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requirements are not increased

Anna Jungwirth-Weinberger' . llya Bendich' - Geoffrey H. Westrich' - Edwin P. Su’ -
Alejandro Gonzalez Della Valle' - Friedrich Boettner'

Received: 16 April 2021 / Accepted: 18 July 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Introduction A history of COVID-19 (Coronavirus Disease 2019), caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) may have an impact on hemoglobin and ferritin levels predisposing patients to increased blood transfusion
requirements following total joint arthroplasty (TJA). The current study compares ferritin levels, hemoglobin levels, and
transfusion rates between SARS-CoV-2 IgG positive and SARS-CoV-2 IgG negative TJA patients.

Materials and methods Preoperative ferritin levels, pre- and postoperative hemoglobin levels, postoperative change in
hemoglobin, and transfusion rates of 385 consecutive SARS-CoV-2 IgG positive patients undergoing TJA were compared
to those of 5156 consecutive SARS-CoV-2 IgG negative patients undergoing TJA.

Results Preoperative hemoglobin levels were significantly lower in SARS-CoV-2 IgG positive patients [13.3 g/dL (range
8.9-17.7 g/dL)] compared to 13.5 g/dl (7.3—18.3 g/dL; p value 0.03). Ferritin levels were significantly lower in SARS-CoV-2
IgG positive patients (mean of 106.1 ng/ml (2.1-871.3.3 ng/ml) vs. 123.7 ng/ml (1.4-1985 ng/ml) (p value 0.02)). Hemo-
globin on postoperative day (POD) one, after four—six weeks, and transfusion rates did not differ between the two groups.
Conclusion Although preoperative hemoglobin and ferritin levels are lower in SARS-CoV2 IgG positive patients, there was
no difference in hemoglobin on POD one, recovery of hemoglobin levels at four—six weeks postoperatively, and transfusion
rates after surgery. Routine ferritin testing prior to TJA is not recommended in SARS-CoV-2 IgG positive patients.
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Introduction

The novel Coronavirus (SARS-CoV-2) pandemic has placed
an immense strain on health care systems across the world.
With the return of elective surgery, such as TJA, surgeons
are now treating an increasing number of patients who have
recovered from COVID-19 (Coronavirus Disease 2019). It
is important to understand how these patients compare to
those unaffected by COVID-19 with regards to preoperative
optimization and postoperative recovery.
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Under normal circumstances, serum ferritin levels are a
sensitive marker for iron status. Low blood levels of fer-
ritin may be present in cases of iron deficiency anemia
[10]. However, ferritin is also an acute-phase reactant that
becomes elevated in response to acute inflammation [5],
as proinflammatory cytokines trigger an increase in hepci-
din, which in turn restricts uptake of dietary iron and pro-
motes sequestration of iron by ferritin within storage sites
[12]. Patients with inflammatory conditions may thus have
restricted availability of iron for erythropoiesis and other
cell functions due to increased hepcidin expression, despite
normal or high levels of serum ferritin [2].

Ferritin has been shown to be elevated during the acute
phase of SARS (Severe Acute Respiratory Syndrome),
MERS (Middle East Respiratory Syndrome), COVID-19,
infectious as well as non-infectious diseases [8]. Elevated
Ferritin blood levels during the acute phase of COVID-
19 represent a poor prognostic marker [15, 16, 18] and an
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independent risk factor for the development of Acute Res-
piratory Distress Syndrome (ARDS) [4]. Higher levels of
ferritin also correlate with more severe COVID-19 cases [9].

Hemoglobin levels in patients infected with SARS-CoV-2
are lower [14] than that of the general population. Among
COVID-19 patients requiring intensive care unit (ICU) level
care, hemoglobin levels are significantly lower than those
not requiring ICU level care [1].

Iron deficiency is the most common cause for anemia in
patients undergoing total joint arthroplasty (TJA) [7]. Pre-
operative anemia is associated with increased postoperative
transfusion requirements [3]. Oral iron therapy increased
hemoglobin and serum ferritin levels in a cohort of 3,435
TJAs and reduced utilization of other blood-conserving
therapies before total hip arthroplasty (THA) and total knee
arthroplasty (TKA) [11].

The current study aims to compare preoperative hemo-
globin and ferritin levels, intraoperative blood loss, transfu-
sion rates, and postoperative recovery of hemoglobin levels
in SARS-CoV-2 IgG positive patients and negative patients
undergoing elective TJA.

Materials and methods

The study was approved by the local ethics review board and
Institutional Review Board (IRB).

Hemoglobin and ferritin levels were collected in a con-
secutive series of patients undergoing TJA between May
2020 and January 2021 at the author’s institution.

Patients undergoing elective primary TJA including THA
and TKA were included in the current study. Patients with
missing preoperative hemoglobin levels, revision surgeries,
and simultaneous bilateral surgeries were excluded.

The inclusion criteria were met by 5,156 SARS-CoV-2
IgG negative and 385 SARS-CoV-2 IgG positive patients.
The polymerase chain reaction (PCR) test for active SARS-
CoV-2 infection was negative in all patients at the time of
surgery. SARS-CoV-2 IgG positive patients, who recovered
from COVID-19 and subsequently tested negative on PCR
test prior to surgery underwent TJA.

