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Abstract

Our study aimed to investigate the levels and time-course of systemic inflammatory and hemostasis markers in the early
postoperative period in patients undergoing total hip replacement (THR). The study included 70 patients of both sexes, average
age 68.4 + 10.9 years. Levels of inflammatory and hemostasis markers were measured before surgery (POD 0), a day after the
surgery (POD I) and 5 days after surgery (POD 5). In the postoperative period inflammatory markers increased. The operation
provoked a significant increase of CRP on POD | in comparison to POD 0 (68.5 + 5.4 vs 6.8 + 2.2 ug/mL, p < 0.001) and the
additional increase was registered on POD 5 (87.5 + 8.1 vs 68.5 + 5.4 ug/mL, p < 0.001). Interleukin-6 significantly increased on
POD | (251.5 + 21.6 vs 14.6 + 7.1 pg/mL, p < 0.001) and after that (POD 5) decreased. After surgery leukocyte count,
neutrophil/lymphocyte ratio and platelet/lymphocyte ratio were significantly higher compared to POD 0. Activation of coagu-
lation in the postoperative period was shown by increased peak thrombin on POD 5 in comparison to POD 0 (185 + 27 vs.
124 + 31 nM, p < 0.001). D-dimer was increased on POD | and an additional rise was observed on POD 5. vWF also
progressively increased in the observed period. Results of our study showed that after THR systemic inflammatory markers
increased and coagulation function was enhanced. Determination of inflammatory and procoagulant markers could help identify
patients at risk for cardiovascular thromboembolic events.

Keywords
total hip replacement, perioperative stress response, systemic inflammatory markers, cardiovascular complications, thromboem-
bolic complications

Date received: 04 September 2020; revised: 06 December 2020; accepted: 14 December 2020.

There is increasing evidence, which points to an extensive
cross-talk between inflammation and coagulation, where

Introduction

Surgical procedures including total hip replacement (THR) are
associated with perioperative complications. Most frequent
perioperative complications include cardiovascular, throm-
boembolic events and respiratory problems. Operative proce-
dures cause a significant inflammatory systemic reaction.' ,Medical Centre Ljubljana, Slovenia -~ . o
Increased inflammatory response as a consequence of oxidative stzztiament of Vascular Disease, University Medical Centre Ljubljana,
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adverse events. The increased systemic inflammatory response  The University of Texas Health Science Centre at Houston, TX, USA

in the perioperative period could be a risk factor for throm- *Loyola University Medical Centre, Maywood, IL, USA

boembolic complications. Further, oxidative stress leads to

! Department of Anesthesiology and Perioperative Intensive Care, University

Corresponding Author:

deterioration of cardiovascular homeostasis including endothe-
lial dysfunction, which is most probably involved in venous
thromboembolic complications.?
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inflammation leads to activation of coagulation, and coagula-
tion also considerably affects inflammatory activity.> Proin-
flammatory cytokines and other mediators are capable of
activating the coagulation system and down-regulating physio-
logic anticoagulant pathways. Furthermore, an activated coa-
gulation system with increased thrombin generation
downregulates anticoagulant mechanisms and endogenous
fibrinolysis.®> This indicates that perioperative complications
depend on the intensity of the systemic inflammatory response.

The presence of a hypercoagulable state caused by tissue
injury and systemic inflammatory response plays an important
role in predisposing to venous thromboembolism (VTE) and
other thromboembolic complications after THR.* Therefore, it
would be helpful to identify patients who are at high risk of
VTE immediately after the surgical procedures and provide this
group of patients with more adequate prophylaxis. Many
attempts have been made to establish a relationship between
systemic inflammatory markers, coagulation- activation mar-
kers and risk for development of postoperative VTE but defi-
nite results are still not available.

Therefore, the aim of our study was to investigate levels of
systemic inflammatory and hemostatic markers and their time
course in the early postoperative period.

Methods
Study Description and Patient Characteristics

This prospective observational study included consecutive
osteoarthritis patients who underwent an elective THR under
spinal anesthesia from January till June 2017 in a tertiary ortho-
pedic medical center. Out of 145 patients treated in observed
period 70 eligible patients were included and the sample size
was calculated with the help of the Glimmpse online calculator.
The study was approved by the National Medical Ethics Com-
mittee and was conducted in compliance with the Declaration of
Helsinki. All subjects provided written informed consent. The
study was registered at ClinicalTrials.gov (NTC-03014765).

