
Accepted Manuscript

Fluid resuscitation with 0.9% saline alters haemostasis in an ovine
model of endotoxemic shock

Margaret R. Passmore, Nchafatso G. Obonyo, Liam Byrne, Ai-
Ching Boon, Sara D. Diab, Kimble R. Dunster, Yoke L. Fung,
Michelle M. Spanevello, Mohd H. Fauzi, Sanne E. Pedersen,
Gabriela Simonova, Chris M. Anstey, Kiran Shekar, John-Paul
Tung, Kathryn Maitland, John F. Fraser

PII: S0049-3848(19)30060-X
DOI: https://doi.org/10.1016/j.thromres.2019.02.015
Reference: TR 7287

To appear in: Thrombosis Research

Received date: 14 December 2018
Revised date: 22 January 2019
Accepted date: 11 February 2019

Please cite this article as: M.R. Passmore, N.G. Obonyo, L. Byrne, et al., Fluid
resuscitation with 0.9% saline alters haemostasis in an ovine model of endotoxemic shock,
Thrombosis Research, https://doi.org/10.1016/j.thromres.2019.02.015

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.thromres.2019.02.015
https://doi.org/10.1016/j.thromres.2019.02.015


AC
CEP

TE
D M

AN
USC

RIP
T

1 
 

 
 

Fluid resuscitation with 0.9% saline alters haemostasis in an ovine model of endotoxemic 

shock 

Margaret R Passmorea,b,*, Nchafatso G Obonyoa,c, Liam Byrnea,d, Ai-Ching Boona,b, Sara D 

Diaba, Kimble R Dunstera,e, Yoke L Funga,f, Michelle M Spanevellob,g, Mohd H Fauzih, Sanne E 

Pedersena, Gabriela Simonovaa,b,i, Chris M Ansteya,j, Kiran Shekara, John-Paul Tunga,i, Kathryn 

Maitlandc,k, John F Frasera,b 

aCritical Care Research Group, Prince Charles Hospital, Brisbane, Australia, bUniversity of 

Queensland, Brisbane, Australia, cKEMRI-Wellcome Trust Research Programme, Kenya, 

dIntensive Care Unit, The Canberra Hospital, Canberra, Australia, eQueensland University of 

Technology, Brisbane, Australia, fSchool of Health and Sport Sciences, University of the 

Sunshine Coast, Sippy Downs, Australia, gCancer Care Services, Royal Brisbane and Women’s 

Hospital, Brisbane, Australia, hSchool of Medical Sciences, Universiti Sains Malaysia Health 

Campus, Kelantan, Malaysia, iResearch and Development, Australian Red Cross Blood Service, 

Brisbane, Australia, jSunshine Coast University Hospital Intensive Care, Birtinya, Australia, 

kWellcome Trust Centre for Clinical Tropical Medicine and Department of Paediatrics, Faculty 

of Medicine, Imperial College, London, UK. 

*Corresponding author: Critical Care Research Group, Level 3, Clinical Sciences Building, The 

Prince Charles Hospital, Rode Rd, Brisbane, QLD, 4032, Australia. Email: 

M.Passmore@uq.edu.au 

Email addresses:  

Nchafatso G Obonyo: gnchafatso@gmail.com; Liam Byrne: liambyrne.syd@gmail.com; Ai-

Ching Boon: c.boon0207@gmail.com; Sara D Diab: sara_diab5@hotmail.com; Kimble R 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

2 
 

 
 

Dunster: Kimble.Dunster@health.qld.gov.au; Yoke L Fung: ylfung@usc.edu.au; Michelle M 

Spanevello: mmspanevello@gmail.com; Mohd H Fauzi: hashairi@usm.my; Sanne E Pedersen: 

sanne.pedersen.work@gmail.com; Gabriela Simonova; GSimonova@redcrossblood.org.au; 

Chris M Anstey: Chris.Anstey@health.qld.gov.au; Kiran Shekar: 

kiran.shekar@health.qld.gov.au; John-Paul Tung: JTung@redcrossblood.org.au; Kathryn 

