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Abstract: In the field of otolaryngology—head and neck surgery (ENT), coagulopathies present
unique diagnostic and therapeutic challenges. In both hyper- and hypocoagulable patients, manage-
ment of coagulopathies requires intricate attention to the nature of hemostatic competence. Common
coagulation tests (CCTs) offer only a snapshot of hemostatic competence and do not provide a clear
insight into the patient’s real-time hemostatic condition. Viscoelastic tests (VETs) offer a holistic and
concurrent picture of the coagulation process. Although VETs have found prominent utilization in
hepatic transplants, obstetrics, and emergent surgical settings, they have not been fully adopted in the
realm of otolaryngology. The objective of this manuscript is to provide an overview of the literature
evaluating the current utilization and possible future uses of VETs in the field of otolaryngology. The
authors performed a comprehensive literature search of the utilization of VETs in otolaryngology and
identified applicable studies that included descriptions of viscoelastic testing. Twenty-five studies
were identified in this search, spanning topics from head and neck oncology, microvascular free
flap reconstruction, obstructive sleep apnea, adenotonsillectomy, facial trauma, and epistaxis. The
applicability of VETs has been demonstrated in head and neck oncology and microvascular free flap
management, although their pervasiveness in practice is limited. Underutilization of VETs in the
field of otolaryngology may be due to a lack of familiarity of the tests amongst practitioners. Instead,
most otolaryngologists continue to rely on CCTs, including PT, PTT, INR, CBC, fibrinogen levels, and
thrombin time. Learning to perform, interpret, and skillfully employ VETs in clinical and operative
practice can greatly improve the management of coagulopathic patients who are at increased risk of
bleeding or thrombosis.

Keywords: thromboelastography; rotational thromboelastometry; otolaryngology; head and neck
surgery; head and neck oncology; microvascular free flap reconstruction; obstructive sleep apnea;
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1. Epidemiology, Definition, and Utilization of VETs in ENT

The intricate nature of hemostatic competence permeates through the field of otolaryn-
gology—head and neck surgery. The field encompasses major surgeries that have a predilec-
tion for dynamic hemorrhagic complications involving facial trauma surgery, microvascular
free flap reconstruction, and head and neck cancer resection. Otolaryngology encompasses
a broad range of patients, meaning practitioners encounter patients at risk for bleeding
due to an array of factors, such as therapeutic anticoagulation. Furthermore, some patients
may be more susceptible to thrombosis due to an underlying malignancy or due to social
and environmental risk factors. With a wide range of potential etiologies for coagulopathy,
otolaryngologists must have intimate knowledge of resuscitation and hemostasis strate-
gies [1]. However, perioperative hematologic evaluation is a topic largely unexplored in
the otolaryngologic bodies of literature [2].

Viscoelastic tests (VETs) such as thromboelastography (TEG) and rotational thromboe-
lastometry (ROTEM) have long been methods of guiding blood component therapy (BCT)
and pro-hemostatic agents in hepatic and cardiac transplantation [3,4]. Recently, VETs have
been widely adopted for the diagnosis and management of trauma-induced coagulopathy
and bleeding conditions [5–7]. Although there is emerging literature on the utilization of
VETs in otolaryngologic surgery, the purpose of this manuscript was to review the current
and future applications of VETs in ENT.

1.1. Inadequacy of Common Coagulation Tests Specific to ENT

Prothrombin time (PT), international normalized ratio (INR), activated partial throm-
boplastin time (aPTT), Clauss fibrinogen concentration, and platelet count are examples
of common coagulation tests (CCTs). However, these CCTs are limited in their ability to
assess hemostatic competence, and most notably fail to assess platelet function, Factor XIII
activity, and von Willebrand’s factor. This is a significant limitation, as von Willebrand’s
disease and other platelet function disorders are common within the general population.
Furthermore, elderly patients on anticoagulation regimens and patients who have large
intraoperative hemorrhage or chronic inflammatory states may also pose increased risk
for bleeding; yet, these conditions are not well evaluated with CCTs [8]. For these reasons,
broad screening of INR/aPTT and platelet count are insufficient methods of identifying pa-
tients with an elevated bleeding risk while undergoing head and neck surgeries [9–12]. To
guide transfusion of blood products, Thiele et al. recommends the assessment of dynamic
coagulation factor consumption and coagulopathic risk [1]. CCTs are not well suited to
evaluate this dynamic state, however, VETs are suitable to monitor the real-time dynamic
factors affecting a patient’s hemostatic competence. The utility of VETs stems from their
ability to provide a broader assessment of the blood clot lifespan, starting with initiation,
amplification, propagation, and to eventual lysis/remodeling of the clot. The ability of VETs
to provide the physician with an abundance of real time information about the patient’s
hemostatic state is not offered by CCTs [5,13].

