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Abstract

Background: Postoperative moderate and severe anemia (PMSA) has been a serious perioperative complication in
primary total knee arthroplasty (TKA). However, the ideal cutoff values to predict PMSA is still undetermined. The aim
of this study was (1) to identify the risk factors associated with PMSA and (2) to establish the cutoff values of preopera-
tive hemoglobin (HB) associated with increased PMSA in primary TKA.

Methods: We identified 474 patients undergoing primary TKA and separated those in which PMSA (HB was less

than 110 g/L on postoperative day 1 and 3) was developed from those without PMSA. Multivariate logistic regression
model was used to identify independent risk factors for PMSA. Area under the receiver-operator curve (AUC) was used
to determine the best-supported preoperative HB cutoff across all the patients.

Results: The PMSA rate in primary TKA was 53.2%. Significant risk factors were lower preoperative HB (OR [odds

ratio] =1.138, 95% Cl [confidence interval] = 1.107-1.170, p < 0.001) and more intraoperative blood loss (OR=1.022,
95% Cl 1.484-4.598, p<0.001).

A preoperative HB cutoff value that maximized the AUC was 138.5 g/L for men (sensitivity: 79.4%, specificity: 75.0%)
and 131.5 g/L for women (sensitivity: 74.7%, specificity: 80.5%), respectively.

Conclusion: We should recognize and consider the related risk factors to establish specific, personalized risk assess-
ment for PMSA, including preoperative HB and intraoperative blood loss. Of these, preoperative HB was a referable
tool to predict PMSA in primary TKA.
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Introduction
Total knee arthroplasty (TKA) is an effective treatment to
correct deformity, relieve pain and improve quality of life
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primary TKA, postoperative moderate and severe anemia
(PMSA) has been still a frequent and troublesome issue
[2, 3]. PMSA was always associated with longer length of
stay (LOS), higher readmission risk and increased risk of
complications and morbidity, such as transfusion, joint
infection, bleeding events, kidney injury and even death
[4-7]. Given the increasing number of TKAs performed
around the world, an important concern for surgeons was
how to minimize the risk of PMSA in primary TKA [8].

To our best knowledge, no previous study has identi-
fied the specific risk factors associated with PMSA for
primary TKA. Considering that preoperative hemoglobin
(HB) was a strong predictor for transfusion after TKA,
one possible predictor for PMSA was preoperative HB
[9, 10]. Currently, the risk factor for PMSA, the sensitive
and specific preoperative HB value for predicting PMSA
following primary TKA have not been determined.
Therefore, we perform a retrospective cohort study to
investigate (1) what are the risk factors associated with
PMSA? (2) If preoperative HB is highly associated with
PMSA, what is appropriate cutoff values of preoperative
HB for PMSA in primary TKA?

Materials and methods

Patients and design

This study was a single-center retrospective cohort study
and approved by the hospital’s Institutional Review
Board. The patients undergoing primary TKA owing to
osteoarthritis and rheumatoid arthritis were included
from October 2015 to August 2018 in our institution. We
excluded the patients with any of the following situations:
cardiovascular problems, history of deep venous throm-
bosis (DVT) or pulmonary embolism (PE) and incom-
plete medical records.

The blood samples were tested preoperatively, on post-
operative (POD) 1 and POD3. Moderate anemia was
defined as a HB level between 80 and 110 g/L and severe
anemia was defined as a HB level <80 g/L for both gen-
ders [11]. Because of small number of severe anemia
(n=5), patients with moderate and severe anemia were
analyzed together. The enrolled patients were divided
into PMSA and non-PMSA groups according to level of
postoperative hemoglobin (HB) on POD1 or POD3.

Surgical technique

All the surgeries were conducted by the same senior
surgeon under general anesthesia. The operations were
performed through a midline skin incision, medial parap-
atellar approach and a measured resection technique. The
prosthesis was cemented posterior-stabilized prosthetic
design with patellar resurfacing. Controlled hypotension
was induced with the blood pressure being maintained
90-110 mmHg/60-70 mmHg during operation. No
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tourniquet, nerve block, intravenous patient-controlled
analgesia or blood salvage system were used.