Maitland: kathryn.maitland@gmail.com; John F Fraser: j.fraser@uq.edu.au  

 

Word count: 3460 

 

A part of this study was presented at HAA (Haematology Society of Australia and New Zealand, 

the Australian & New Zealand Society of Blood Transfusion and the Thrombosis and 

Haemostasis Society of Australia and New Zealand), Sydney, 2017 

 

 

 

 

 

 

 

 

 

ACCEPTED MANUSCRIPT

mailto:j.fraser@uq.edu.au


AC
CEP

TE
D M

AN
USC

RIP
T

3 
 

 
 

Abstract 

Introduction: Fluid resuscitation is a cornerstone of severe sepsis management, however there 

are many uncertainties surrounding the type and volume of fluid that is administered. The entire 

spectrum of coagulopathies can be seen in sepsis, from asymptomatic aberrations to fulminant 

disseminated intravascular coagulation (DIC). The aim of this study was to determine if fluid 

resuscitation with saline contributes to the haemostatic derangements in an ovine model of 

endotoxemic shock. 

Materials and Methods: Twenty-one adult female sheep were randomly divided into no 

endotoxemia (n=5) or endotoxemia groups (n=16) with an escalating dose of lipopolysaccharide 

(LPS) up to 4 µg/kg/hr administered to achieve a mean arterial pressure below 60mmHg. 

Endotoxemia sheep received either no bolus fluid resuscitation (n=8) or a 0.9% saline bolus (40 

mL/kg over 60 minutes) (n=8). No endotoxemia, saline only animals (n=5) underwent fluid 

resuscitation with a 0.9% bolus of saline as detailed above. Hemodynamic support with 

vasopressors was initiated if needed, to maintain a mean arterial pressure (MAP) of 60-65mmHg 

in all the groups.  

Results: Rotational thromboelastometry (ROTEM®) and conventional coagulation biomarker 

tests demonstrated sepsis induced derangements to secondary haemostasis. This effect was 

exacerbated by saline fluid resuscitation, with low pH (p = 0.036), delayed clot initiation and 

formation together with deficiencies in naturally occurring anti-coagulants antithrombin (p = 

0.027) and Protein C (p = 0.001).  
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Conclusions: Endotoxemia impairs secondary haemostasis and induces changes in the intrinsic, 

extrinsic and anti-coagulant pathways. These changes to haemostasis are exacerbated following 

resuscitation with 0.9% saline, a commonly used crystalloid in clinical settings. 

Keywords: sepsis, thromboelastometry; coagulation, fibrinogen, coagulation factors 

Abbreviations: aPTT: activated partial thromboplastin time, AT: antithrombin, CFT: clot 

formation time, CT: clotting time, CVP: central venous pressure, DIC: disseminated 

intravascular coagulation, Hb: haemoglobin, Hct: haematocrit, LPS: lipopolysaccharide, MAP: 

mean arterial pressure, MCF: maximum clot firmness, PLT: platelets, PT: prothrombin time, 

RCC: red cell count, ROTEM: rotational thromboelastometry, TEG: thromboelastography, 

WCC: white cell count. 
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Introduction 

Sepsis is a global syndrome that remains the leading cause of mortality in critical illness, with an 

international assessment showing a hospital mortality rate of 35.3% [1]. Recently revised 

definitions characterize sepsis as life-threatening organ dysfunction due to a dysregulated host 

response to infection. Septic shock is defined as a subset of sepsis in which particularly profound 

circulatory, cellular, and metabolic abnormalities substantially increase mortality [2]. 