1.2. Principles of TEG and ROTEM

The earliest use of VETs was as a holistic assay to analyze hemostatic function. These
tests are engineered to utilize rotation of either the cup (in TEG) or the pin (in ROTEM) to
measure tension as an indicator of clot strength from clot initiation to clot lysis [5].

1.2.1. TEG

When performing an assessment using TEG, a cup containing 0.36 mL of blood rotates
4.45 degrees at 10 s intervals. As coagulation begins, a bond between the fibrin and the
pin is initiated and the tension on the wire increases. This tension is a function of clot
strength, which is plotted on the y-axis and time is displayed on the x-axis. The plot
provides a depiction of the clot’s evolution. A normal example tracing of a TEG graph is
demonstrated in Figure 1. The TEG variables include reaction time (R), clot kinetics (K),
α-angle, maximum amplitude (MA), and lysis at 30 min (LY30) [5,14]. ROTEM has a similar
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graph framework and the nuance between TEG and ROTEM will be discussed further in
the next section.
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Figure 1. Depiction of a normal thromboelastography (TEG)/rotational thromboelastometry
(ROTEM) tracing. The blue abbreviations represent the parameter labels for TEG, whereas the
red abbreviations represent the parameter labels for ROTEM. Many of these parameters are represen-
tations of the same measurements between the two instruments, only with different nomenclature.
Reaction time (R) and clot time (CT) are both the measurement of how long it takes for the transducer
to be displaced 2 mm on the y-axis. Clot kinetics (K) and clot formation time (CFT) specify the amount
of time it takes for the clot amplitude to grow to 20 mm after initial 2 mm clot growth. K and CFT
represent initial clot strength and clot formation kinetics respectively. Alpha (α)-angle, in both TEG
and ROTEM, represents the angle formed between the horizontal axis and the line formed from
0–20 mm amplitude. α-angle is calculated and utilized to measure the rate at which clot formation
occurs. A10 is the amplitude reached 10 min after CT. Maximum amplitude (MA) and maximum clot
firmness (MCF) refer to the clot’s maximum strength and are a measurement of the platelet–fibrin
interaction. Lysis index at 30 min (LI30), a parameter unique to ROTEM, represents the percentage of
MCF remaining 30 min after CT. Lysis at 30 min (LY30), a TEG parameter, refers to the percentage
decrease in maximal clot amplitude 30 min after MA is achieved. Maximum lysis (ML) refers to the
percentage decrease in clot amplitude measured at the end of the run [5,14,15].

1.2.2. ROTEM

When comparing TEG and ROTEM, the key difference is that with ROTEM, the cup is
stationary, and the pin rotates. The same measurements and tracing are created by both
tests. However, the ROTEM utilizes a different set of nomenclature for each variable. For
instance, clot time (CT) corresponds to R in TEG, clot formation time (CFT) equates to K,
and maximum clot firmness (MCF) is analogous to MA. Clot amplitude at 5 and 10 min
(A5/A10), measured at 5 and 10 min after the end of CT, respectively, is only measured in
ROTEM. Lysis index at 30 min (LI30) is not the same as LY30. LI30 represents residual clot
firmness 30 min following CT, depicted as a fractional percentage of MCF. Maximum lysis
(ML) denotes the lysis detected as a percentage of the MCF during the run time and at the
conclusion of the test [5,16,17].

1.2.3. Analysis of ROTEM/TEG

The value of TEG and ROTEM is their ability to guide the transfusion of blood products
tailored to a patient’s specific requirements and provide the physician with information that
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may necessitate an alteration in BCT. For example, if a patient’s tracing shows a long R/CT
in hyperfibrinolysis, then fresh frozen plasma (FFP) is used. In the setting of a decreased
α-angle, cryoprecipitate or fibrinogen concentrate is transfused. If the patient demonstrates
a narrow MA/MCF, then platelets or fibrinogen are given [18]. When the LY30/ML
is increased or the LI30 is decreased, then tranexamic acid (TXA) can be given [5,19,20].
Collectively, these parameters provide clinicians a comprehensive evaluation of coagulation
which can be used to evaluate and treat a patient’s coagulopathy [21].

