Original Article

Genij Ortopedii. 2021. Vol. 27,n0. 5. P. 514-520.
Original article
DOl 10.18019/1028-4427-2021-27-5-514-520

Hematological parameters of rheumatoid arthritis patients undergoing total hip replacement
A.S. Ershov'?, I.P. Antropova'*, E.A. Volokitina', L.P. Evstigneeva'?

tUral State Medical University, Ekaterinburg, Russian Federation
Sverdlovsk Regional Clinical Hospital No. 1, Ekaterinburg, Russian Federation
*Institute of High Temperature Electrochemistry of the Ural Branch of the Russian Academy of Science, Ekaterinburg, Russian Federation

Corresponding author: Irina P. Antropova, aip.hemolab@mail.ru

Abstract

Background Patients with rheumatoid arthritis (RA) and baseline anemia may have an increased risk of complications after
total hip replacement (THR). Inflammation in RA is the main factor manifesting anaemia, neutropenia, thrombocytosis and
eosinophilia. The changes in blood components are important for the outcomes of major orthopaedic surgery. The purpose was
to identify hematological parameters in RA patients undergoing THR and assess the effect on intraoperative blood loss.
Material and methods Outcomes of 44 THR patients treated for grade III degenerative coxarthrosis (n = 21, OA group) and RA
coxarthrosis (n = 23, RA group) in Ekaterinburg regional hospital N° 1 between 2018 and 2019 were reviewed. The patients' age ranged
from 41 to 70 years. Clinical, radiological, laboratory examinations, computed tomography and statistical analysis were used for the
study. Cell counting was produced with the Sysmex XT-4000i automated hematology system. Statistical analysis was performed
using the tools of Statistica software. Non-parametric Mann-Whitney test was used to compare cell counts between the groups. The
Spearman Rank correlation was used to analyse the correlation between the the cell counts in the groups. For calculations, a significance
level of p < 0.05 was adopted. Results There were no significant differences in the preoperative white blood cell (WBC), neutrophil,
lymphocyte, monocyte, eosinophil counts between RA and OA groups. The RA group showed an evident decrease in red blood cell
(RBC) count and haemoglobin level as compared to OA group. The RA group demonstrated the higher platelet count with mean platelet
volume (MPV) being significantly lower than that in the OA group. WBC count, neutrophils, in particular, was shown to increase with
lymphocyte, RBC, platelet count and hemoglobin, plateletcrit levels decreased at 24 hours postoperatively. There were no significant
differences in WBC and RBC counts in the groups postoperatively. The differences in the MPV were leveled up in the groups with
the platelet count being higher in the RA group as compared to the OA group. Conclusions Hematological parameters of RA patients
who had undergone specific preoperative preparation were not shown to be associated with greater blood loss during hip replacement
surgery. The leukocyte count leveled up in the preoperative and early postoperative periods can be indicative of the absence of a
significant effect of RA on the postoperative inflammation.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic autoimmune
disease  characterized by synovial inflammation,
progressive destruction of joints and extra-articular
manifestations including blood system changes. RA people
with severely impaired joints may elect to have total joint
replacement surgery to improve the musculoskeletal
function of the affected joint and significantly reduce
joint pain [1]. Implantation of an artificial hip or knee
joint is a rather traumatic surgical intervention that can be
accompanied by deep inflammation and often complicated
by significant blood loss and /or thrombosis [2, 3]. Prior
research suggests that RA persons undergoing total joint
arthroplasty are at increased risk of complications including
baseline anemia, low hemoglobin levels that may require
a perioperative blood transfusion [4-6]. Clinical results of

total arthroplasty of major joints are reported to be worse in
RA patients than those of a similar surgery in OA [5, 7, 8].
There is evidence that a risk of complications is not greater
in RA patients who have undergone total arthroplasty of
a major joint than that for OA patients [9, 10]. In a high-
volume center, with high RA-specific experience, RA does
not increase postoperative adverse events compared to
OApatients [11]. The inflammation in RA is the main
factor manifesting anemia, neutropenia, thrombocytosis
and eosinophilia [12, 13]. It is evident that the blood
system changes observed in RA patients are important for
the outcomes of major orthopedic interventions.