Excluded were patients who suffered acute coronary syn-
drome, cerebrovascular incident or acute venous thrombosis/pul-
monary embolism within the last 6 months, acute inflammatory
disease within 3 months or who were on permanent therapy with
glucocorticoids. Also, patients with known liver failure, advanced
chronic kidney disease (a severe reduction in glomerular filtration
rate (GFR < 30 mL/min)), active malignant disease or use of
immunosuppression after organ transplantation, pregnancy or
patients who declined to participate were excluded from the
study. Extensive history and physical exam included registration
of diabetes mellitus, arterial hypertension, hypercholesterolemia,
obesity, and smoking. In addition, the data on the preoperative
medications, including nonsteroidal anti-inflammatory drugs,
aspirin, and anticoagulants were collected.

Operative Procedure

All patients were operated under spinal anesthesia, which was
performed using plain bupivacaine 0.5% (Marcaine Spinal

Heavy; Astra Zeneca, Lund, Sweden). The surgery was per-
formed in a lateral decubital position. In all patients anterolat-
eral (modified Watson-Jones) approach for a hip replacement
was used, all THRs were cementless. Before the induction of
spinal anesthesia all patients received 2 g of Cefazolin in
100 mL of saline over 15 min intravenously (i.v.) and tranexa-
mic acid 1 g i.v., after which an infusion of lactated Ringer’s
solution (5 mL/kg/h i.v.) was started.

The Data Recorded in the Perioperative Period

The following data were recorded during the perioperative
period: duration of surgery, fluid balance (calculated at the end
of procedure, at release from post-anesthesia care unit (PACU)
and 24 h after the surgery), length of stay (LOS) in the intensive
care unit and total hospital LOS, amount of perioperative blood
loss, received blood products, type, and duration of antithrom-
botic prophylaxis. The total amount of bleeding was estimated
based on volume (mL) of blood in the suction tank and the
number of gauze in the operation room (10 immersed gauzes
were considered as 200 mL of blood) based on the anesthesiol-
ogist’s evaluation at the end of surgery. Additionally, blood
loss through the drain was recorded. All postoperative compli-
cations following orthopedic procedures including fever
(defined as a body temperature above 38°C), reoperation due
to local infection, dehiscence or bleeding, as well as sepsis,
pneumonia, venous thromboembolism, and acute coronary or
cerebrovascular events or readmission in the first 30 days after
surgery were recorded.

Postoperative Management of Patients

Patients were routinely mobilized on the first day after surgery
and a standardized rehabilitation protocol was started. All
patients wore graduated thigh-high compression stockings after
the surgery until discharge. Prophylactic anticoagulant therapy
was provided according to the American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines.’
Patients were administered dalteparin 5000 IU once-daily sub-
cutaneous or rivaroxaban 10 mg orally once per day, beginning
8-12 h after surgery and were treated for 35 days, respectively,
at the discretion of a treating orthopedic surgeon. All patients
received additional doses of Cefazolin 2 g i.v. 8 and 16 h
postoperatively.

Laboratory Parameters

Blood for laboratory analysis was collected a day before surgery
(POD 0), up to 24 hours (POD 1) and 5 days after the surgery
(POD 5), always in the morning after a 12h-overnight fast. Sam-
ples were drawn from the antecubital vein with minimal venous
stasis firstly into 4.5 mL vacuum tubes containing 0.11 mol/L
sodium citrate (9:1 v/v) (Becton Dickinson, Vacutainer
System Europe, Heidelberg, Germany), followed by a 4 mL
serum-separator tube and 2 mL K53-EDTA tube (both Vacutube,
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Table I. Baseline Demographic and Clinical Characteristics of
Patients Who Underwent Total Hip Replacement (n = 70).%

Variable Value
Basic demographic characteristics
Age (years) 684 + 109
Male 37 (53%)
Weight (kg) 79 (70-90)

Body mass index (kg/m?)
Risk factors

28.5 (25.0-30.9)

Arterial hypertension 44 (63%)
Diabetes mellitus type 2 14 (20%)
Hyperlipidemia 20 (29%)
Smoking 7 (10%)
Medication
Aspirin 14 (20%)
Nonsteroidal anti-inflammatory drugs 33 (47%)
Antihypertension drugs 44 (63%)
Antidiabetic drugs 13 (19%)
Statins 20 (29%)

?Data are expressed as mean + standard deviation, median (interquartile
range) or number (percentage), respectively.

