
Definition of anemia HCT 3 1.55 (1.35, 1.78) 84 <0.001
Hemoglobin 5 1.81 (1.69, 1.95) 0 <0.001

HCT, hematocrit; ICD, international classification of diseases. *No subgroup analysis based on definition of anemia as all studies

used HCT.
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in orthopedics. To the best of our knowledge, our
review is the first meta-analysis presenting how
exactly anemia impacts postoperative complica-
tion rates in patients undergoing TJA.

Our systematic review was able to include
12 recently published studies!'®!!:2223121521 wyith
approximately 1.4 million patients undergoing
THA or TKA thereby providing evidence with
high statistical power. The results demonstrated
that anemic patients undergoing TJA had a 2.8
times increased risk of mortality as compared to
non-anemic patients. These results are consistent
with prior reviews® on other surgical procedures.
Furthermore, the pooled analysis also demonstra-
ted a statistically significant association between
anemia and major systemic and wound compli-
cations. We noted a nearly two-fold increase in
the risk of cardiac, respiratory, renal, urinary,
and wound complications in anemic patients un-
dergoing TJA. The risk of sepsis was increased
by nearly four-fold while there were a 1.5 times
increased risk of hospital readmissions in anemic
patients. Only thromboembolic complications
were not found to be increased in anemic patien-
ts. It should be noted that most of the results did
not change on sensitivity analysis demonstrating
a consistent effect of anemia on the rate of com-
plications. Nonetheless, the outcomes of respira-
tory complications and sepsis turned non-signifi-
cant on the exclusion of one study each. However,
the resultant effect size was still >1 and the lower
end of 95% CI was very close to zero indicating
a higher risk of complications in anemic patients.
We also noted that anemic patients had higher
thromboembolic complications on the exclusion
of one study, but the resultant OR was very small
indicating only a 1.15 times increased risk of
thromboembolic complications.

To maintain homogeneity of data, our review
focused only on THA and TJA since these are the
major and most common joints replaced worldwi-
de. However, evidence indicates anemia leads to
poor outcomes with other joint arthroplasties as
well. Kashanchi et al?”’ have shown that anemia
increases the risk of all complications, cerebro-
vascular accident, readmission, reoperation, and
nonhome discharge in patients undergoing total
shoulder arthroplasty. Pollock et al*® have recent-
ly demonstrated a higher risk of readmission,
reoperation, wound complications, and surgical
site infections in anemic patients undergoing to-
tal ankle arthroplasty. Similar results have been
found for patients undergoing elbow arthroplasty
as well®.
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An important limitation of the review was
the high heterogeneity in most of the meta-a-
nalyses. This was likely owing to the diffe-
rences in the study populations, surgery type,
anemia definition, and methods of the included
studies. An attempt was made to reduce the he-
terogeneity using subgroup analysis. The first
subgroup analysis was based on joint type. It
was noted that the results of wound, cardiac,
respiratory, renal, and urinary complications
turned non-significant for one of the subgroups
(hip only, knee only, or mixed). Nevertheless,
the ORs were still on the higher side and the
lower end of 95% CI was close to zero for most
of these subgroups. Similarly, for the subgroup
analysis based on anemia definition, non-signi-
ficant results were seen for cardiac, respiratory,
renal, and urinary complications in one or the
other subgroups (hemoglobin, hematocrit, or
ICD codes). Important to note is that the sub-
group analysis significantly reduced the num-
ber of studies in each analysis, and this may
have been an important factor for many of the
non-significant results. The limitation of data
also precluded a subgroup analysis based on the
type of arthroplasty (primary and revision) and
severity of anemia.

Since evidence strongly links preoperative
anemia with postoperative complications, the
next logical step is to screen and correct anemia
to reduce the burden of complications. Indeed,
elective orthopedic surgery has been one of the
most appropriate procedures to implement preo-
perative anemia optimization programs?*’. Howe-
ver, anemia screening and correction are still not
universally established with more than 70%
of anemic patients not receiving any treatment
for anemia before surgery®'. Perioperative blood
transfusion has been used to correct anemia in
TJA patients, but it often leads to high morbi-
dity and mortality***. Erythropoietin has also
been utilized to optimize hemoglobin levels, but
its high costs have restricted widespread use*.
Since most of the patients are anemic due to
iron deficiency, several studies have reported the
use of iron supplements to correct preoperative
anemia in TJA patients®. The meta-analysis by
Scrimshire et al*! has shown that iron treatment
can reduce perioperative blood transfusions in
TJA patients, but the overall quality of eviden-
ce is low. Furthermore, it is unclear how these
interventions affect the different complications
reported in our review. Future studies should
explore this to generate higher-quality evidence.
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Limitations

Our study has some limitations. Firstly, de-
spite including a large number of studies with a
high sample size, the review outcomes were not
universally reported by all studies. This hete-
rogeneity amongst studies limited our ability to
assess the impact of anemia severity on the study
outcomes. Secondly, the retrospective and obser-
vation nature of the data is another source of bias
due to unmeasured confounding and selection
bias. Thirdly, complications can be influenced by
several factors including patients’ age, comorbi-
dities, surgical protocols, etc. These factors were
not considered in our analysis. Fourthly, we could
not assess the impact of perioperative transfusion
on the complication rates due to the unavailability
of adequate data from the included studies. Thus,
the independent role of anemia on postoperative
complications could not be established. Lastly,
most of the data were from a single country and
the results may not be generalizable to the global
population.

Conclusions

Our review suggests that preoperative ane-
mia leads to increased morbidity and mortali-
ty after TJA. Specifically, anemia increases the
risk of wound, cardiac, respiratory, renal, and
urinary complications along with a higher inci-
dence of sepsis and readmissions. Results should
be interpreted with caution owing to the high
heterogeneity in the meta-analyses. Our results
demonstrate a need for multicentric large-scale
randomized controlled trials to assess the impact
of anemia-based interventions in reducing com-
plication rates after TJA.
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