The purpose was to identify hematological
parameters in RA patients undergoing THR and assess
the effect on intraoperative blood loss.

MATERIAL AND METHODS

Outcomes of 44 patients treated for grade III
degenerative coxarthrosis (n = 21, OA group) and
RA coxarthrosis (n = 23, RA group) with primary
THR in Ekaterinburg regional hospital Ne 1 between
2018 and 2019 were reviewed. There were 23 female
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(75 %) and 11 male (25 %) patients. The majority
(67.4 %) were patients of working age but many of
them were unemployed due to severe pain at the time
of admission. All patients underwent comprehensive
clinical examinations before the operation to confirm
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the diagnosis and determine severity of the disease. The
inclusion criteria were definitive diagnosis of metabolic-
dystrophic coxarthrosis, confirmed by clinical and
radiological findings, and RA associated coxarthrosis in
accordance with the 2010 ACR/EULAR (the European
League Against Rheumatism) Classification Criteria for
RA, patients aged 41 to 70 years, the patient's consent
to participate in the study. The exclusion criteria were
patients younger than 41 and older than 70 years,
severe co-morbidities at the stage of exacerbation or
decompensation that could affect the results of the study.

The main group included 23 RA patients (RA group),
the control group consisted of 21 patients with metabolic-
dystrophic coxarthrosis (OA group). There were 2 RA and
8 OA male patients (p = 0.247). The mean age of patients
was 57.2+84years (mean + SD) in RA group and
573+ 7.2 years in OA group (mean+ SD) (p=0.762).
Concomitant somatic pathology was encountered
in 39 cases (88.6 %). Most patients suffered from
hypertension (52.7 %), type 11 diabetes mellitus (6.5 %),
gastritis (13.4 %). Overweight was observed in 73.9 % of
cases, grades I-II obesity detected in 18 (39.1 %) patients.
At the time of recruitment, 68.75 % of RA patients received
basic anti-inflammatory therapy with methotrexate
(43.75 %), sulfasalazine (25 %) and leflunomide (6.25 %)
administered. Glucocorticoids prescribed for 81.25 % of
patients included prednisone 5 to 15 mg per day (62.5 %),
methylprednisolone 4 to 48 mg per day (18.75 %).

An enhanced system of preoperative patient
preparation to reduce surgical stress (Fast track surgery),
combined with the enhanced recovery after surgery
(ERAS) postoperative pathway active postoperative
rehabilitation has been employed at the hospital since
2018 and allowed the most effective surgical treatment
of trauma and orthopaedic patients with minimal risk of
complications.

Prior to THR RA patients were admitted to the
specialized rheumatology department of the Ekaterinburg
regional hospital Ne 1 for 2 weeks to undergo
comprehensive examinations and conservative treatment
to improve RA and anemia. All patients were operated by
one surgical team and primary total hip arthroplasty was
performed using the standard DePuy cemented (n = 24)
and cementless (20) systems and the anterolateral

approach as modified by Muller modification with
the patient positioned in the lateral decubitus. Patients
received Fragmin 2500 IU 12 hours before the operation,
Cefazolin 2g 30 minutes preoperatively.

Thelengthoftheprocedure fromanesthesiaintroduced
to aseptic dressings applied was 80.4 &+ 21.1 minutes in
the RA group and 83.1 + 23.3 minutes in the OA group.
The introduction of crystalloids was performed
intraoperatively in all patients according to the standard
protocol. Blood loss was measured by the volume
of aspirate in the Armed 7E-A operational suction
(Russia). Hemostasis cloths and wound drying were
not used intraoperatively in both groups. Postoperative
wounds were sutured without drains. Blood loss was
also assessed by a decreased red blood cells (RBC)
count and hemoglobin on the first postoperative day.
No blood transfusions were performed perioperatively
in the cases. There were no complications of surgical
treatment in both study groups. The use of the principles
of "fast track" surgery, as well as ERAS, including the
selection of anesthesia methods, minimally invasive
methods of surgical treatment, optimal pain control
and active postoperative recovery, reduced reactions
to stress and organ dysfunction, significantly reducing
the time required for full recovery. The duration of
inpatient treatment was 10 + 2 days. The study groups
were comparable in gender, age, stage of the disease,
concomitant disorders, perioperative management, type
of surgical intervention, surgical technique, method of
implant fixation and type of implantation system used.