Laboratorijska tehnika Burnik, Kranj, Slovenia). From the
K5-EDTA whole blood the complete blood counts, which
included total white blood cells, neutrophils, lymphocytes, and
platelets, were measured using a KX-21 N hematology analyzer
(Sysmex, Japan). Neutrophil-to-lymphocyte (NLR) and
platelet-to-lymphocyte ratio (PLR) were calculated as the ratio
of neutrophils to lymphocytes and the platelets to lymphocytes,
respectively, obtained from the blood samples that were taken at
the fasting state. Serum was prepared by 15-minute centrifuga-
tion at 2,000 x g and citrated plasma by 20-minute centrifugation
at 2,000 x g, immediately frozen and stored at —70°C for further
analysis.

Plasma levels of CRP and IL-6 were measured by using an
enzyme-linked immunosorbent assay (ELISA) method (R&D
Laboratories, Minneapolis, MN, USA).

Serum cortisol levels were determined using cortisol ELISA
kit according to the manufacturer’s protocol (LDN GmbH &
Co., Nordhorn, Germany). Absorbance was measured using a
spectrometer.

The calibrated automated thrombin method was used to
assess thrombin generation over time. Further, peak thrombin
which represents the highest concentration of thrombin in
plasma sample at a given time was determined.®

D-dimer testing: venous blood was collected by venipunc-
ture into 3.2% sodium citrate to a final ratio of 9:1 using Vacu-
tainer tubes (Becton Dickinson, Franklin Lakes, NJ, USA.).
Each specimen was centrifuged for 10 minutes at 3000 RPM.
D-dimer levels were tested using Innovance DD (Date Behring,
Marburg, Germany).

Commercially available ELISA kits were used to measure
levels of vWF (Hyphen BioMed, Neuville-Sur-Oise, France)
and microparticle—tissue factor (Hyphen BioMed, Neuville-
Sur-Oise, France).

Statistical Analysis

To assess the normal distribution of variables we used the
Shapiro-Wilks test. Normally distributed continuous variables
were presented with the arithmetic mean and standard devia-
tion. Non-normally distributed continuous variables were pre-
sented as a median and first to the third quartile. Categorical
variables were presented as a count and percentage. Differ-
ences in the inflammatory and coagulation parameters were
compared with baseline among the 2 postoperative periods
(baseline, POD 1 and POD 5) by repeated-measures analysis
of variance (ANOVA). One-way ANOVA with repeated mea-
sures in longitudinal variables was performed and also the
ANOVA modification was used for repeated measure analysis.
Post hoc analysis with Bonferroni correction was used when
significant differences were observed.

Differences between different time points were compared
by unpaired t-test or the Wilcoxon rank-sum test as appropriate.
Differences in categorical variables were calculated using a
chi-square test (and Fisher’s exact test). Statistical significance
was considered a 2-tailed p < 0.05. Data were analyzed using
STATA 2017 statistical software: release 15. College Station,
Texas, USA: StataCorp LP.

Results

The study included 70 patients in whom elective THR was
performed; their average age was 68.4 + 10.9 years (Table
1). Most of the patients had one or more cardiovascular risk
factors. The characteristics of surgical procedures and compli-
cations are shown in Table 2. The median duration of operation
was 90 min (65-100 min), perioperative blood loss accounted
for a median 300 mL (200-400 mL), 37% of patients developed
mild postoperative side-effects like fever, postoperative nau-
sea, and vomiting. Postoperative complications within 30 days
after surgery were rare, one patient suffered ischemic cerebro-
vascular ischemia that has not caused significant clinical con-
sequences. However, none of the patients was diagnosed with
deep venous thrombosis (DVT).

There was a correlation between patients’ characteristics and
duration of the operative procedure: age was positively correlated
with the duration of operation (r = 0.41, p < 0.05) and hospital
LOS (r = 0.45, p <0.001). The duration of operation was posi-
tively related to operative blood loss (r = 0.406, p = 0.005).