1.3. Adoption of VETs in Otolaryngology

Although viscoelastic testing has been adopted in various other surgical settings,
including cardiovascular surgeries, liver transplants, and obstetrics [22], there is a dearth
of literature regarding VETs in the realm of otolaryngology. VETs can be used to moni-
tor patient coagulopathies while simultaneously allowing for point-of-care resuscitation
assessment. Moreover, they help to prevent volume overload, which can often worsen
coagulopathies when trying to correct hemorrhagic shock [5,23–26]. Additionally, hemo-
static adjunctive therapy (HAT), with agents such as prothrombin complex concentrate,
cryoprecipitate, soluble fibrinogen, TXA, and desmopressin, can be guided by VETs for
anticoagulant reversal in emergent scenarios [27].

As previously discussed, VETs play a valuable role in BCT and HAT in severely
hemorrhagic patients requiring massive blood transfusion. These patients are encountered
during the practice of an otolaryngologist, whether in the operative theater, in the medical
ward, or within the intensive care unit. Knowledge and implementation of VETs by the
care team can guide, with greater accuracy, the replacement of blood components with
FFP, prothrombin complex concentrate (PCC), cryoprecipitate, fibrinogen, and platelets.
For example, R/CT and α-angle characteristics can guide the dosing of PCC, FFP, and
cryoprecipitate. Additionally, analyzing VET values with particular emphasis on the
R/CT can help to establish a baseline to follow when dosing PCC [20]. Furthermore,
patients on antiplatelet drugs have higher rates of postoperative hemorrhage and are
sometimes encountered by the otolaryngologist [28–30]. In these instances, MA/MCF
parameters can guide platelet infusion [5]. For patients on anticoagulation medication
who require emergent surgery, treatment with specific antidotes such as protamine for
heparin, FFP and PCC for warfarin, and specific direct oral anticoagulant (DOACs) reversal
agents can reverse coagulopathy. These can be administered with better precision from
specialized VETs [31–33]. Thus, TEG and ROTEM provide expedient and effective point-of-
care assessment of the need for anticoagulant reversal, demonstrating the utility of VETs in
emergent settings [34].

There is significant opportunity in otolaryngology to adopt and utilize VETs in clinical
and operative practice. Areas of use include head and neck oncology, microvascular free
flap reconstruction, obstructive sleep apnea (OSA), adenotonsillectomy, facial trauma, and
epistaxis. The otolaryngologist will encounter patients with both hypercoagulable states
and hypocoagulable states, from both acquired and congenital coagulopathies. Further-
more, coagulopathic patients are commonplace in the subset of head and neck cancer
patients [35–38]. Strict protocols and guidelines to guide blood component therapy using
VETs do not yet exist in otolaryngology. However, protocols will not become commonplace
until there is increased utilization and adoption of TEG and ROTEM in ENT. The remain-
der of this manuscript will be dedicated to reviewing the current body of literature and
providing a summary of the adoption of VETs in otolaryngology.

2. VET in ENT: Current Literature

A comprehensive literature search of Ovid, MEDLINE, and the Cleveland Clinic Li-
brary databases was performed to assess the utilization of VETs in otolaryngology. This
query consisted of keywords including ‘thromboelastography’, ‘rotational thromboelastom-
etry’, ‘viscoelastic’, ‘otolaryngology’, ‘ear-nose-throat’, ‘head and neck surgery’, ‘head and
neck cancer’, ‘microvascular free flaps and reconstruction’, ‘facial trauma and resuscitation’,
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‘tonsillectomy’, ‘adenoidectomy’, ‘epistaxis’, ‘sinus surgery’, ‘oral and maxillofacial’, ‘free
tissue transfer’, ‘free flap’, ‘microsurgery’, ‘endonasal’, ‘craniofacial’, ‘skull-based’, and
‘coagulation’. Inclusion criteria was determined by the authors if a study described the use
of VETs in otolaryngology. A total of 670 studies were reviewed and of these, 25 studies
met criteria for inclusion. These studies were further subcategorized into various areas
within otolaryngology and are illustrated in Table 1.

Table 1. Summary of the literature of the use of VETs in ENT. ENT, ear nose and throat; INR,
international normalized ratio; INTEM, intrinsic thromboelastometry; MA, maximum amplitude;
OSA, obstructive sleep apnea; PT, prothrombin time; R, reaction time; TEG, thromboelastography;
VET, viscoelastic test.

Discipline Paper Description

Head and Neck
Surgery

Law 2001

Prospective randomized study: TEG was used to compare coagulation and blood loss
associated with intravenous propofol infusion or inhaled isoflurane during anesthetic
maintenance for head and neck surgery. Significant differences in either blood loss or
coagulation were not observed between the two treatments [39].