Perioperative protocol

All the patients received enhanced recovery protocols
[12]. The physical prophylaxis and chemoprophylaxis
were applied to prevent DVT and PE. Physical prophy-
laxis included the exercises of ankle pump and knee
extension, and the application of intermittent pneumatic
compression device early postoperatively. Chemoprophy-
laxis included the application of low-molecular-weight
heparin (2000 IU in 0.2 ml; Clexane, Sanofi-Aventis,
France) or 10 mg Rivaroxaban (Xarelto, Bayer, Germany)
6—-8 h postoperatively, repeating once a day for 14 days.
Doppler ultrasound examinations were used routinely to
detect DVT preoperatively, on POD3 and POD14.

The blood management strategies were implemented
on the basis of our previous studies [13, 14]. The TXA
(20 mg/kg) was administered intravenously 5-10 min
before skin incision, along with 1 g intravenous TXA
(diluted in 100 mL of normal saline solution) at 3, 6, 12
and 24 h postoperatively. Patients received the combina-
tion of 10,000 IU of erythropoietin subcutaneously once
a day for 5 days and 200 mg of intravenous iron sup-
plements once every other day when the perioperative
HB was less than 110 g/L, and only 300 mg of oral iron
supplements every day when the level of Hb was 110-
130 g/L for males and 110-120 g/L for females. Trans-
fusions were applied when the HB value was<70 g/L or
70-100 g/L with symptoms of anemia, such as altered
mental status, palpitations or decreased exercise toler-
ance [15].

Outcome measurements

Demographic characteristics and comorbidities, includ-
ing age, gender, diagnosis, body mass index, incidence
of hypertension, diabetes, coronary heart disease and so
on were collected. Laboratory markers (Hb, hematocrit
(Hct), erythrocyte sedimentation rate, C-reactive protein
and interleukin 6) were tested preoperatively, on POD1
and POD3. In addition, American Society of Anesthesi-
ologists physical status classification, the application of
TXA and drainage, operative time, intraoperative blood
loss, allogenic transfusion units and rate, length of stay
(LOS) after surgery, total expenses and postoperative
complications were carefully recorded. Wound complica-
tion were defined and classified on the basis of previous
study [16].

Statistical analyses

All analyses were performed using SPSS version 22.0
(SPSS Inc., USA) and EmpowerStats (http://www.empow
erstats.com/). Descriptive and univariate analyses were
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initially conducted using SPSS software. Excluding varia-
bles with significant correlation, statistically significant or
close to statistically significant variables were enrolled a
multivariable logistic regression model to examine inde-
pendent risk factor for PMSA in primary TKA. Receiver
operating characteristic (ROC) curve and curve fitting
were performed by EmpowerStats software. Youden’s
index was applied to determine the optimal predictive
cutoffs for preoperative HB. Independent ¢-test was used
for continuous variables and chi-squared test or Fisher’s
exact test for categorical and dichotomous variables. A p
value of <0.05 was considered significant.

Results

Five hundred and twenty-five patients were included
initially. Fifty-one patients were excluded because of
incomplete medical records or inconformity to inclusion
criteria. Eventually, 474 patients were enrolled, including
252 patients with PMSA and 222 patients without PMSA
(Fig. 1). Totally, the prevalence of PMSA was 53.2% for
primary TKA, 12 cases (12/252, 5.2%) developed anemia
on POD1 and 239 cases (239/252, 94.8%) on POD3. In
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addition, only 5 (5/252, 2.0%) cases were severe anemia
which was entirely occurred on POD3 and other were
moderate anemia.

Baseline characteristics of PMSA and non-PMSA
patients are shown in Table 1. The risk factors for PMSA
after univariate analyses were female, lower body mass
index (BMI), diagnosis as rheumatoid arthritis, preop-
erative anemia, lower level of preoperative HB and Hct,
more intraoperative blood loss. Besides, the application
of TXA was a protective factor (p <0.05).

