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Abstract

Background: Traumatic injury induces changes in mediators of inflammation and coagulation, but the pivotal roles of
inflammation and coagulation has not been precisely clarified. Therefore we have studied markers of inflammation and
coagulation after a standardized musculoskeletal trauma like total hip replacement surgery.

Methods: We allocated 21 patients aged 50 to 84 years who underwent total hip replacement surgery. Releases of TNF-o, IL-
1B, IL-6, IL-8 and IL-10 and protrombin fragment F1.2 and plasmin-antiplasmin complex (PAP) were examined during
surgery and up 6 days postoperatively, and systemic releases were compared to pre-operative values. Surgery induced
significant increments in serum levels of IL-6 at 6 hours and at 1 day after surgery and in levels of IL-8 at 6 hours after
surgery. There were no significant changes in serum levels of TNF-o, IL-1f or IL-10. There were significant increments in
blood levels of F1.2 and PAP up to 6 days postoperatively with highest levels at 6 hours after surgery. There were only week
correlations between IL-6 and IL-8 and F1.2 and PAP.

Conclusion: Major musculoskeletal surgery causes changes of the inflammatory, coagulatory and fibrinolytic cascades in
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stable patients, but with no correlations between inflammation and coagulation and fibrinolysis.
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Introduction

Traumatic activation of inflammation and coagulation is
recognized as a physiologic reaction to initiate healing and to
act as a barrier to injury propagation and infection [1]. It arises
from the interplay between various mediators produced at the site
of injury, but with serious traumatic events, it can lead to a
generalized state of inflammation referred to as the systemic
inflammatory response syndrome with the potential to cause local
and remote organ injury [2]. Inflammation and coagulation are
intricately related processes that may considerably affect each
other. A large number of inflammatory mediators, including
cytokines have been shown to affect the coagulation cascade at
several levels in monocyte and liver cells and promote inflamma-
tion in endothelial cells with structural and functional changes [3].
However, it has become increasingly clear, that vice versa,
components of the coagulation system are able to markedly
modulate the inflammatory response [3], [4]. Coagulation factors
as well as anticoagulant proteins may activate specific cell
receptors on mononuclear or endothelial cells, which may affect
cytokine production or inflammatory cell apoptosis.

The entire pathophysiology of posttraumatic organ dysfunction
is not fully understood, and an improved understanding of the
pivotal roles of inflammation and coagulation seems important for
directing appropriate patient care after traumatic injury [5]. To
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get insight into the physiological interactions between inflamma-
tion and coagulation following injury, we have studied markers of
inflammation and coagulation and fibrinolysis after a standardized
musculoskeletal trauma in the form of total hip replacement

(THR).

Methods

The study was approved by the Regional Ethics Committee of
South East Norway (105-08012d 1.2007.1798. 1306./2058,
17679) and was performed in accordance with the ethical
standards of the Declaration of Helsinki. We included 13 women
and 8 men aged 60 to 84 years after written informed consent to
participate in the study (Table 1). They all underwent primary
cemented total hip arthroplasty (THA) due to osteoarthritis under
spinal anesthesia with 5 mg/mL bupivacaine (Marcain; AstraZe-
neca, Sodertilje, Sweden) injected at the lumbar level. The
operation was performed in the lateral position, using a
standardized posterior approach. Closed postoperative drainage
was used for 24 hours. All patients were mobilized on the first
postoperative day.

Thromboprophylaxis with low-molecular-weight heparin (Frag-
min; Pharmacia & Upjohn, Stockholm, Sweden) and infectious
prophylaxis with cephfalothin (Keflin; Eli Lilly, Indianapolis, IN.,
USA) were used. Voluven and Ringer’s acetate (Fresenius KABI,
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Table 1. Patients’ characteristics. Values are mean * standard deviation and (ranges).