Hemodynamic support to prevent onset and/or progression of end-organ failure is one of the 

foundations for the acute management of sepsis however there are many uncertainties 

surrounding the type and volume of fluid that is administered. Historically, the recommended 

standard of care was to administer large volumes of fluid to achieve a central venous pressure 

(CVP) of 8-12 cmH2O [3, 4] yet there is no high quality randomized control trial evidence to 

support this. This has been superseded by multi-centre trials that demonstrated that aggressive 

fluid resuscitation does not improve the outcome of patients with severe sepsis and septic shock 

[5, 6]. In addition, observational studies have shown administration of more than 5 L during the 

first ICU day [7] and a higher cumulative fluid balance at day three [8] are associated with a 

significantly increased risk of death.  

Coagulopathy is highly prevalent in sepsis and can be complex, ranging from minor 

changes to fulminant disseminated intravascular coagulation (DIC) characterized by widespread 

microvascular thrombosis, profuse bleeding and amplification of the inflammatory response 

through the release of inflammatory cytokines and growth factors [9, 10]. Reliable markers of 

coagulopathy in sepsis are important; however conventional coagulation tests such as 

prothrombin time (PT) and activated partial thromboplastin time (aPTT) may not fully reflect the 

complex haemostatic disturbances seen in these patients. As a result, viscoelastic whole blood 
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tests using thromboelastography (TEG) and/or thromboelastometry (ROTEM) are gaining in 

popularity. ROTEM is an ex vivo test that provides information on the dynamics of clot 

development, stabilization and dissolution. Several studies have used ROTEM and/or TEG to 

detect hyper- or hypo-coagulability in sepsis with variable results [11, 12]. A systematic review 

of the utility of point-of-care devices in adults with sepsis concluded they may be useful in 

diagnosing coagulation alterations, including DIC, but further research was warranted, 

particularly sequential measurements given the dynamic process of coagulopathy in sepsis [13]. 

Our study aimed to utilize ROTEM testing alongside conventional methods to discern 

how fluid resuscitation contributes to the haemostatic changes seen in septic shock. We 

developed an ovine model of lipopolysaccharide (LPS) induced shock to investigate the impact 

of bolus fluid resuscitation with 0.9% saline vs no resuscitation. We hypothesized that saline 

boluses would significantly increase the haemostatic changes seen during ovine endotoxemia. 

 

Materials and methods 

Ovine model of endotoxemic shock 

This study was approved by the Animal Research and Ethics Committee of the Queensland 

University of Technology and The University of Queensland (Approval no. 1400000032) and 

adhered to the Australian Code of Practice for the Care and Use of Animals for Scientific 

Purposes 8th Edition 2013 of the National Health and Medical Research Council (NHMRC). 

Twenty-one adult female Merino sheep weighing 34-59 kg were randomly divided into three 

groups (Fig. 1). All sheep had a multilumen central venous catheter and 8 Fr sheath placed in the 

left internal jugular vein under local anaesthesia and were anaesthetized with midazolam (Pfizer, 

NSW, Australia) (0.5 mg/kg/i.v), buprenorphine (Reckitt Benckiser Healthcare, Hull, U.K) (300 
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µg i.v) and alfaxalone (Jurox, NSW, Australia)  (3 mg/kg/i.v). Animals were subsequently 

intubated with an orotracheal tube and mechanically ventilated with central venous, facial artery 

and pulmonary artery catheters inserted to enable drug administration, cardiovascular monitoring 

and blood sampling. Sheep were randomly divided into two groups receiving either no 

endotoxemia (n=5) or endotoxemic shock (n=16) induced by administration of an escalating 

dose LPS (E coli serotype O55:B5 10µg/ml) (Sigma-Aldrich, St Louis, USA) up to 4 µg/kg/hr 

(total LPS dose 11.25 µg/kg) as per our previously validated model [14]. Adequate endotoxemia 

was confirmed by the occurrence of systemic hypotension with a mean arterial pressure (MAP) 

less than 60 mmHg after 3 hours of the endotoxin infusion. In the final hour endotoxemic sheep 

received either no bolus fluid resuscitation (endotoxemia only) (n=8) or a 0.9% saline bolus 