Risk factors independently associated with PMSA after
logistic regression included more intraoperative blood
loss (OR [odds ratio] =1.022, 95% CI [confidence inter-
val]) =1.484-4.598, p <0.001) and lower preoperative Hb
(OR=1.138,95% CI 1.107-1.170, p <0.001) (Table 2).

Preoperative HB was found to be the variable most
highly associated with PMSA for men (AUC, 0.796) and
women (AUC, 0.825), respectively. Moreover, the value
of AUC following bootstrap smooth ROC was 0.781
and 0.808 separately (Fig. 2). The optimal predictive cut-
off of preoperative HB for PMSA was 138.5 g/L (sensi-
tivity: 79.4%, specificity: 75.0%) in male and 131.5 g/L

Patients for primary TKA (n=525)

Exclude (n=51)

Not meeting inclusion criteria (n=10)
Incomplete medical records (n=41)

Included patients (n=474)

HB= 110 g/L

HB <110 g/L

4

Normal group without moderate
and severe anemia (n=222)

\4

Analyzed (n=222)

Fig. 1 Flow diagram of patients shows the study design

A4

Moderate or severe anemia
group (n =252)

A4

Analyzed (n=252)
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Table 1 Baseline of patients with moderate and severe anemia after primary TKA

Baseline characteristic Non-DMSA group, N=222 DMSA group, N=252 p
Demographic characteristics

Age(X+S) 668+78 662+79 0484
Female (N, %) 154 (69.4%) 236 (93.7%) <0.001*
BMICXS, kg/mz) 264+£35 254437 0.003*
Diagnosis (RA/OA) 1/221 12/240 0.004*
Preoperative knee ROM (°) 99.0+17.2 100.04+15.1 0.480
Preoperative HSS 499+£83 489+84 0.275
Comorbidities (N, %)

Hypertension 113 (50.9%) 138 (54.8%) 0401
Diabetes 31 (14.0%) 41 (16.3%) 0485
Coronary heart disease 15 (6.8%) 16 (6.3%) 0.858
Preoperative anemia 6 (6.8%) 46 (18.3%) <0.001*
Preoperative laboratories

HB (g/L) 1402£110 12514102 <0.001*
Hct 420+£3.1 383+3.1 <0.001*
ESR (mm/h) 2134202 2244178 0.116
CRP (mg/L) 350277 3771367 0372
IL-6 (mg/L) 38424 43142 0.126
Operative variables

ASA class (N, %) 0.959
1-2 174 (78.4%) 198 (78.6%)

>3 48 (21.6%) 54 (21.4%)

Drainage use (N, %) 42 (18.9%) 66 (26.2%) 0.060
TXA use (N, %) 217 (97.7%) 226 (89.7%) <0.001%
Operative time (min) 7644121 7774155 0.340
Intraoperative blood loss (mL) 1100£22.8 1309+34.7 <0.001%

BMI, body mass index; RA, rheumatoid arthritis; OA, osteoarthritis; ROM, range of motion; HSS, hospital for special surgery knee score; HB, hemoglobin; Hct,
hematocrit; ESR, erythrocyte sedimentation rate; CRP, C reaction protein; IL-6, interleukin-6; ASA, American Society of Anesthesiologists; TXA, Tranexamic acid

p value calculated using independent t-test, Pearson’s chi-squared test or Fisher’s exact test

" Significant difference

Table 2 Logistic regression models for moderate and severe
anemia after primary TKA

Parameter Odds ratio 95% p
Confidence
interval
Female 1.931 0.928-4.015 0.078
BMI 1.033 0.967-1.104 0.340
Diagnosis, RA 3071 0.353-28456 0.303
Preoperative Hb (g/L) 1.138 1.107-1.170 <0.001*
Drainage use 1.354 0.734-2.499 0333
TXA use 0358 0.085-1.506 0.161
Intraoperative blood loss 1.022 1.010-1.034 <0.001*

BMI, body mass index; RA, rheumatoid arthritis; Hb, hemoglobin; TXA,
Tranexamic acid

p value calculated using multivariate logistic regression

" Significant difference

(sensitivity: 74.7%, specificity: 80.5%) in female sex
(Table 3). As expected, the risk of PMSA in primary TKA
decreased when the preoperative HB increase for men
and women (Fig. 3).