Hemoglobin and ferritin levels were drawn during presur-
gical screening one to 21 days prior to surgery.

Postoperative hemoglobin values and the number of
patients needing a blood transfusion were evaluated. In

addition, 368 patients (255 SARS-CoV-2 IgG negative and
113 SARS-CoV-2 IgG positive) had follow-up hemoglobin
four—six weeks after surgery.

Hemoglobin levels were determined preoperatively
in 5,156 SARS-CoV-2 IgG negative and 385 SARS-
CoV-2 IgG positive patients. Normal Hemoglobin ranges
were categorized as follows: 13.3—-17.2 g/dL in men and
12.0-15.0 g/dL in women, as per the institution’s normal
range. We recorded hemoglobin levels determined preop-
eratively, on POD one and four to six weeks postopera-
tively. We calculated hemoglobin drop subtracting hemo-
globin on POD one from preoperative, and hemoglobin
increase by subtracting hemoglobin on POD one from
hemoglobin after four—six weeks.

Transfusion policy at our institution is to transfuse for
hemoglobin levels below 8 g/dl in patients with clinical
symptoms of anemia (tachycardia, hypotension) that did
not response to a fluid bolus.

Ferritin levels were collected preoperatively in 2158
SARS-CoV-2 IgG negative and 264 SARS-CoV-2 IgG
positive patients. Normal ferritin values in men range
between 22 and 275 ng/ml and in women between 5 and
204 ng/ml, as per the institution’s normal range.

Tranexamic acid was routinely used in all patients,
either topical (3 g), intravenous (1 g) or two intravenous
doses (1 g).

The SARS-CoV-2 IgG positive group consisted of 210
female and 175 male patients, the SARS-CoV-2 IgG nega-
tive group of 3,074 female and 2082 male patients. Demo-
graphic information is presented in Table 1.

191 SARS-CoV-2 IgG positive patients underwent a
THA and 194 patients a TKA. The SARS-CoV-2 IgG
negative group consisted of 2800 THAs and 2356 TKAs.

Analyses were conducted using SAS software version
9.4 (SAS Institute Inc., Carey, NC). Mean with range, as
well as 95% confidence interval, or median with interquar-
tile range were presented accordingly. Continuous varia-
bles were evaluated using Wilcoxon signed-rank test. Cat-
egorical variables were analyzed using chi-squared tests,
or where appropriate Fisher’s exact test. p values <0.05
were considered significantly different.

Table 1 Demographic

. . SARS-CoV-2 IgG positive SARS-CoV-2 IgG negative p value

information of the two study

groups n 385 5156
Age (years) 63.7 (16-92) 65.5 (15-96) 0.001
Male/female 175/210 2082/3074 0.05
BMI (kg/m?) 31.1 (16.8-52.3) 29.6 (14.6-58.6) <0.0001
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Results

The average ferritin was 106.1 ng/ml (2.1-871.3 ng/ml)
in SARS-CoV-2 IgG positive TJA patients compared to
123.7 ng/ml (1.4-1985 ng/ml) in SARS-CoV-2 IgG nega-
tive TJA patients (Fig. 1) (p =0.02).

In the SARS-CoV-2 IgG negative group, 253 patients
(4.9%) had abnormal ferritin levels. Among this group,
221 patients (87.4%; 116 male/105 female; mean age
66 years; mean BMI 30.4 kg/m?) had elevated ferritin lev-
els and 32 patients (12.6%; 26 male/6 female; mean age
66 years; mean BMI 30.5 kg/m?) had decreased ferritin
levels.

In the SARS-CoV-2 IgG positive group, 28 patients
(7.3%) had abnormal ferritin levels. Among this group, 18
patients (64.3%; 11 male/7 female; average age 62 years,
average BMI 29.1 kg/m?) had elevated ferritin levels and
10 patients (35.7%; 8 male/2 female; average age 63 years;
average BMI 31.9 kg/m?) decreased levels. Significantly
more patients in the SARS-CoV-2 IgG positive group had
abnormal ferritin levels than in the SARS-CoV-2 IgG
negative group (p <0.04).

The mean preoperative hemoglobin levels were 13.0 g/
dL (range 7.9-16.8 g/dL) in SARS-CoV-2 IgG positive
patients and 13.5 g/dL (7.3-18.3 g/dL) in SARS-CoV-IgG
negative patients. Preoperative hemoglobin values were
significantly lower in the SARS-CoV-2 IgG positive group
(p=0.03).

The mean hemoglobin level on POD one in the SARS-
CoV-2 IgG positive group was 11.4 g/dL (7.5-15.6 g/
dL) compared to 11.5 g/dL (4.1-16.6 g/dL) in the SARS-
CoV-2 IgG negative group (Fig. 2). Hemoglobin levels
on POD one did not differ significantly between the two
groups (p =0.6), and the decrease in hemoglobin from

Fig. 1 Preoperative Ferritin lev-
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pre- to postoperative was also not significantly differ-
ent (p <0.8) with a decrease of — 1.9 g/dL (—4.8-2.0 g/
dL) in the SARS-CoV-2 IgG positive group and — 1.9/dL
(—4.8-2.0 g/dL) in the SARS-CoV-2 IgG negative group,
respectively.