Age (years)
Height (cm)
Weight (kg)
BMI

ASA classification

70.6+7.8 (60-84)
170+8.2 (155-192)
78.6+11.8 (63-108)
26.8+3.6 (22-33)
1.9+0.4 (1-2)

doi:10.1371/journal.pone.0107881.t001

Bad Homburg, Germany) were used as plasma substitutes.
Postoperative analgesia was administered according to a standard
protocol consisting of paracetamol and codeine sulphate (Paralgin
forte; Weifa AS, Oslo, Norway) and ketobemidon (Ketorax;
Jenahexal Pharma, Jena, Germany).

Patients with allergy to dalteparin, bleeding disorders, renal
failure, hepatic disease, active treatment for malignancy, on-going
antithrombotic treatment, history of deep vein thrombosis or
pulmonary embolus, and patients experiencing major operations,
traumas, stroke, or cardiac infarction the last 3 months before
surgery were excluded. Patients were advised to stop antiplatelet
medication and high-dose aspirin 1 week before surgery.

Hemoglobin, hematocrit, white blood counts, platelet counts, c-
reactive-protein, creatinin, and liver enzymes were analyzed the
day before surgery.

Blood samples were obtained from a peripheral vein at the
following time points: before induction of anesthesia (T'1), after
induction of anesthesia, but before surgery (12), at the end of
surgery (T'3), at 6 hours after surgery (T4), at the day after surgery
(T5) and at 6 days after surgery (T6). Blood samples was kept on
ice until it was separated by centrifugation at 2500 g for 20 min at
18 degrees C and stored at —80 degrees C until assayed. Analyzes
of tumor necrosis factor o (INF-o), interleukin 10 (IL-10) (R & D
systems, MS, USA), IL-1B, IL-6 and IL-8 (CLB, the Netherlands)
were performed by ELISA according to the manufacturers
instruction.

Prothrombin fragment F'1.2 and plasmin/a2-antiplasmin (PAP)
were measured by ELISA by the use of commercial kit (Enzygnost
F1.2 micro; Dade Behring, Marburg, Germany) following
manufacturer’s instructions.

Statistical analyses were performed using SPSS II software
Version 19 (IBM Inc. USA). Data are presented by mean and
standard deviation. Time dependent changes were performed by
analysis of variance (ANOVA). If significant differences were
indicated, we used the LSD post hoc test. Correlations and
regression analyses were carried out, and P=0.05 was considered
significant.

Results

The postoperative course was uneventful in all patients up to 6
days after surgery when they left the hospital. Before surgery CRP
was 3.2%4.4 mg/L, at 3 days after surgery it was significantly
increased to 83%+53 mg/L (p<<0.001), and it was still significantly
increased at 6 days after surgery (4631 mg/L) (p<<0.001).

Surgery induced significant increments in serum levels of IL-6 at
6 hours after surgery (p<<0.001) and at 1 day after surgery (p<<
0.001) and in levels of IL-8 at 6 hours after surgery (p=0.004)
(Table 2). There were no significant changes in serum levels of
TNF-a (0.947), IL-1B (p =0.421) or IL-10 (0.989).

There were significant increments in blood levels of F1.2 and
PAP up to 6 days postoperatively (p<<0.001) with highest levels at
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6 hours after surgery. There were week correlations between
serum levels of IL-6 and F1.2 and PAP (r=0.194 and 0.066,
respectively) and IL-8 and F1.2 and PAP (r=0.183 and 0.193,
respectively). By analyses of regression we found that serum levels
of IL-6, IL-8, F1.2 or PAP were not significantly associated with
age, sex and body mass index (BMI) (p =0.636, 0.131 and 0.811,
respectively).

Discussion

Severe trauma results in the release of mediators of inflamma-
tion and coagulation, and sustained alterations have been
associated with systemic complications [6], [7]. But the magnitude
and relevance of such alterations in trauma patients who are
physiologically stable are not widely appreciated. An important
aspect is the link between coagulation and inflammation [8]. In
our study we defined the insult in terms of a standardized surgical
procedure. We found significant inflammatory, coagulatory and
fibrinolytic responses following a major musculoskeletal injury in
otherwise stable patients. However, there were no correlations
between the markers of inflammation on one hand and the
markers of coagulation and fibrinolysis on the other hand.