Cell counting was produced with the Sysmex
XT-40001 automated hematology system. Blood samples
were collected in test tubes with K2ZEDTA (dipotassium
ethylenediaminetetraacetic acid) as an anticoagulant and
analyzed within one hour after venepuncture to rule out
platelet swelling [14]. Statistical analysis was performed
using the tools of Statistica software. Non-parametric
Mann-Whitney test was used to compare cell counts
between the groups. The Spearman Rank correlation
was used to analyze the correlation between the cell
counts in the groups. For calculations, a significance
level of p < 0.05 was adopted. Compliance with ethical
principles: patients signed a voluntary informed consent
to publish the findings without identification.

RESULTS

Hematologicalparametersmeasuredpreoperatively
and on the first day after surgery are presented
in Table 1. No significant differences in the total
leukocyte count, neutrophil, lymphocyte, monocyte,
eosinophil counts were found preoperatively between
RA and OA groups. The RA group showed decreased
RBC counts and a significant decrease in hemoglobin
levels as compared to the OA group. There were
significant differences in platelet counts between
the groups with significantly higher levels in the

RA group with significantly lower MPV than that in
the OA group.

A day after THR most parameters changed in both
groups with increase in the total leukocyte count,

neutrophils, in particular, decreased lymphocyte,
erythrocyte, platelet counts, hemoglobin and
thrombocrit levels. There were no significant

differences in RBC and white blood cell (WBC) counts
after the operation between the groups. The differences
in the MPV between the groups were leveled out with
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a higher level of platelets persisted in the RA group
as compared to that in the OA group. Measurements
of blood loss during THR procedure showed no
statistically significant differences between the groups
with lower level of blood loss in the RA group as
compared to the OA patients: 210 [200; 270] and 230
[210; 290] mL (Fig. 1a).

The drop in erythrocyte count was significantly less in
the RA group as compared to that in the OA group: 0.73
[0.52; 1.02] and 1.01 [0.83; 1.41] x 106/ul, respectively
(p =0.038) (Fig. 1b). The drop in hemoglobin level was
also less in the RA group compared to the OA group:
23.0[12.0; 31.0] and 29.0 [23.0; 36.0] g/L, respectively
(p =0.068) (Fig. 1c).

Table 1
Hematological parameters in RA and OA patients prior to THR and a day after surgery
Preoperatively A day after surgery
Parameter
RA OA p RA OA p
Leucocytes (x 10*/mcL) | 7.60[5.92; 9.30] 6.60 [5.50; 8.50] |0.354|10.20[9.20; 11.20] | 8.54 [7.50; 10.51] | 0.159
Neutrophils (x 10>/mcL) | 4.40[3.10;6.36] | 3.98[3.22;4.50] |0.316| 7.47[6.89;8.80] | 6.37[5.25;7.91] | 0.212
Lymphocytes (x 10%/mcL) | 2.07 [1.69; 2.94] 1.93[1.52;2.49] |0.430| 1.35[1.13;1.56] | 1.26[1.00;1.49] | 0.475
Monocytes (x 10%/mcL) | 0.54[0.43;0.75] | 0.51[0.40;0.66] | 0.381| 0.94[0.74;1.05] | 1.02[0.71;1.16] | 0.263
Eosinophils (x 10¥mcL) | 0.08 [0.00; 0.16] | 0.06[0.00;0.10] | 0.790| 0.04[0.01;0.11] | 0.03[0.01;0.09] | 0.405
Basophils (x 10¥mcL) | 0.03 [0.00; 0.05] | 0.01[0.00;0.02] |0.233] 0.02[0.01;0.04] | 0.01[0.01;0.03] | 0.147
Erythrocytes (x 10¢/mcL) | 4.37[4.10;4.68] | 4.75[4.30;4.98] | 0.086| 3.65[3.23;4.01] | 3.71[3.27,4.03] | 0.839
Hemoglobin (g/L) 133.0[119.0; 136.0] | 140.0 [124.0; 146.0] | 0.031 | 107.0[103.0; 113.0] {107.0 [102.0; 116.0]| 0.228
Platelets (x 10%mcL) | 257.0 [233.0; 306.0] | 219.0 [178.0; 262.0] | 0.026 | 213.0 [174.0; 267.0] |170.0 [146.0; 225.0] 0.025
MPV (fL) 8.7 [8.3;10.0] 9.919.1; 10.8] 0.043 9.8[8.6; 10.6] 10.1 [9.5; 10.5] 0.17