Durila 2015

Observational study: Tracheostomy was performed on 119 patients. INR showed that
55 patients had prolonged PT, but all TEG results were normal except one.
Tracheostomy was safely performed on patients with normal TEG results without
bleeding complications [40].

Nguyen 2015

Retrospective study: Tested a transfusion algorithm/protocol for craniofacial
reconstruction surgery by comparing pre-protocol and post-protocol cohorts. The
protocol reduced intraoperative administration of blood products. The protocol utilized
TEG to guide fresh frozen plasma transfusion due to the long turnaround
time of INR [41].

Klein 2016
Case study: Surgical intervention to stop massive arterial hemorrhage. Head and neck
surgeon ligated common carotid using specific anesthetic strategy combined with
ROTEM-guided massive transfusion protocol [42].

Mao 2016

Prospective cohort study: Evaluated the impact of an artificial capnothorax on
coagulation and fibrinolysis in patients undergoing thoracoscopic esophagectomy. Used
TEG parameters to prove that these patients showed significant impairments in
coagulation not observed in patients without artificial capnothorax [43].

Mogensen 2017 Prospective study: Used TEG and common coagulation tests to evaluate a transfusion
strategy in 40 infants [44].

Head and Neck
Cancer

Mitchell 2005
Prospective pilot study: Studied 10 patients who underwent selective neck dissections
to treat malignant disease of the head and neck. Measured coagulopathy using TEG.
Found an insignificant increase in R [45]

Nielsen 2013
Case report: TEG was used to determine that a patient undergoing removal of a
malignant thyroid tumor was found to have abnormally increased hypercoagulable clot
strength caused by tumor-induced upregulation of hemeoxygenase-1 [37].

Lu 2020

Experimental non-randomized study: This study aimed to modify the TEG parameters
for papillary thyroid carcinoma and nodular goiters. Using 62 nodular goiter patients,
53 papillary thyroid carcinoma patients, and 61 healthy patients, correlation analysis
demonstrated hypercoagulable TEG parameters for papillary thyroid carcinoma
patients [38].

Free Flaps

Parker 2012

Preliminary study: Used TEG to measure fibrinogen:platelet ratio to probe for
post-surgical thrombotic complications. A functional fibrinogen to platelet ratio above
42% as measured by TEG may be useful in identifying those patients likely to develop
thrombotic complication [46].

Murphy 2013

Case report: Patient diagnosed with rhino-orbital mucormycosis underwent orbital
exenteration, extensive cheek and sinus debridement, and reconstruction using a free
myocutaneous anterolateral thigh flap. Preoperative TEG measured functional
fibrinogen:platelet ratio. Intraoperative platelet administration was guided by TEG [47].
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Table 1. Cont.

Discipline Paper Description

Free Flaps

Kolbenschlag 2014
Retrospective review: Reviews diagnostic value of ROTEM for screening patient
vulnerability to thrombotic complications with specific regards to reconstructive
microsurgery [48].

Fuller 2015

Review: Description of risk factors in microvascular tissue transfer following ablative
surgeries for head and neck malignancy. Patients with extrinsic coagulation pathway
thrombus formation or intrinsic coagulation thrombus formation mean clot
formation >72 mm or functional fibrinogen:platelet ratio >43 are at a significantly
higher risk of thrombotic flap loss [49]

Wikner 2015
Prospective, exploratory cohort study: Both standard testing and ROTEM/INTEM were
incapable of predicting perioperative bleeding, thrombosis, or flap loss. Intraoperative
use may prevent blood loss provided standardization can be achieved [50].

Ekin 2019
Retrospective study: 77 patients had flap surgery and no relationship was found
between preoperative or postoperative TEG results and flap complications. There was
no correlation with flap loss and pre- or postoperative TEG results [51].

Vanags 2020

Prospective observational study: 103 adults trauma patients who received flap surgery
either <30 days post-trauma (ES group) or >30 days post-trauma (LS group).
Postoperative hypercoagulability on ROTEM predicted free flap loss in the LS group but
not the ES group [52].

OSA

Othman 2010 Animal model study: TEG performed on rats concluded that intermittent inspiratory
occlusions cause transient hypercoagulability [53].

Toukh 2012

Prospective crossover study: Used TEG to test the hypothesis that patients with severe
OSA are hypercoagulable and that two weeks of continuous positive airway pressure
reduces this hypercoagulability. Concluded that TEG can detect hypercoagulability in
patients with OSA [54].

Gong 2018

Cross sectional observational study: Tested whether OSA has effects on platelet function
profiles in acute coronary syndrome patients on dual antiplatelet therapy. TEG platelet
mapping assay was used to detect effects of antiplatelet therapy with arachidonic acid
and adenosine diphosphate activators, which demonstrated that OSA-induced platelet
hyperactivity persists despite antiplatelet therapy [55].