The situations of LOS, expenses and related complica-
tion are summarized in Table 4. The LOS in PMSA group
was longer than that in non-PMSA group (3.92+0.94
vs 3.06£0.92, p=0.002). The similar trend was shown
in hospitalization expenses (59,532.3+£9618.2 vs
57,143.1+9246.5, p=0.031). In addition, the incidence
of complications, including transfusion, DVT, PE, wound
complications and so on did not reach statistical differ-
ence between the two groups (p > 0.05).

Discussion

Anemia was a common complication after orthopedic
surgery, resulting in a series of problems. Generally, mild
anemia could be corrected by oral iron supplements,
reinforced nutrition. By comparison, PMSA was usually
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Fig. 2 The ROC curve for predicting PMSA using preoperative HB for male and female

Table 3 The diagnostic value of preoperative HB for PMSA

Variables Youden's index Preoperative Maximize

Cutoff AUC Sensitivity (%) Specificity (%)
Male 0.544 1385 (g/L) 0.796/0.781 794 75.0
Female 0.552 131.5 (g/L) 0.825/0.808 74.7 80.5

HB, hemoglobin; PMSA, postoperative moderate or severe anemia; AUC, Area under the receiver operating characteristics curve
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Fig. 3 The predictive probability of PMSA by preoperative HB adjusted for sex

Table 4 LOS, expenses and complications

Variables Non-DMSA group, N=222 DMSA group, N=252 p

LOS 3.064+0.92 3924094 0.002*
Hospitalization expenses A 57,143.1+£9246.5 59,53234+9618.2 0.031*
Transfusion 0 2 (0.8%) 0.501
Death 0 0 -

DVT 2 (0.9%) 1(0.4%) 0.602
PE 0 0 -
Nausea and vomiting 17 (7.7%) 29 (11.5%) 0.158
Cardiac infarction 1 (0.5%) 0 0.468
Stroke 0 0 -
Acute renal failure 0 0 -
Wound complications 23(10.4%) 29 (11.5%) 0.690
Readmission 2 (0.9%) 2 (0.8%) 1.000

Wound complications included exudation, bleeding, swelling, infection and impaired wound healing

LOS, length of stay; DVT, deep venous thrombosis; PE, pulmonary embolism

p value calculated using independent t-test, Pearson’s chi-squared test or Fisher’s exact test

A Results were presented as Chinese yuan
* Significant difference

difficult to resolve, needing further treatments, such as
intravenous iron, erythropoietin, even transfusion [17,
18]. Moreover, patients who developed PMSA had higher
risk of developing postoperative complications relative
to patients with mild anemia following joint replacement
[19]. Thus, we selected PMSA as the outcome variable,
evaluating related risk factor and attempting to decrease
the rate.

Current literature is mainly limited to describe the
effect of preoperative anemia on the transfusion, LOS,

complication, functional and quality of life outcomes
in the setting of primary TKA [19-21]. As preoperative
anemia, postoperative anemia is also an independent risk
factor for delayed postoperative rehabilitation, increasing
complications and readmission rates [4, 5, 7]. Our study
showed that preoperative HB and intraoperative blood
loss are significantly associated with increased PMSA.
The ideal preoperative HB cutoff value was 131.5 g/L
for males and 138.5 g/L for females in primary TKA.
Identifying a robust preoperative HB cutoft could offer
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opportunities for doctors to treatment patient’s anemia
and decrease the PMSA risk. Patients whose preoperative
HB was less than the cutoff value could receive interven-
tion early, such as erythropoietin and iron supplemen-
tation, to avoid PMSA and associated complications
[22-27].