After the operation, the decrease of hemoglobin and plate-
lets were found (Table 3). At POD 1, leukocyte count signifi-
cantly increased which was related to neutrophil increase.
However, the number of lymphocytes decreased. The highest
mean peak for relations between inflammatory cells (neutro-
phils/lymphocytes and platelets/lymphocytes) was at POD 1
after the operative procedure (Table 3). The relationship
between neutrophil/lymphocyte ratio (NLR) and age, body
mass index (BMI) and D-dimer was found (Table 4). Analysis
of relationship between blood loss and changes in blood count
(decrease of platelets and increase of leukocytes) showed that
changes in blood cell count were not caused by blood loss.
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Table 2. Features of Surgical Procedures and Perioperative Compli-
cations in 70 Patients Who Underwent a Total Hip Replacement.?

Variable Value
Operative and early postoperative period
Duration of surgery (min) 90 (65-100)
The total length of hospital stay (days) 7 (7-8)

Perioperative blood loss (mL)
Amount of received crystalloids (mL)
Amount of received colloids (mL)

300 (200-400)
1000 (550-1450)
500 (300-750)

Fever after surgery 26 (37%)
Postoperative nausea and vomiting 32 (46%)
Revision of operative wound I (1%)
30 days after discharge

Readmission 3 (4%)
Surgical wound infection I (1%)
Wound dehiscence 0
Sepsis 0
Pneumonia 0
Venous thromboembolism 0
Acute coronary syndrome 0
Ischemic Cerebrovascular Incident I (1%)

?Data are expressed as median (interquartile range) or number (percentage),
respectively.

Results of inflammatory and coagulation markers are pre-
sented in Table 5 and Figures 1-4.

C-reactive protein (CRP) was at POD 1 significantly higher
than before operation (68.5 + 5.4 vs 6.8 + 2.2 pug/mL,
p < 0.001) and an additional increase of its value was found
at POD 5 (87.5 + 8.1 pg/mL). In the early postoperative
period, there was a significant increase in interleukin-6 (IL-6)
that at POD 5 gradually decreased. However, IL-6 average
values were at POD 5 after the surgery still significantly higher
than in the preoperative period. Preoperatively, patients with
diabetes had insignificantly higher levels of CRP. However,
increase of inflammatory markers was not associated with the
presence of risk factors of atherosclerosis.

Peak thrombin was significantly increased at POD 5 in com-
parison to POD 0 and POD 1 (Figure 1). Microparticle tissue
factor (MP-TF) was immediately after the operation significantly
decreased and an additional decrease was registered in the
follow-up period at POD 5 compared with baseline (Figure 2).
Cortisol levels increased at POD 1 (248 + 81 ng/mL vs 215 +
78 ng/mL, p = 0.015) and a significant decrease was registered at
POD 5 (96 + 47 ng/mL vs 215 + 78 ng/mL, p <0.001) (Figure
3). A significant increase in D-dimer was registered at POD 1 and
itadditionally increased on POD 5 (Figure 4). vWF activity levels
increased at POD 1 compared with baseline (213 4+ 11% vs 170
+ 10%, p<0.001) and it additionally increased at POD 5 (295 +
18% vs 213 + 11%, p < 0.001).

Discussion

Characteristics of our study population represent typical
patients with osteoarthritis, namely, they were overweight and
aged around 70 years.’

The most important finding of our study was an increased
systemic inflammatory response and enhanced coagulation
function caused by the operative procedure.

Inflammatory Markers

An increased inflammatory response was most probably pro-
voked by increased operative stress related to operative proce-
dure which was showed by increased cortisol level in the
peri-operative period registered 24-hours after the surgery.
As there is a cross-talk and bidirectional communication
between inflammation and the endocrine system, activation
of both systems was expected.

In our study the highest cortisol levels were registered on
POD 1 and on POD 5 they were significantly lower than on
POD 0. In most studies, cortisol level rises rapidly and usually
returns to baseline values within 24-48 hours.® However, mini-
mally invasive surgeries do not cause a peri-operative cortisol
peak. Moreover, cortisol actually decreases in comparison to
presurgical measurements. This phenomenon could be
explained by the fact that lower stress is counteracted by other
factors, such as anesthesia and sedation. Anesthetic agent eto-
midate is known inhibitor of cortisol synthesis and can influ-
ence the level of cortisol.” Lower levels of cortisol on POD 5 in
our study could be also the consequence of drop of corticoster-
oid binding globulin (CBG) after surgery, particularly after
major procedures. Further, epidural as well as spinal anesthesia
techniques may lead to blunted cortisol response.'® The drop in
cortisol in our patients could be explained by the fact that in all
of them the surgical procedure was performed under spinal
anesthesia.