The age of our patients ranged from 60 to 84 years, and both
women and men were included. Differences in age and sex as well
as in nutritional status may influence the inflammatory response.
However, the operations were done electively, all patients were
well nourished as indicated by BMI, and there were no
correlations between age, gender and BMI. Furthermore, we
found no associations between age, gender and BMI on one side
and inflammatory markers on the other. Second, it may be
questioned whether the inflammatory response was influenced by
the anesthetic. We measured markers before and after anesthesia,
but before surgery, and we could not find any significant changes
as a result of anesthetic. But as there is a rather short time interval
between anesthesia and surgery, we can not say with certainty that
anesthesia do or do not have inflammatory effects. Third, we did
not measure the biomarkers locally. An increased production of
pro-inflammatory mediators at the site of tissue damage may
contribute to systemic inflammation and trauma-mediated immu-
nosuppression [9].

The proinflammatory cytokines TNF-o, IL-1p, IL-6 and IL-8
and the antiinflammatory IL-10 have been considered important
markers of inflammatory activity [10]. Therefore we focused on
these. However, chemotactic cytokines govern the migration of
inflammatory leukocytes into damaged areas, and typical inflam-
matory chemokines like CCL2 and CCL3 are known to play a
key-role in the posttraumatic immune response [11]. These
cytokines were also analyzed in our study, but as there were no
significant changes in the systemic levels of these, they were not
reported. Also, investigations into the use of IL-1B and IL-10 as
clinical markers of the inflammatory response to trauma have been
equivocal [12]. TNF-a is produced by a variety of cells and acts to
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0.004, p
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doi:10.1371/journal.pone.0107881.t002
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increase the permeability of endothelial cells and the expression of
adhesion molecules. But binding to its shed soluble receptors may
mterfere with measurement of serum levels [13]. Our results
discount the value of the measurement of systemic TNF-o, IL-1
and IL-10 concentrations as acute markers of trauma and surgery.

In contrast, a direct relationship has been confirmed between
elevated levels of IL-6 and IL-8 and degree of injury [14]. In a
study evaluating clinical outcome in children following blunt
trauma, serum IL-8 level at admission was identified as a most
important determinant of postinjury mortality [15]. The increases
in IL-8 in our study were short-lived at 6 hour after surgery and
reflect that IL-8 is a chemokine that attracts polymorphonuclear
neutrophil cells and macrophages into the wound site. Typically,
at 24 h the neutrophil population is at its maximum, and the
activity of these neutrophils may play a critical role in recovery. It
has also been noted that systemic levels of IL-6 increase
immediately following trauma and that patients with the most
severe injuries have the highest levels [16]. A similar increase in
venous levels of IL-6 during reamed intramedullary nailing of the
femur was observed by Giannoudis et al. [17], and it is well
accepted that elective surgical procedures cause an acute rise in
venous levels of IL-6 in proportion to the magnitude and duration
of the procedure [18]. Our observations on the systemic release of
IL-6 concur with these investigations [19]. We found that IL-6
levels were increased at 6 and 24 h after surgery. This is in
agreement with a previous study in stable trauma patients [20].
On the other hand, sustained high levels of IL-6 have been
associated with increased severity of tissue injury and have
correlated with subsequent development of post injury complica-
tions [18,21].

IL-6 1s the principal regulator of most acute-phase protein genes
and regulates local and systemic inflammatory responses, includ-
ing the synthesis of hepatic acute-phase reactants like C-reactive
protein [22], [23]. We found increases in CRP like in II-6. It has
been suggested that IL-6 might partly be responsible for inducing
the coagulatory cascade [24], and a positive correlation between
IL-6 and prothrombin F1.2 concentrations has been noted [20].
F1.2 and PAP are accepted as specific markers of activation of the
coagulation and fibrinolytic systems [25], and the systemic levels of
these markers indicate the magnitude of tissue injury [26], [27].
Our results demonstrate a perioperative induction of these
markers. We assume that intramedullary pressure during instru-
mentation cause intravasation of medullary contents with high
levels of procoagulant factors [28], [29]. The perioperative
increases in F1.2 might also be caused by passage into the lung
of platelets that aggregate around fat emboli, thus inducing a
systemic coagulatory response [30].