Fernandez-Bello
2020

Observational study: ROTEM showed hypercoagulable state in patients with OSA due
to increased platelet/leukocyte aggregation and endothelial damage [56].

Tonsils and
Adenoids

Heaney 2007

Prospective observational study: Utilized TEG to monitor clot strength following the
preoperative administration of diclofenac for pediatric patients undergoing
tonsillectomy. Found to have a significant reduction in R and a significant increase in
MA [57].

Raffan-Sanabria
2009

Case report: Female patient suffered severe oral bleeding three weeks
post-tonsillectomy. Adequate hemostasis and control of bleed were achieved through
use of TEG-guided decision making [58].

Facial Trauma
and Hemorrhage

Alesci 2011
Retrospective study: Analyzed 75 patients visiting a hemophilia center for bleeding
tendency including dental bleeding, gum bleeding, and epistaxis. No ROTEM
parameters were significantly out of normal range [59].

Grassetto 2012
Case report: Cyclist suffered serious craniofacial trauma and massive hemorrhage status
post motor vehicle collision. ROTEM-guided administration of prothrombin complex
concentrate and fibrinogen concentrate was effective in correcting coagulopathy [60].

Abraham 2020

Case report: Patient was bitten by hematotoxic snake, lost consciousness, and suffered
facial trauma after fall. Discovered to have ongoing oromaxillofacial bleeding upon
arrival at the emergency department. Underwent ROTEM-guided transfusion to correct
coagulopathy along with mandibular repair [61].

2.1. Head and Neck Surgery

The otolaryngologist performs a wide range of procedures, ranging from routine
outpatient clinic procedures to emergent tracheostomy in austere environments. It is a
field that necessitates a keen understanding of human anatomy and pathophysiology.
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The head and neck has a robust blood supply, and as such, bleeding is not an infrequent
encounter. The ability of VETs to quickly identify deficits in a patient’s primary and
secondary hemostatic pathways and guide therapeutic hemostatic interventions in both the
perioperative and postoperative period has the potential to supplement the otolaryngologist
to better care for their patients. [35,62].

The potential benefits of VETs in otolaryngology are three-fold. First, they can act as
a safeguard for patients that go undetected by preoperative bleeding assessments. These
screening CCTs have a low sensitivity in identifying patients with undiscovered coagu-
lopathies. Vries et al. recently assessed the screening efficacy of preoperative questionnaires
and lab testing for hemostatic aberrancies, concluding that for both patients with and
without a bleeding diathesis, the questionnaire was not a useful screening tool and CCTs
demonstrated poor discriminating power [63].

The second benefit of VETs in otolaryngology is that they address the current deficits
in CCTs’ abilities to accurately identify perioperative bleeding risks in patients. VETs
may be particularly helpful in those patients with negative bleeding histories by standard
questionnaires. A major systematic review performed by The British Committee for Stan-
dards in Haematology showed that there was a poor positive predictive value and low
likelihood ratio for bleeding in those with abnormal CCT results [64]. One systematic
review evaluated the predictive value of preoperative PT or INR for excessive perioperative
bleeding following invasive procedures. This study concluded that PT/INR are not predic-
tive for excessive perioperative bleeding following central venous cannulation, femoral
arteriography, transjugular liver biopsy, core liver biopsy, percutaneous liver biopsy, or
bronchoscopy. There was insufficient evidence to draw conclusions about paracentesis,
thoracocentesis, lumbar puncture, or kidney biopsy. These results align with a prior study
that looked at the predictive value of these tests for identifying bleeding risks during biopsy,
bronchoscopy, and angiography [65]. The third benefit is that VETs are an expedient test,
with results available in under 6 min. Therefore, VETs can guide tailored treatment plans
for coagulopathic patients at the point-of-care and are rapid enough to be used in emergent
situations requiring timely interventions.