Note: RA —rheumatoid arthritis; OA — osteoarthritis; MPV, mean platelet volume; p — statistical significance of differences between RA
and OA groups. The results are presented as the median [interquartile interval].
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Fig. 1 Blood loss (a), decreased erythrocyte (b) and hemoglobin (c) levels in patients with osteoarthritis (OA) and rheumatoid arthritis (RA)
during THR. The results are presented as the median [interquartile interval]

DISCUSSION

Anemiaisreported in 33—60 % of RA patients [15, 16]
and correlated with the intensity of the condition [17, 18].
There is a relationship between anemia and disability in
RA patients revealed [19]. Anemia at chronic conditions
and iron deficiency anemia are most common [20-22].
The mechanisms of anemia are not completely clear but
inflammatory cytokines IL6 and TNF-a are known to
affect the regulation of iron metabolism by stimulating
the production of the hepcidin hormone that causes
degradation of the transmembrane protein ferroportin
[20]. In addition to that, erythropoiesis, proliferation
of erythroid precursors, erythropoietin production and
erythrocyte lifespan appear to be impaired [15, 23].
Our series showed that preoperative erythrocyte and
hemoglobin levels are lower in RA patients than those
in OA patients and are associated with the inflammatory
process in RA and are consistent with the data of other
authors [24, 25]. The hemoglobin level was below 120

g/L in 30.4 % of RA patients of the series and not below
110 g/L. None of the patients had hemoglobin level below
80 g/L after surgery. Although gravimetric and visual
methods are used to evaluate blood loss they cannot be
considered accurate [26]. In addition to that, a significant
portion of the blood flowing from injured vessels can
be located in the soft tissues during hip replacement
surgery. In recent years, drainage systems have not been
used for replacement of major joints to reduce the risk
of postoperative periprosthetic joint infection [27-29].
Drains were not used in our series and postoperative
blood loss could not be measured with drains. We
could measure blood loss through reduced level of
erythrocytes and hemoglobin in addition to measuring
the volume of aspiration contents in "Armed 7E-A"
(Russia). Measurement of hemoglobin concentration for
assessment of intraoperative blood loss is also reported
by other authors [30, 31]. Intraoperative blood loss in
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RA patients was no greater than that in OA patients. The
tendency to less voluminous blood loss in RA patients
can be explained by active formation of clots treaing
vascular injuries during surgical procedure. The
assumption is based on a higher level of platelets that
are primarily involved in hemostasis. There is a close
correlation between the functional activity of platelets,
markers of inflammation and the course of RA [32].

The researchers studying the morphofunctional
characteristics of platelets in RA patients report
significant changes in cell counts, mean platelet volume
(MPV), plateletcrit (PCT), platelet distribution width
(PDW) in RA [33-36]. However, there is no consensus
on the nature of these changes. MPV in RA patients
was shown to have a positive correlation with markers
of inflammation and severity of the disease, and the
parameter decreased after treatment [34]. In contrast,
D.A.Kim and T.Y.Kim compared hematological
parameters of OA and RA patients and found significantly
higher platelet counts in RA patients and significantly
lower MPV and PDW [35]. B. Kisacik et al. reported
significantly lower MPV in RA patients than that in
OA patients that increased after treatment remaining
significantly lower than that in OA patients [33]. Isik et
al. reported positive correlation of PCT and C-reactive
protein, and a negative correlation of MPV and PDW
and the marker of inflammation in RA patients [36].
We found that RA patients had a positive correlation
between leukocyte count and PCT (Spearman correlation
coefficient rs = 0.48; p <0.05) and a negative correlation
between leukocyte count and MPV (rs =-0.43; p < 0.05)
that could be explained by associated platelet parameters
and the level of inflammation.