(n=8) (40 mL/kg over 60 minutes) (endotoxemia + saline). No endotoxemia, saline only animals 

underwent resuscitation with a 0.9% bolus of saline as detailed above. Post-fluid resuscitation, 

both groups were monitored for 12 hours and received the same protocolised vasopressor and 

ventilator respiratory support. Vasopressor support consisted of noradrenaline started 60 µg/mL 

in 5% dextrose (Hospira, Lake Forest, IL, USA) to maintain a MAP between 60-65 mmHg. If 

noradrenaline reached a predetermined 20 µg/min, vasopressin (PPC, Richmond Hill, ON, 

Canada) was commenced at 0.8 units/hr and increased to a maximum of 1.6 units/hr if 

hypotension persisted. The administration protocol was the same for both groups. All animals 

were euthanized after 12 hours. 

Blood sampling 

Arterial blood samples were collected at baseline, pre LPS infusion (or saline only) (T1), post 

endotoxemia/pre saline resuscitation (T2) and post saline resuscitation at 0, 1, 3, 6, 9 and 12 hrs. 

Blood samples for ROTEM® analysis were collected in 3.2% sodium citrate tubes (Greiner Bio-
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One, Amata Nakorn, Chonburi, Thailand) and full blood examination in EDTA tubes (Greiner 

Bio-One, Kremsmünster, Austria). Citrated blood samples for routine and specialized 

coagulation tests were centrifuged twice for 15 minutes at 3000 x g to obtain platelet poor 

plasma and subsequently stored at -80 °C until analysis. 

 

Hemogram and routine coagulation tests 

A hemogram using the veterinary mode of the Act diff™ haematology analyser (Beckman 

Coulter Australia Pty Ltd, NSW, Australia) was used to assess the white cell count (WCC), 

haemoglobin (Hb) and platelet count (Plt). Prothrombin time (PT), activated partial 

thromboplastin time (aPTT), antithrombin (AT), Clauss fibrinogen [Fib(C)], protein C, protein S 

(free) and coagulation factors V, VII, VIII and X were assessed on the Stago STAR Evolution 

analyser (Diagnostica Stago, Doncaster, VIC, Australia) following the manufacturer’s 

instructions. 

Rotational thromboelastometry (ROTEM®) 

Whole blood clot formation profiles were recorded by ROTEM® Thromboelastometry 

(ROTEM®, Haemoview Diagnostics, Brisbane, Australia) with the EXTEM (thromboplastin-

initiated coagulation), INTEM (contact factor-initiated coagulation) and FIBTEM 

(thromboplastin-initiated coagulation with the platelet inhibitor cytochalasin D) activating 

reagents in accordance with the manufacturer's instructions. Parameters evaluated included 

clotting time (CT), clot formation time (CFT) and maximum clot firmness (MCF). 

Statistical analysis 

Data are presented as mean ± standard error of mean (SEM). A multivariable mixed effects 

linear regression model was fitted to determine the effect of the experimental group on each 
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outcome, including random effects for sheep and time. All analyses took into account potential 

confounders including weight of sheep at baseline and fluid balance. A p value ≤ 0.05 was 

considered significant. Statistical analyses were performed using STATATM (StataCorp, TX, 

USA) statistical software package (version 13). 

Results 

Physiological, haematological and coagulation parameters 

Significant decreases in pH (Fig. 2A) below the normal range for ovine pH (7.32-7.5) were seen 

with endotoxemia (p = 0.004) compared to saline only with a further reduction in saline-treated 

endotoxemia (p = 0.036). There was no change in ionized calcium (Fig. 2B) or body temperature 