Within the current body of literature, the incorporation of VETs in head and neck
surgery has been promising. They appear to be particularly beneficial in identifying the
dynamic changes in coagulopathic states seen during complex head and neck procedures.
Patients undergoing head and neck surgery often manifest dynamic intraoperative physio-
logic changes, like acid–base and hemodynamic shifts, which can lead to derangements
of hemostasis. For example, Mao et al. performed a study on artificial capnothorax while
performing a thoracoscopic resection of an esophageal carcinoma [43]. The usage of a
capnothorax induces an acidotic state and, therefore, researchers wanted to assess the
effects on their subjects’ coagulation profiles. The results of this study found that there were
significant derangements in the coagulation profiles of these patients, which were believed
to be a function of acidosis from hypercapnia which impaired the functionality of thrombin.
These impairments were reversed once the acid–base derangement was corrected, thereby
demonstrating that the control of a patient’s pH status intraoperatively could create a
more hemostatic surgical field. Due to the limitations of PT and aPTT assays in assessing
coagulopathic status in dynamic situations such as respiratory acidosis, Mao and colleagues
found that TEG was a more accurate technique for monitoring their patients. They also
found that intraoperative use of TEG can inform the surgeon of the reduction in both the
rate of clot formation and intensity of clot agglutination [43].

Head and neck anatomy is complex and surgical procedures are often performed
in close vicinity to large caliber blood vessels. Surgical missteps can occur, resulting in
large-volume hemorrhage both intraoperatively and post-operatively. If these situations
arise, they may necessitate massive blood transfusion protocols, for which VETs can be
employed to better guide resuscitation [42]. As an example, EXTEM (a form of ROTEM),
was used by Durila et al. to guide blood product transfusion in tracheostomy patients
with coagulopathies. In this study it was noted that EXTEM technology was useful in
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distinguishing hyper- from hypo-coagulopathic states in these patients whose PT/INR
values are elevated at baseline due to inflammatory states. By providing information
beyond the limitations of CCTs, VETs offer the benefit of more targeted blood product
transfusion therapy and reduction of unnecessary transfusions in the operating room [40].

2.2. Head and Neck Oncology

The incidence of head and neck cancer has been steadily increasing over the past
quarter century [66]. In tandem, the volume of oncologic surgery in the head and neck
has also increased. Head and neck surgeons must be comfortable managing the degree of
hemostatic risk involved with operations performed near the great vessels. VETs are not
commonly utilized for patients undergoing head and neck oncologic surgery. Currently,
most otolaryngologists follow the guidelines from perioperative risk assessment tools and
groups. Examples of this include employing venous thromboembolic risk assessment
using the Caprini scale or adherence to guidance from the Thromboembolic Risk Factors
Consensus Group [67]. This group recognizes mechanical and pharmacologic prophylac-
tic treatments, but of note, currently omits the utilization of VET monitoring to predict
thromboembolic complication or monitor the hemostatic characteristics of patients.

Despite the generally low risk of developing thromboemboli in routine head and neck
surgery, a recent study found that almost 13% of head and neck oncology patients devel-
oped venous thromboemboli after head and neck surgery in the absence of prophylactic
hemostatic therapy [68]. It is well known that patients with head and neck cancer have
an underlying hypercoagulable state and require prophylaxis prior to surgery. VETs have
been shown to predict thromboemboli in patients with hematologic and non-hematologic
malignancies [36].

TEG and ROTEM monitoring can be utilized to predict, diagnose, and treat the
coagulopathic state of patients undergoing surgical intervention for head and neck cancer.
Although the adoption of VET monitoring in clinical practice is not yet mainstream, its
utility has been demonstrated in cases, including the treatment of cervical metastasis from
squamous cell carcinoma, papillary thyroid carcinoma, and esophageal squamous cell
carcinoma [38,43,45].

Selective neck dissection is a procedure to treat cervical lymph node metastases from
squamous cell carcinoma. This procedure requires skeletonization of the internal jugular
vein, and manipulation of the internal jugular can lead to a hypercoagulable state. Thus,
utilization of VETs in selective neck dissection can assist in detecting a coagulopathic state
intraoperatively and better inform that surgeon on appropriate management of the patient
through the post-operative period [45].

VET monitoring has been shown to be a useful adjunct in the treatment of papillary
thyroid carcinoma. Being often under-looked, patients with papillary thyroid carcinoma
are often hypercoagulable due to atypical levels of coagulation factors and fibrinogen.
Additionally, it was found that TEG parameters (coagulation index (CI), thrombogenic
potential index (TPI), and angle) could potentially serve as diagnostic indicators for the
detection of papillary thyroid cancer [38].