Inflammatory blood cells (leukocytes and neutrophils)
increased in the first 24 h after the operation. It indicates
increased inflammatory response provoked by THR. Another
newly developed indicator of inflammation is the NLR, which
shows the relationship between the absolute neutrophil and
lymphocyte counts, is a marker of the systemic inflammatory
response.'' In our patient group, NLR significantly increased
24 hours after the operation, and after 5 days values were
comparable to preoperative values. Wasko et al. showed a
1.2-fold increase in NLR on day 3 after the procedure—values
did not exceed normal values (NLR < 5) in the perioperative
period, however, they did not measure it immediately after the
procedure.'?

As CRP values in our study were high even at POD 5, NLR
could potentially be a better and immediate biomarker to fol-
low postoperative inflammation or early infection after THR.
Barker and co-workers followed changes in NLR after unilat-
eral total knee replacement and in patients with unicompart-
mental knee arthroplasty and concluded that NLR increased in
both groups, however, its increase was greater following total
knee replacement.'? In our study, the relationship between the
increase in NLR and age, BMI and D-dimer was found. It
indicates that older patients and patients with increased BMI
are prone to a more intense inflammatory response.
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Table 3. Changes in the Complete Blood Count With Differential and Blood Count Indices in the Perioperative Period (N = 70).
Before operation 24 h after operation 5 days after operation P P P
Parameters 0) ) (2) Ovs | I vs2 2vs0
Hemoglobin (g/L) 138.0 110.0 108.0 <0.001 1.000 <0.001
(129.0-148.0) (103.5-121.0) (101.5-114.5)
Leukocytes (x 10%) 6.4 84 6.9 <0.001 0.002 0.264
(5.4-7.3) (6.7-9.5) (6.0-7.7)
Platelets (x 107 215.0 180.0 235.0 <0.001 <0.001 0.001
(168.0-282.0) (140.0-207.5) (173.5-334.0)
Lymphocytes (x 10%) 1.6 0.9 1.2 <0.001 0.047 <0.001
(1.3-2.0) (0.6-1.3) (0.9-1.3)
Neutrophils (x 10%) 4.1 6.5 4.9 <0.001 <0.001 0.019
(3.2-4.9) (5.5-7.5) (4.1-5.8)
Neutrophil/ lymphocyte ratio 23 6.9 3.1 <0.039 0.059 0.07
(2.0-3.6) (4.9-10.6) (2.3-4.0)
Platelet/lymphocyte ratio 53.1 165.0 136.4 0.020 0.215 <0.001
(42.3-62.6) (120.2-265.5) (105.3-181.9)

Another indicator of systemic inflammation is PLR."* In our
patients, 24 hours after operative procedure PLR was signifi-
cantly increased because of lower lymphocyte count. Higher
PLR may reflect underlying inflammation."> Therefore, PLR
may be a surrogate marker of systemic inflammation and as
such provide an explanation for increased cardiovascular risk
and venous thromboembolic complications in the perioperative
period. These assumptions are partly confirmed by findings of
Yao, et al. who found that postoperative PLR values were
significantly associated with DVT after joint arthroplasty.'®
In our study, no clinically evident DVT was identified. How-
ever, we have not performed systematical screening of DVT,
therefore subclinical thrombosis was not identified.

In our study also CRP levels significantly increased 24 hours
after the operation and 5 days later an additional increase was
registered. Increased CRP in the postoperative period again
confirmed that operative procedure induces tissue damage,
which leads to a systemic inflammatory response. Hepatic
synthesis of CRP peaks at around 48 hours."”