(Fig. 2C) in any of the groups. There was a significant positive fluid balance for saline only and 

endotoxemia + saline animals post saline resuscitation (Fig. 2D). The mean ± SEM of all 

haematological and plasma based coagulation parameters are described in Table 1 at selected 

time points. Baseline measurements for full blood examination, routine and specialized 

coagulation tests did not differ significantly across the experimental groups. WCC decreased in 

all groups but did not differ between groups while Hb was significantly decreased up to 1hr post 

resuscitation in animals that received saline compared to no resuscitation. Administration of LPS 

resulted in a decrease in platelet counts in endotoxemia animals. Standard coagulation tests 

revealed a prolonged PT and aPTT in the endotoxemia + saline group compared to endotoxemia 

only. The levels of fibrinogen and protein C were also lower with endotoxemia while AT and 

protein C were further decreased in endotoxemia + saline animals. Although the levels of factor 

VII decreased there was no significant difference between the groups while coagulation factors 

V, VIII and X were decreased in all endotoxemia groups. 
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Table 1 Routine and specialized haemostatic parameters by experimental group at selected time points 

  Saline only Endotoxemia only Endotoxemia + resuscitation 

Mean (±SEM) Baseline 6HR 12HR 6HR 12HR 6HR 12HR 

Full blood examination        

   WCC (x109/L) 7.5 (0.36) 3.0 (0.3) 3.0 (0.7) 3.7 (0.4) 4.6 (0.8) 3.5 (0.7) 3.7 (0.8) 

   Hb (g/L) 95 (3) 77 (5) 85 (6) 89 (7) 86 (6)a 97 (7) 90 (8)a 

   Plt (x109/L) 351 (38) 282 (36) 312 (42) 162 (27) 125 (26)a 120 (20) 91 (12)a 

Routine coagulation tests        

   PT (s) 13 (0.3) 21.6 (1.1) 25.4 (1.5) 24.9 (1.2) 34.3 (1.7) 31.5 (1.7) 52 (4.6)b 

   aPTT (s) 29 (1.5) 38 (3) 42 (3) 42 (3) 52 (5) 51 (5) 75 (11)b 

   Fibrinogen (g/L) 1.7 (0.1) 1.3 (0.02) 1.4 (0.04) 0.6 (0.1) 0.4 (0.1)a 0.5 (0.03) 0.4 (0.01)a 

Specialized coagulation tests        

   Protein C (U/mL) 0.55 (0.02) 0.42 (0.05) 0.36 (0.04) 0.25 (0.02) 0.20 (0.01)a 0.18 (0.03) 0.11 (0.02)a,b 

   Protein S (free) (U/mL) 1.85 (0.03) 1.15 (0.06) 1.07 (0.08) 1 (0.03) 0.81 (0.05) 0.86 (0.09) 0.56 (0.08) 
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   AT (U/mL) 0.91 (0.03) 0.55 (0.03) 0.5 (0.04) 0.5 (0.03) 0.42 (0.02) 0.4 (0.02) 0.24 (0.04)b 

   FV (U/mL) 5.01 (0.27) 4.59 (0.25) 4.92 (0.2) 3.14 (0.24) 2.42 (0.26)a 2.77 (0.31) 1.6 (0.25)a 

   FVII (U/mL) 0.13 (0.01) 0.06 (0.004) 0.05 (0.004) 0.05 (0.004) 0.03 (0.003) 0.05 (0.01) 0.03 (0.004) 

   FVIII (U/mL) 6.70 (0.28) 5.08 (0.41) 5.02 (0.29) 2.41 (0.41) 2.39 (0.42)a 2.17 (0.33) 1.83 (0.32)a 

   FX (U/mL) 0.12 (0.02) 0.06 (0.004) 0.05 (0.003) 0.05 (0.003) 0.04 (0.003)a 0.02 (0.002) 0.02 (0.01)a 

ap < 0.05 compared with saline only; bp < 0.05 compared with endotoxemia only. aPTT indicates activated partial thromboplastin time; AT, antithrombin; 

 Hb, haemoglobin; Plt, Platelet; PT, prothrombin time; WCC, white cell count. 
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Thromboelastometry 

INTEM 

Endotoxemic animals had a prolonged INTEM-CT, and –CFT compared to saline only (Fig. 3). 