Microvascular Free Flaps

Microvascular free flap reconstruction has become a workhorse in head and neck
oncology, with a high surgical success rate of 90–99% [46]. However, free flap surgery
requires diligent surgical and postoperative care and any untoward complications following
surgery can increase hospital stays and result in partial or total flap loss [51]. Currently, there
are no well-defined protocols to identify patients that are at a high risk for postoperative
flap loss. However, certain comorbidities, including COPD, tobacco use, and hypertension,
have put certain patient populations at higher risk of developing abnormal coagulopathic
states postoperatively [51]. The ability to prophylactically identify a patient with a high risk
of coagulopathic complication would be exceedingly advantageous and would serve to
improve patient care and surgical outcomes, as well as reduce healthcare resource burden.
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TEG and ROTEM have shown efficacy in predicting and managing bleeding, yet have
not been well studied in the field of microvascular reconstructive surgery. A study by
Kolbenschlag et al. showed that pathological ROTEM parameters were strongly correlated
with thrombotic flap loss [48]. Parker et al. showed that a functional fibrinogen-to-platelet
ratio of ≥42%, as measured by TEG, can identify patients likely to develop thrombotic
complications [46]. Vanags et al. demonstrated that in trauma patients who underwent
surgery over > 30 days post-injury, TEG was able to detect hypercoagulability and predicted
free flap thrombosis risk [52].

However, the use of TEG has not been entirely straightforward, with studies showing
that its measurement does not correlate with coagulation [50,51]. The role of comorbidities
and a lack of normalized standards for TEG and ROTEM make their applicability during
use of VETs difficult. Consistently, functional fibrinogen-to-platelet ratio as measured by
VETs has shown to be a good indicator of free flap thrombosis when compared to CCTs and
other measurements [46,52]. However, all research in this field is in its infancy and further
research will be required to create normalized values and applicability of test findings.
Implementation of VETs stands to provide a considerable benefit to clinicians for preventing
coagulopathic complications when undertaking microvascular free flap reconstruction.

2.3. Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is a condition wherein the patient has upper airway
collapse, leading to lack of ventilation during sleep. OSA may be secondary to any disorder
that compromises the upper airway including, but not limited to, obesity, retrognathia, mi-
crognathia, adenotonsillar hypertrophy, or nasopharyngeal obstruction. Repetitive apneas
lead to hypoxia, poor sleep quality, and excessive daytime fatigue. OSA is also associated
with a wide array of metabolic and cardiovascular disorders that gradually increase mor-
bidity and mortality. One of the main effects of OSA on the cardiovascular system is a
deleterious effect on the patient’s hematologic profile, including a hypercoagulable state
with elevated platelet aggregation and occasionally paradoxical embolism [55,56,69,70].

VETs are a tool well suited for assessing these hemostatic derangements; however,
their utility has not been fully incorporated in the workup and treatment for OSA. Employ-
ing VETs in the treatment for OSA has shown benefit in guiding continuous positive airway
pressure (CPAP) therapy. For instance, TEG can be used to track the progression from a hy-
percoagulable state to a normalized state following two to four weeks of CPAP therapy [54].
Additionally, TEG has been used to observe the effects of OSA on platelet reactivity (or
lack thereof) to antiplatelet therapies [55]. Incorporation of VETs into the clinical toolkit
of an otolaryngologist or sleep medicine physician may prove useful in both observing
the efficacy of treatments and tracking their effects on the thrombotic characteristics of
the patient.

2.4. Adenotonsillectomy

Tonsillectomy with or without adenoidectomy is one of the most commonly performed
surgeries. Although it is considered a routine surgery, it is not without postoperative com-
plications. Postoperative hemorrhage is the most common complication [71]. Preoperative
CCTs such as PT/INR, aPTT, and platelet count do not adequately stratify which patients
are at risk for bleeding [1]. Currently, the gold standard in determining who may be at risk
for a coagulopathy is to do an extensive risk assessment, followed by ordering CCTs on
patients that are identified as high risk [1]. However, healthy children undergoing a tonsil-
lectomy or adenoidectomy showed no correlation between bleeding risk and prolonged PT
and aPTT values when compared to those with normal values [12]. Thus, a laboratory test
that could provide high sensitivity to the detection of coagulation complications would be
considered extremely beneficial to improving postoperative outcomes.

The use of VET in tonsillectomy has the potential to improve patient treatment, but
has not yet been studied extensively. Postoperative pain following tonsillectomy is usually
controlled by opioids, but recently, nonsteroidal anti-inflammatory drugs (NSAIDs) have
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been gaining favor as an adjunctive analgesic. However, NSAIDs can theoretically increase
bleeding risk due to decreased platelet aggregation [57]. TEG was used to study the effect
of diclofenac on bleeding after tonsillectomy. When compared to the baseline, a statistically
significant increase in MA and a decrease in R was observed after administration of
diclofenac [57].

TEG can further be implemented to identify specific coagulation abnormalities and
determine which blood products to administer. A case report by Raffan-Sanabria et al.
examined a patient with post-tonsillectomy bleeding. They found TEG abnormalities,
including a long k and low α-angle which dictated a treatment with fibrinogen and low
MA which identified a need for platelets. TEG successfully monitored the coagulopathic
state of the patient and guided blood component therapy [58].