The immediate elevations in F1.2 and PAP preceded the
increases in IL-6. The profile of F'1.2 and PAP was decreasing the
first postoperative day and then increasing until the 6the
postoperative day. We assume that an unbalanced consumption
and replenishment of coagulant and fibrinolytic factors explain the
decreases the first postoperative day, followed by a hypercoagu-
lable state that was prolonged after cessation of the inflammatory
state. These findings harmonize with others and indicate a
continuing procoagulant state even beyond hospital discharge in
several patients [31]. As there were no correlations, our findings
do not support the idea of a direct interaction between the
inflammatory and the coagulatory cascade system in stable
patients undergoing a major musculoskeletal trauma.
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Conclusion

Our study in stable patients undergoing a major musculoskeletal
trauma indicates inflammatory and coagulatory and fibrinolytic
responses with highest levels during the first postoperative day. But
the processes of inflammation on one hand and coagulation and
fibrinolysis on the other hand do not seem to affect each other.

References

1. Tidball JG (2005) Inflammatory processes in muscle injury and repair.
Am J Physiol Regul Integr Comp Physiol 288: R345-353.

2. Rankin JA (2004) Biological mediators of acute inflammation. AACN Clin
Issues15:3-17.

3. Aird WC (2003) The role of the endothelium in severe sepsis and multiple organ
dysfunction syndrome. Blood 101: 3765-3777.

4. Esmon CT (2005) The interactions between inflammation and coagulation.
Br J Haematol 131:417—430.

5. Lee CC, Marill KA, Carter WA, Crupi RS (2001) A current concept of trauma-
induced multiorgan failure. Ann Emerg Med 38:170-176.

6. Cheadle WG, Hershman SR, Wellhausen SR, Polk HC Jr (1991) HLA-DR
antigen expression on peripheral blood monocytes correlates with surgical
infection. Am J Surg 161:639-645.

7. Gando S, Kameue T, Matsuda N, Hayakawa M, Ishitani T, et al. (2002)
Combined activation of coagulation and inflammation has an important role in
multiple organ dysfunction and poor outcome after severe trauma. Thromb
Haemost 88:943-949.

8. Levi M, van der Poll T, Buller HR (2004) Bidirectional relation between
inflammation and coagulation. Circulation 109:2698-2704.

9. Bastian D, Tamburstuen MV, Lyngstadaas SP, Reikerds O (2008) Systemic and
local cytokine kinetics after total hip replacement surgery. Eur Surg Res 2008;
41(4):334-340.

10. Easton R, Balogh Z]J (2013) Peri-operative changes in serum markers after
trauma: A systematic review. Injury 45:934-941.

11. Neunaber C, Oestern S, Andruszkow H, Zeckey C, Mommsen P, et al. (2013)
Cytokine productive capacity of alveolar macrophages and Kupffer cells after
femoral fracture and blunt chest trauma in a murine trauma model. Immunol
Lett 152:159-66.

12. Giannoudis P, Tan H, Perry S, Tzioupis C, Kanakaris N (2010) The systemic
inflammatory response following femoral canal reaming using the reamer-
irrigator-aspirator (RIA) device. Injury 41:557-S61.

13. Sakamoto K, Arakawa H, Mita S, Ishiko T, Ikei S, et al. (1994) Elevation
ofcirculating interleukin 6 after surgery: factors influencing the serum level.
Cytokine 6: 181-186.

14. Mimasaka S, Funayama M, Hashiyada M, Nata M, Tsunenari S (2007)
Significance of levels of IL-6 and IL-8 after trauma: A study of 11 cytokines post-
mortem using multiplex immunoassay. Injury 38:1047-1051.

15. Ozturk H, Yagmur Y, Ozturk H (2008) The prognostic importance of serum IL-
Ibeta, IL-6, IL-8 and TNF-alpha levels compared to trauma scoring systems for
carly mortality in children with blunt trauma. Pediatr Surg Int 24:235-239.