These parameters were further protracted in the endotoxemia + saline group. MCF was 

correspondingly decreased in endotoxemia groups compared to saline only and was additionally 

prolonged in endotoxemia + saline animals compared to endotoxemia only. 

EXTEM 

EXTEM-CT and -CFT was prolonged in the endotoxemia groups and further prolonged in the 

endotoxemia + saline group compared to endotoxemia only (Fig. 4). MCF was decreased in both 

endotoxemia groups compared to saline only.  

FIBTEM 

FIBTEM-CT was prolonged in the endotoxemia + saline group compared to endotoxemia only 

(Fig. 5). CFT was unchanged across all groups while -MCF was decreased after endotoxin 

administration in both endotoxemia groups compared to saline only.  

Discussion 

This ovine model confirms that while endotoxemia disrupts haemostasis, saline resuscitation 

augments this disruption by delaying clot initiation and formation. Poor fibrin clot quality, as a 

result of inadequate fibrinogen availability or fibrin was not affected further by saline 

resuscitation but was due to endotoxemic shock alone. 

Resuscitation with saline results in hemodilution, as evidenced by decreased 

haemoglobin levels up to one hour post infusion. This may account for the initial haemostatic 
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changes post-resuscitation, however, these persist up to 12 hours following saline bolus 

suggesting that fluid resuscitation itself is exacerbating these changes. Saline has been shown to 

be associated with deleterious effects including normal anion gap metabolic acidosis, immune 

suppression [15] and decreased renal perfusion [16, 17]. Moreover, animal models of trauma and 

haemorrhage have shown saline is associated with dilutional acidosis linked to impaired 

thrombin generation and fibrin polymerization [18, 19] suggesting a potential mechanism for 

these changes.  

Platelets have a central role in the development of coagulation abnormalities in sepsis. 

Thrombocytopenia has been shown to be associated with increased mortality in patients with 

sepsis [20] potentially affected by decreased platelet production, enhanced consumption, 

obliteration, or sequestration in the spleen [21]. Consistent with the literature, this model showed 

that LPS-induced sepsis caused a significant decrease in platelet numbers, which was not 

exacerbated by saline resuscitation.  

In this animal model, saline resuscitation did prolong aPTT tests, which are sensitive to 

the initiation rather than propagation phase of hemostasis [11]. Thromboelastometry 

measurements using ROTEM verify this result with prolonged INTEM-CT’s, potentially 

reflecting a reduction in coagulation factors or impaired fibrin polymerization as a result of 

acidosis [18]. The serial measurements clearly show that bolus saline resuscitation caused 

deterioration of all the INTEM parameters over time. This shows that the hemostatic disruption 

induced by saline resuscitation is not immediate but delayed. CFT was also lengthened with 

saline resuscitation, together with a corresponding reduction in MCF amplitude, consistent with 

thrombocytopenia/platelet dysfunction or a fibrinogen deficiency/fibrin polymerization disorder. 

These results corroborate previous studies showing endotoxemia prolongs CFT and leads to a 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

15 
 

 
 

reduced MCF [22]. Factor VIII is an acute-phase reactant and is expected to increase in response 

to inflammation. Thus, the reduced factor VIII levels seen with endotoxemia likely indicate acute 

concomitant consumption of this factor. As SAMM/Border Leicester Cross sheep have 

significantly higher baseline levels of factor VIII [23] this change may be more readily detected 

in sheep. Results from our study demonstrate that while endotoxemic shock is associated with a 

decrease in circulating factor VIII, this is unaffected by saline resuscitation. Normal saline 

contains no cells or plasma and it appears to have little active interference on factor VIII activity. 

Although there are alterations to the intrinsic pathway with sepsis, studies indicate that 

the extrinsic pathway is the main pathway through which sepsis activates the coagulation system, 

via tissue factor/factor VII activation [24, 25]. Results from our study confirm a reduction in 

factor VII levels although surprisingly there was no difference between the groups. A decrease 

indicates conversion of factor VII to its active form and thus activation of this factor and of the 

extrinsic pathway of blood coagulation. This reduction of factor VII may have been due to a 

combination of consumption and activation as a result of instrumentation and surgery.  