Our study also showed that operation provokes IL-6
increase with peak concentration 24 hours after the procedure
which is followed by a significant decrease in the following
days. IL-6 is one of the pro-inflammatory cytokines which is
involved in the progression of atherosclerosis,'® and in the
pathogenesis of the venous thromboembolic disease.'® Differ-
ent studies showed that some interleukins, including IL-6, are
associated with a 2-to-6-fold increase in the risk of deep venous
thrombosis.*”

Procoagulant Markers

D-dimer which represents a degradation product of
cross-linked fibrin by plasmin may be elevated in any condi-
tions where clots form. In our patients, a significant increase of
D-dimer with the highest values were found at POD 5. This
indicated that operative procedures provoke activation of coa-
gulation system in the early postoperative period. Studies

Table 4. The Correlation Between Levels of Some Inflammatory
Parameters and Other Patients’ Characteristics 24 h After the Oper-
ation (POD I).

Parameters R P

NLR vs age 0.47 0.001
NLR vs BMI 0.36 0.015
Leukocytes vs hospital stay 0.28 0.031
NLR vs D-dimer 0.44 0.001
PLR vs D-dimer —0.33 0.028

NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; BMI, body
mass index.

showed that elevated soluble fibrin and D-dimer represent a
useful tool in risk assessment of postoperative DVT in patients
with hip arthroplasty or knee arthroplasty.*' It was also shown
that values of D-dimer were higher after total knee replacement
than after THR.?* However, levels of D-dimer in those patients
without clinically manifest DVT were not significantly differ-
ent from patients with DVT. Some data indicate that duration
of D-dimer elevation after surgery may be predictive for
DVT.? Further, some cut-off levels of D-dimer may provide
reference for the absence of DVT.?* Similarly, also thrombin
generation and peak thrombin were in our patients significantly
increased on POD 5. Values were significantly higher relative
to plasma samples collected at POD 0 or on POD 1.
Excessive thrombin generation can result in thromboem-
bolic complications, so identifying biomarkers of thrombin
generation could play a major role in the prevention and man-
agement of these complications. The Longitudinal Investiga-
tion of Thromboembolism Etiology (LITE) study showed that
basal peak thrombin generation was associated with a 74%
increased risk of VTE.? Preoperative (POD 0) and POD 1
values of peak thrombin were lower than in samples of healthy
controls. Lower baseline values could be caused by drugs taken
by patients preoperatively: aspirin and statins. Lower POD 1
values may be caused also by heparin treatment and
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Table 5. Results of Laboratory Analysis Before and After the Operative Procedure of Patients With Total Hip Replacement.?

Before operation

24 h after operation

5 days after operation

(POD 0) (POD 1) (POD 5)
©) ) @ P P P

Parameters (N =70) (N =70) (N =70) Ovs | I vs2 2vs 0
Glucose (mmol/L) 5.5 6.0 6.2 0.011 1.000 0.077

(4.9-6.5) (54-7.4) (5.3-7.5)
Urea (mmol/L) 5.9 54 5.8 0.252 0.261 1.000

(4.4-7.0) (4.3-6.6) (4.6-7.8)
Potassium (mmol/L) 4.3 4.1 4.0 0.252 0.261 1.000

(4.0-4.7) (3.9-43) (3.9-4.5)
Sodium (mmol/L) 142.0 138.0 143.0 0.006 <0.001 0.437

(139.0-144.0) (136.5-141.0) (139.5-144.0)

Creatinine (umol/L) 71.8 56.3 62.0 <0.001 <0.001 0.004

(59.8-80.3) (47.7-66.3) (53.9-76.2)
D-dimer (ng/mL) 800 + 214 2245 + 368 2980 + 341 <0.001 <0.001 <0.001
Peak thrombin (nM) 124 + 31 135 + 30 185 + 27 0.035 <0.001 <0.001
Cortisol (ng/mL) 215 + 78 248 + 8l 96 + 47 0.015 <0.001 <0.001
Interleukin-6 (pg/mL) 146 + 7.1 251.5 + 21.6 51.7 + 154 <0.001 <0.001 <0.001
C-reactive protein (ug/mL) 68 + 2.2 68.5 + 54 87.5 + 8.1 <0.001 <0.001 <0.001
Von Willebrand factor (%) 170 + 10 213 + |1 295 + 18 <0.001 <0.001 <0.001
Microparticle tissue factor (pg/mL) 78 + 1.2 56 + 09 51 + 1.1 <0.001 0.004  <0.001
?Data are expressed as median (interquartile range) or mean (standard deviation), respectively.