16. Gebhard F, Pfetsch H, Steinbach G, Strecker W, Kinzl L, et al. (2000) Briickner
UB. Is interleukin 6 an early marker of injury severity following major trauma in
humans? Arch Surg 135:291-295.

PLOS ONE | www.plosone.org

Activation of Markers in Trauma

Acknowledgments

Authors would like to acknowledge Stine Bjornsen, Institute of Clinical
Medicine, Oslo University Hospital, Rikshospitalet.

Author Contributions

Performed the experiments: OR PB. Analyzed the data: OR. Contributed
reagents/materials/analysis tools: OR. OR PB. Conceived and designed
the experiments: OR PB. Wrote the paper: OR.

17. Giannoudis PV, Smith RM, Bellamy MC, Morrison JF, Dickson RA, et al.
(1999) Stimulation of the inflammatory system by reamed and unreamed nailing
of femoral fractures. ] Bone Joint Surg (Br) 81: 356-361.

18. Flohe S, Lendemans S, Schade F, Kreuzfelder E, Waydas C (2004) Influence of
surgical intervention on the immune response of severely injured patients
Intensive Care med 30:96-102.

19. Pape H-C, Schmidt RE, Rice J, van Griensven, M das Gupta R, et al. (2000)
Biochemical changes after trauma and skeletal surgery of the lower extremity:
Quantification of the operative burden. Crit Care Med 28:3441-3448.

20. Pape HC, Grimme K, Van Griensven M, Sott AH, Giannoudis P, et al. (2003)
Impact of intramedullary instrumentation versus damage control for femoral
fractures on immunoinflammatory parameters: Prospective randomized analysis
by the EPOFF Study Group. J Trauma 55:7-13.

21. Baigrie RJ, Lamont PM, Kwiatkowski D, Dallman M]J, Morris PJ (1992)
Systemic cytokine response after major surgery. Br J Surg 79:757-760.

22. Horn F, Henze C, Heidrich K (2000) Interleukin-6 signal transduction and
lymphocyte function. Immunobiology 202: 151-167.

23. Ramadori G, Christ B (1999) Cytokines and the hepatic acute-phase response.
Semin Liver Dis 19: 141-155.

24. Gando S, Nakanishi Y, Tedo I (1995) Cytokines and plasminogen activator
inhibitor-1 in posttrauma disseminated intravascular coagulation: Relationship
to multiple organ dysfunction syndrome. Crit Care Med 23: 1835-1842.

25. Jorgensen LN, Lind B, Hauch O, Leffers A, Albrecht-Beste E, et al. (1990)
Thrombin-antithrombin ITI-complex and fibrin degradation products in plasma:
Surgery and postoperative deep venous thrombosis. Thromb Res 59: 69-76.

26. Kwan HC (1984) Role of fibrinolysis in disease processes. Semin Thromb
Haemostas 10: 71-79

27. Dahl O, Aspelin T, Lyberg T (1995) The role of bone traumatization in the
initiation of proximal DVT during cemented hip replacement surgery in pigs.
Blood Coagul Fibrinolysis 6:709-717.

28. Riscborough EJ, Herndon J (1976) Alterations in pulmonary function,
coagulation and fat metabolism in patients with fractures of the lower limbs.
Clin Orthop Rel Res 115: 248-266.

29. Pape H-C, Regel G, Tscherne H (1998) Localinstrumentation after severe
trauma in sheep. J Trauma 45: 720728

30. Heim D, Regazzoni P, Tsakiris DA, Aebi T, Schlegel U, et al. (1995)
Intramedullary nailing and pulmonary embolism: Does unreamed nailing
prevent embolization? An in vivo study in rabbits. J Trauma 38:899-906

31. Arnesen H, Dahl OE, Aspelin T, Seljeflot I, Kierulf P, et al. (2003) Sustained
prothrombotic profile after hip replacement surgery: the influence of prolonged
prophylaxis with dalteparin. ] Thromb Haemost 1:971-975.

November 2014 | Volume 9 | Issue 11 | e107881