Endotoxemia + saline animals had a prolonged PT compared to endotoxemia only. EXTEM 

measurements confirm these results with a prolonged CT and CFT. This coagulation 

derangement may be a dilutional effect at the time of fluid resuscitation [26] or alternatively it 

could be linked with the impairment of thrombin formation and fibrin polymerization by the 

administration of a large crystalloid volume [27]. The fact that these changes persist up to 12 

hours post infusion however suggests saline resuscitation has a longer-term impact on hemostasis 

affecting pro- and anti- coagulant factors of the extrinsic pathway. 

Measurement of the common pathway show factor V and X decreased in endotoxemic 

shock, thus providing evidence for activation and protein consumption of the final pathway of 
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blood coagulation. In the endotoxemia group of animals it is likely that the reduced levels of 

factors VII and X led to a delay in thrombin generation, thereby leading to decreased levels of 

factor V and VIII and platelet phospholipids. Our study also confirms that ovine fibrinogen 

levels correlate well with whole blood fibrinogen function as measured by ROTEM with a 

decrease in fibrinogen and clot firmness with endotoxemic shock. As the FIBTEM test removes 

the platelet contribution to clot amplitude, the FIBTEM-MCF provides a direct measure of the 

quality of the fibrinogen/fibrin based clot, confirming a fibrinogen deficiency or fibrin 

polymerization disorder in the endotoxemia groups. The results indicate that endotoxemia 

compromises the host’s ability to recover fibrinogen function. Saline resuscitation did not affect 

clot firmness, however lead to a prolongation in clot initiation. Whether the host is able to 

recover baseline levels of fibrinogen level and function after 12 hours remains to be investigated. 

Fibrinogen is an acute-phase protein, often with normal or even increased plasma levels during 

the early stages of sepsis and DIC development. Some studies have suggested low levels of 

fibrinogen can be used to diagnose the late severe consumptive stage of DIC [22]. 

Levels of the naturally occurring anticoagulant protein C were lower in endotoxemic 

animals. This impaired function of the anticoagulant system was further aggravated with saline 

resuscitation with decreases in protein C and antithrombin levels. Reports in the literature have 

shown low plasma levels of both protein C and antithrombin in septic patients often relates to 

outcome [28, 29]. The dysfunction in anti-coagulant mechanisms in endotoxemia, in particular 

antithrombin, may be due to consumption and impaired hepatic synthesis and degradation by 

elastase from activated neutrophils [30]. Levels of protein C and its cofactor protein S are often 

reduced in sepsis [31] possibly due to impaired synthesis and degradation by neutrophil elastase 

with downregulation of thrombomodulin at the endothelial surface, mediated by pro-
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inflammatory cytokines [30]. There is extensive cross-talk between inflammatory cytokines and 

coagulation products and previous work by our group show endotoxemia induced increases in 

TNF-α, IL-1β, IL-8, IL-6 and IL-10 in plasma [32]. Our group has also demonstrated bolus 

saline resuscitation results in increased vasopressor requirements and may be associated with 

endothelial glycocalyx degradation, a carbohydrate-rich layer coating the endothelial cell surface 

[32] suggesting a potential mechanism for these changes. Antithrombin, protein C and tissue 

pathway factor inhibitor are present in the glycocalyx so its degradation may also compromise 

anti-coagulant properties [33]. 

Limitations 

The study design allowed us to test the independent effects of endotoxemia and saline 

resuscitation on haemostasis in a controlled fashion. As with any animal model, species-

associated limitations were present in this study as plasma assays (FV, FVII, FVIII, FX, AT, 

protein C, protein S) were referenced against human calibration plasma with assigned values 

traceable to National Institute for Biological Standards and Control standards. Secondly, there 

are differences in ovine secondary haemostasis with sheep having higher levels of FVIII and 

lower levels of protein C [23]. Thirdly, we only assessed a single fluid with one dose. This limits 

the conclusions that can be drawn and future studies will be required to establish additional fluid 

and dose interactions. Finally, this study was limited by lack of data on platelet function, 

however previous studies show significantly reduced platelet aggregation in patients with sepsis 

compared with the saline controls [34-36]. 