Currently, there is a lack of consensus and evidence-
based practice when it comes to the risk factors for
PMSA in patients undergoing TKA. However, the risk
factor for transfusion in TKA was extensively studied.
The researchers concluded that lower level of preopera-
tive HB and increased amount of intraoperative blood
loss were independently associated with transfusion in
TKA [28-30]. Considering the trigger of transfusion and
diagnosis of PMSA was both mainly decided by the level
of postoperative HB, the risk factor for transfusion and
PMSA in primary TKA could be concordant. Our study
confirmed that risk factors for PMSA in primary TKA
were lower preoperative HB and more intraoperative
blood loss.

Previous studies have used other methods in evaluating
the cutoffs of preoperative HB to predict transfusion in
TKA, but the cutoffs to optimal predict PMSA remained
poorly understood. Maempel et al. identified threshold
levels of 13.75 g/dL for males and 12.75 g/dl for females.
The transfusion and complication rate increased signifi-
cantly when preoperative was less than the threshold [9].
Yeh et al. found that preoperative HB cutoff values of
12.4 g/dL for age above 70 and 12.1 g/dL for age below
70 could be used to predict postoperative transfusion risk
in TKA [10]. In another study, the authors showed that
a preoperative HB value of 12.5 g/dL was identified as
the optimal cutoff for predicting postoperative transfu-
sion across all patients with the administration of TXA
[31]. Because the majority PMSA was moderate anemia
in our study and preoperative HB threshold for moderate
anemia (80—109 g/L) was higher than that for transfusion
(<70 or 70-100 g/L) [11, 15], the reasonable hypothesis
was that preoperative HB cutoff value to predict PMSA
should be higher. Our study demonstrated the relation-
ship between preoperative HB and PMSA firstly, finding
that131.5 g/L for males and 138.5 g/L for females were
essential cutoff value in primary TKA in Chinese popula-
tion. We provided an early warning value of preoperative
HB for surgeons and patients.

In this study, we found that PMSA could lead to pro-
longed LOS and more expenses, which was consist-
ent with previous studies. Abdullah et al. indicated
that anemia was associated with prolonged LOS and
increased perioperative transfusion [21]. Another study
conducted by Kunz and his colleagues came to a simi-
lar conclusion [7]. In addition, substantial researches
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demonstrated that perioperative anemia could contrib-
ute to higher incidence of complication [5-7]. But the
incidence of complications between PMSA and non-
PMSA patients was comparable in our study. Probable
seasons were as follow: firstly, the follow-up period was
only 30 days, which was too short to monitor complete
complications; secondly, the application of enhanced
recovery protocols reduced the complication risk,
decreasing the significance between the two groups
[12]. Moreover, no patients needed blood transfusion
in our study, indicating enhanced recovery protocols,
particularly blood management strategies, played an
important and beneficial role [3].

There are some limitations in this study. The amount
of male cases is too small, only 84 patients (68 in non-
PMSA and 26 in PMSA group), reducing the accuracy
to identify the risk factors and predict preoperative
HB cutoff value for PMSA. In addition, because most
patients are discharged from hospital on POD3 and the
blood samples are tested on POD1 and 3, we select the
HB on POD1 and 3 as the diagnostic node for PMSA.
It was reported that postoperative HB may continue to
decline [32]. Thus, the incidence of PMSA is not accu-
rate and we fail to monitor the comprehensive preva-
lence of anemia after primary TKA. Moreover, the
follow-up time is only 30 days, leading to inability to
evaluate the complications entirely, especially long-
term complications, such as deep infection and
impaired wound healing. At last, the limitation lies in
its retrospective nature and the level of evidence is low.
Further studies are requisite. We will conduct a rand-
omized controlled study with longer follow-up time
to investigate the relationship of preoperative HB and
PMSA following joint arthroplasty in the near future.

Conclusion

In summary, lower preoperative HB and more intra-
operative blood loss are independent risk factors for
PMSA. Preoperative HB is a referable tool to predict
PMSA. We provide an early warning value of preopera-
tive HB for surgeons and patients undergoing primary
TKA.
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