We found that RA patients had significantly
lower MPV than that in OA patients. MPV is a very
important morphofunctional parameter. Platelets of
greater volume have a higher procoagulation and
proinflammatory potential and contain a large number of
relevant components in their granules that are released
during activation [37]. Activated platelets produce
microparticles that are involved in the pathogenesis of
RA and play an important role in antigen presentation,
inflammation, angiogenesis, cells' signaling and
degradation of the extracellular matrix of articular
cartilage [38, 32]. Microparticles secreted by platelets
also carry activators of the coagulation process [39].
Decreased platelet volume in RA patients observed
in our series could indicate to greater microparticles
produced by platelets that could form clots more quickly
to prevent blood loss.

D.A. Kim and T.Y. Kim compared the leukocyte
counts of OA and RA patients and reported significantly
higher leukocyte count, neutrophils, in particular,
in RApatients [35]. Neutrophils play an important
role in the initial stages of rheumatoid arthritis: they
migrate into the joint cavity at an early stage, become
activated and are involved in the inflammatory process.
Extracellular neutrophil traps (NETS) are involved in
the production of autoantibodies against citrullinated
proteins that initiate an immune response in rheumatoid
arthritis. Proinflammatory cytokines stimulate neutrophil
migration, apoptosis and NETs formation [40, 41].
RA patients may also have neutropenia that is usually
associated with the presence of Felty syndrome or T-cell
leukemia from large granular leukocytes [42, 43].

Neutrophil lysis is known to play an important
role in the pathogenesis of RA, since the death
of neutrophil cells leads to the stimulation of
citrullination,  posttranslational —modification of
protein catalyzed by peptidyl arginine deiminases
converting arginine to citrulline [44, 45]. RA and
OA patients showed no significant differences in the
total leukocyte and neutrophil counts. Eosinophils
are multifunctional leukocytes with a wide range of
immune modulatory factors [46]. They were shown to
have an anti-inflammatory effect in RA patients being
able to induce the formation of an "anti-inflammatory"
M2 phenotype in macrophages by inhibiting the 1kB/
P38 MAP kinase signaling pathway [47]. We found
no preoperative differences in the level of leukocytes
of this type in RA and OA patients. In general, WBC
count and the ratio in RA patients was close to that
in OA patients after preoperative preparation at the
rheumatology department of the Ekaterinburg regional
hospital Ne 1. It can be assumed that the preoperative
level of the inflammatory process was characterized by
a similar level of severity. Hemoglobin was not less
than 100 g/L in RA patients as a result of preoperative
corrective treatment and meant mild anemia. Thus, the
absence of perioperative hemotransfusions, clinically
pronounced thromboembolic and other postoperative
complications in RA patients could be considered a
consequence of adequate preoperative preparation. Our
findings are consistent with those of the series reporting
the incidence of complications in RA patients being
not higher than that in OA patients undergoing THR at
a specialized center [9, 11, 48]. The review of THRs
performed for more than 120 thousand of OA patients
and for more than 6 thousand RA patients showed that
RA patients had equipollent perioperative risks [49].

CONCLUSION

Hip replacement surgery is one of the most effective
and complicated orthopaedic procedures that helps to
restore painless movements in the affected joint within

a short rehabilitation period. Patients with systemic
diseases of the connective tissue, rheumatoid arthritis,
in particular, with porous changes in bone tissue due to
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prolonged immunosuppressive therapy are a specific
case. In addition to the technical problems of prosthesis
implantation into the involved pelvic and femoral bones,
RA patients may have an increased risk of general
complications due to anemia and low hemoglobin levels.

We suggested that hematological parameters of
RA patients who had undergone specific preoperative
preparation were not shown to be associated with
greater blood loss during hip replacement surgery. The

leukocyte count leveled up in the preoperative and early
postoperative periods can be indicative of the absence
of a significant effect of RA on the postoperative
inflammation. Severe general and local complications
of total hip arthroplasty can be prevented through
thorough preoperative examination, specialized medical
preparation aimed at reducing inflammation and anemia,
technological atraumatic surgical procedure and early
postoperative rehabilitation.
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