Conclusion 

In this model of endotoxemic shock, saline resuscitation produced secondary 

derangements in coagulation compounding the changes seen with endotoxemia alone. Saline 
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resuscitation resulted in delayed initiation of haemostasis with reduced clot firmness, reflecting 

low platelets and fibrin activity. Moreover, it also reduced levels of naturally occurring anti-

coagulants. Both these effects persisted 12 hours after resuscitation suggesting saline 

resuscitation may produce delayed temporally distant changes in haemostasis, confirming the 

potential detrimental effect of using saline as a resuscitation fluid. Longer duration studies are 

required to characterise the haemostatic changes beyond 12 hours. The potential of point-of-care 

coagulation tests for guiding haemostatic management during sepsis warrants further 

exploration. 
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Figure Captions 

Fig. 1. Schematic overview of the experimental plan. 

Fig. 2. The effect of saline resuscitation on physiological parameters. Endotoxemia + saline 

altered pH (A) compared to endotoxemia only while there was no change in ionized calcium (B) 

or body temperature (C). There was a significant increase in the volume of fluid administered 

during resuscitation for saline only and endotoxemia + saline animals (D). Data are presented as 

mean ± SEM. *p < 0.01 versus saline only; #p < 0.05 versus endotoxemia only; $p < 0.05 versus 

endotoxemia only. n = 5 saline only, n = 8 endotoxemia only, n = 8 endotoxemia + saline. LPS = 

lipopolysaccharide; B = baseline. 

Fig. 3. The effect of saline resuscitation on INTEM parameters. INTEM-CT (A) and –CFT (B) 

were prolonged in endotoxemia + saline compared to endotoxemia only. INTEM-MCF (C) was 

subsequently lower in endotoxemic animals compared to saline only and lower in the 

endotoxemia + saline group compared to endotoxemia only.  Data are presented as mean ± SEM. 

*p < 0.01 versus saline only; #p < 0.01 versus endotoxemia only; $p = 0.05 versus endotoxemia 

only. n = 5 saline only, n = 8 endotoxemia only, n = 8 endotoxemia + saline. LPS = 

lipopolysaccharide; B = baseline. 

Fig. 4. The effect of saline resuscitation on EXTEM parameters. EXTEM-CT (A) and –CFT (B) 

were prolonged in endotoxemia + saline compared to endotoxemia only. EXTEM-MCF (C) 

decreased in endotoxemic animals compared to saline only. Data are presented as mean ± SEM. 

*p < 0.05 versus saline only; #p < 0.01 versus endotoxemia only. n = 5 saline only, n = 8 

endotoxemia only, n = 8 endotoxemia + saline. LPS = lipopolysaccharide; B = baseline. 
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Fig. 5. The effect of saline resuscitation on FIBTEM parameters. FIBTEM-CT (A) was 

prolonged in endotoxemia + saline animals compared to endotoxemia only while FIBTEM-CFT 

(B) was unchanged. FIBTEM-MCF (C) was decreased after LPS was established in both 

endotoxemic groups compared to saline only. Clauss fibrinogen (D) strongly correlated with 

FIBTEM-MCF. Data are presented as mean ± SEM. *p < 0.001 versus saline only; #p < 0.01 

versus endotoxemia only. n = 5 saline only, n = 8 endotoxemia only, n = 8 endotoxemia + saline. 

LPS = lipopolysaccharide; B = baseline.  
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Highlights: 

 Fluid resuscitation results in prolonged prothrombin time and aPTT 

 Fluid resuscitation results in decreased levels of antithrombin and Protein C 

 ROTEM clotting time and clot formation time are prolonged with fluid 

resuscitation 
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