250 P <0.001 P<0.001
P =0.035 P<0.001 " P <0.001 P =0.004
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B Before operation [l 24h after operation [l 5 days after operation

Day of biood sample

Figure 2. Changes of microparticle tissue factor in patients with hip
replacement—before the operation (POD 0) and in the postoperative
period.

I Before aperation [ 24h after operation [ S days after operation

Figure 1. Changes of peak thrombin in patients with hip

replacement—before the operation (POD 0) and in the postoperative
period. mediates adherence of platelets to the damaged vessel wall and
promotes thrombus formation. An increase of vWF in our
patients indicates that in the early postoperative period there
is an enhanced coagulation function. As elevated plasma levels
of vWF may predict thrombosis, inhibition of vWF could be a

novel way of VTE prophylaxis.*®

heparin-antithrombin effect, while on POD 5 patients were
treated mostly with rivaroxaban. The study of Green and
co-workers indicated that in the postoperative period thrombin
generation was increased but was blocked by dabigatran.?
Otherwise, thrombin generation is associated with the risk of All these markers: increased D-dimer, peak thrombin gen-
thrombotic complications and may be useful predictive marker eration and vWF in early postoperative period indicate that
for evaluation of thrombosis on an individual basis.?’ operative stress stimulates thrombotic cascade and enhances

One of the most interesting findings of our study was a coagulation function. Increased inflammatory and procoagu-
progressive increase in vWF in the early postoperative period. lant factors may be involved in perioperative, particularly
vWF is an important player in hemostasis and thrombosis. It thromboembolic complications in a patient with THR.
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Figure 3. Changes of cortisol in patients with hip replacement—
before the operation (POD 0) and in the postoperative period.
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Figure 4. Changes of peak D-dimer in patients with hip replace-
ment—before the operation (POD 0) and in the postoperative period.

Limitations of the Study

Most of patients were treated before operative procedure with
aspirin (20%) or non-steroidal anti-inflammatory drugs, which
could influence inflammatory response and prothrombotic state
immediately after the operation. Also, postoperative treatment
with dalteparin or rivaroxaban probably influenced coagulation
markers, which were measured in our study. Observation
period was relatively short (5-7 days after operation). There-
fore, it was impossible to calculate outcome and long-term
prognosis on the base of elevated inflammatory markers.
Inflammatory and immune response to surgery could be pro-
tective for the body in early postoperative period.”” However,
the magnitude of the postoperative systemic inflammatory
response is also independent risk factor for postoperative
complications.*’

Conclusion

Surgical trauma and anesthesia are considered major stresses
for the human body which provoke inflammation and procoa-
gulant state resulting in the development of perioperative com-
plications. Most frequent and serious events represent
cardiovascular and venous thromboembolic complications.
Our study showed that in patients undergoing THR immedi-
ately after procedure circulating markers of inflammation are
increased. On the first postoperative day, inflammatory cells
were significantly higher than in the preoperative period.
Further, CRP and IL-6 significantly increased 24 hours after
the operation. As systemic inflammation is related to cardio-
vascular and venous thromboembolic complications, the results
of our study indicated that increased risk for perioperative
complications is most probably caused by inflammatory
response related to the operative procedure. The systemic
inflammatory response was accompanied by activation of coa-
gulation which was shown by an increased D-dimer, vWF and
peak thrombin. Determination of these markers may help in the
identification of patients with osteoarthritis undergoing THR
who are at high risk for thromboembolic complications. The
time course of inflammatory and procoagulant factors indicates
that the risk of complications is the highest in the first days
after the surgery.

Abbreviations

ANOVA  analysis of variance

BMI body mass index

CBG corticosteroid binding globulin
CRP C-reactive protein

DVT deep venous thrombosis
ELISA enzyme-linked immunosorbent assay
GFR glomerular filtration rate

LOS length of hospital stay

MP-TF microparticle tissue factor
NLR neutrophil/lymphocyte ratio
PACU post-anesthesia care unit

PLR platelet/lymphocyte ratio

POD postoperative day

POD 0 before surgery

POD 1 1 day after the surgery

POD 5 5 days after the surgery

THR total hip arthroplasty

VTE venous thromboembolism
vWF von Willebrand factor
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