Hemoglobin levels after four—six weeks increased
to 12.3 g/dl (8.9-15.2 g/dl) in SARS-CoV-2 IgG positive
patients and to 12.1 g/dl (6.7-6.2 g/dl) in SARS-CoV-2 IgG
negative patients (p =0.3). The hemoglobin increase from
POD one to four—six weeks postoperatively was not signifi-
cantly different between the two groups [0.7 g/dL (—2.4-3.3/
dL) versus 0.6 g/dL (—4.1-3.9 g/dL) (p=0.2)].

Seven patients (1.8%) in the SARS-CoV-2 IgG positive
group and 111 patients (2.2%) in the SARS-CoV-2 IgG neg-
ative group required blood transfusions (p=0.7).

None of the patients with abnormal ferritin levels in the
SARS-CoV-2 IgG positive group required a blood transfu-
sion; and 6/221 SARS-CoV-2 IgG (2.7%) negative patients
with elevated ferritin levels and 3/32 (9.4%) patients with
decreased ferritin levels required a blood transfusion

(»=0.3).

Discussion

In this study, we found that preoperative Hemoglobin lev-
els and ferritin levels were lower in TJA patients who had
a history of a COVID-19 infection (SARS-CoV-2 IgG posi-
tive) compared to those without evidence of the infection
(SARS-CoV-2 IgG negative). However, this did not have an
impact on the overall drop in hemoglobin levels and transfu-
sion requirements after elective TJA. In addition, although
ferritin levels were significantly different between the two
groups, there was no evidence that SARS-CoV-2 IgG
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Fig.2 Hemoglobin levels
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positive patients recovered hemoglobin levels more slowly
within the first four—six weeks after surgery.

The prevalence of iron deficiency in a TJA surgery popu-
lation was 6% in a study by Waters et al. [17], but increased
to 37.5% in patients with anemia. Preoperative anemia is
strongly associated with increased transfusion requirement
[3]. The blood transfusion rate in the current study is 2.2%
among SARS-CoV-2 IgG negative TJA patients and 1.8%
among SARS-CoV-2 IgG positive TJA patients. This rate
is lower than what is reported in the literature for non-
COVID-19 infected patients. The use of TXA has dramati-
cally decreased the blood loss and postoperative blood trans-
fusion rate after TJA. Huang et al. reported a postoperative
blood transfusion rate of 18.9% in a large dataset of patients
undergoing THA and TKA; the use of TXA decreased the
risk of perioperative allogenic blood transfusion [6]. A dif-
ferent study found that 1,534 patients undergoing TJA had a
transfusion rate of 17.9% (7.9% intraoperatively, and 11.3%
postoperatively, respectively) without the use of TXA [13].

The finding in our study suggests that patients with a his-
tory of COVID-19 are not at increased risk of requiring a
blood transfusion, and that standard institutional protocols
for hemostasis and blood management are appropriate for
SARS-CoV-2 IgG positive patients undergoing elective TJA.

Another key finding of this study is that while preop-
erative ferritin levels differed between for SARS-CoV-2
IgG positive and negative TJA patients, this did not influ-
ence transfusion rates or recovery of hemoglobin at four
to six weeks postoperatively. Hemoglobin levels between
SARS-CoV-2 IgG positive and negative TJA patients at
four—six weeks postoperatively were similar. This find-
ing indicates that there is no added benefit of routinely
checking ferritin levels among patients with a history of
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COVID-19 infection, who are no longer actively infected
and scheduled to undergo elective surgery such as TJA.

There are several limitations to this study. (1) The fol-
low-up period is relatively short, although we believe the
levels checked are most relevant to the short-term postop-
erative period; (2) the SARS-CoV-2 IgG positive group
consisted of only 385 patients and these patients were not
matched to the larger SARS-CoV-2 IgG negative group;
(3) the severity of the initial COVID-19 infection was
not evaluated for the SARS-CoV-2 IgG positive patients
and (4) patients with prolonged course and more severe
symptoms might present with more significant anemia and
lower ferritin levels. (5) The current study focuses on an
early period following the initial outbreak of COVID-19
in New York, suggesting a less than 6 months interval
between COVID-19 infection and TJA surgery. However,
data on the time interval between surgery and COVID-19
infection were not available and its impact on ferritin or
hemoglobin levels remains unclear.

Conclusion

Although both preoperative hemoglobin and ferritin levels
preoperatively were lower in SARS-CoV-2 arthroplasty
patients, there was no difference in postoperative hemo-
globin levels, blood transfusion rates, and recovery of hemo-
globin levels at four—six weeks after surgery. Based upon
this study, we do not recommend routine ferritin testing in
SARS-CoV-2 IgG positive patients prior to TJA surgery.
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