2.5. Facial Trauma

Facial trauma is another area where VETs could play an important role. Facial trauma
is a common reason for presentation to the emergency room and often requires operative
repair [72]. These injuries can range anywhere from animal bites to complex craniomax-
illofacial fractures caused by motor vehicle collisions or ballistic trauma. These injuries
are often complex and involve a complex architectural framework consisting of dermal
tissue, blood vessels, nerves, paranasal sinuses, and the upper aerodigestive tract, which
make treating this trauma challenging [73]. Hemorrhage is not uncommon in these trauma
patients, and their hematologic status is typically assessed with CCTs. These tests take
time to obtain results and are not ideal for aiding in the correction of a coagulopathy in
real time [74]. Due to the urgent time requirements when treating a trauma case, blood
products are often given on an empirical basis following unsuccessful attempts at crystal-
loid resuscitation. Additional rounds of transfusion following acute stabilization would
be more amenable to using the results of CCTs, hemoglobin, and hematocrit to guide the
correct products to administer [75,76]. CCTs’ shortcomings are further compounded by the
fact that, unlike VETs, CCTs are rendered inaccurate by blood transfusions. Because of this,
CCTs have limited usefulness during trauma situations where massive blood transfusions
are required [35]. VETs may provide a more convenient point-of-care test in the trauma
setting that can improve upon empiric transfusion protocols or those guided by CCTs.

Several case reports have demonstrated the successful utilization of VETs in guiding
BCT to acquire hemostasis following facial trauma. One study evaluated a cyclist who
suffered multiple craniofacial fractures from a collision with a vehicle [60]. The patient
became profoundly anemic during the treatment course. Even after the transfusion of red
blood cells, colloid, and FFP, the patient was still unable to achieve hemostasis, and after
the treating team ruled out both abdominal and thoracic bleeding, ROTEM was utilized
to assess the coagulopathic state of the patient. EXTEM analysis showed that CT and
CFT were prolonged and MCF was decreased. FIBTEM, a thromboelastometric test of
fibrin-based clotting, showed both decreased A10 and decreased MCF. These findings
indicated that the patient was suffering from a severe coagulopathy and the ROTEM
findings guided administration of PCC, fibrinogen, platelet concentrate, and TXA. ROTEM
was performed 2 h after transfusion and revealed normalization of coagulation status and
clinical hemostasis was achieved after correction of the hematologic derangement [60].

VETs can also benefit the practitioner in caring for patients with less common patholo-
gies. For example, a case report describes a situation where an individual suffered a snake
bite, fell into a 1.5 m pit, and suffered facial fracture and epistaxis, unable to be controlled
via packing. In the hospital, it was determined that the patient had consumptive coag-
ulopathy, possibly secondary to the snake venom. CCTs showed elevated PT and aPTT
with decreased fibrinogen levels. Furthermore, ROTEM results indicated no platelet plug
formation. The patient was subsequently treated with antivenom, packed red blood cells,
FFP, cryoprecipitate, and TXA with follow-up ROTEM testing showing improvement in
clot time and clot formation time. Overall, three ROTEM tests were conducted at one-hour
increments during the treatment course until the patient had normalization of coagula-
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tion. The authors concluded that VETs could be effectively used in treating patients with
coagulopathy secondary to envenomation [61].

Utilization of VETs by an otolaryngologist in facial trauma can be a helpful adjunct,
however the number of facial trauma cases that present with massive hemorrhage is less
than <1%. However, while severe hemorrhage is rare, the risk of mortality is 37% when
severe hemorrhage occurs in the setting of complex facial trauma [77,78]. Due to these high
stakes, the use of VETs may be of great interest to future otolaryngologists and trauma
surgeons treating patients with massive hemorrhage. Further research must be conducted
on the use of TEG and ROTEM in the treatment of massive hemorrhage in trauma to
develop standardized protocols to guide implementation and treatment strategies.

2.6. Epistaxis

Epistaxis is one of the most common otolaryngologic emergencies that present to
either primary care or the emergency room. While most nosebleeds are mild in severity,
epistaxis can be life threatening, requiring hospitalization or operative intervention. The
current standard of care does not involve routine coagulation studies in patients with
epistaxis [79]. It is recommended that the investigation for potential hemostatic disorders
should only be performed when clinically indicated and often in consultation with a
hematologist [79]. In that subset of patients, VETs may offer improved therapeutic guidance
compared with CCTs.

Depending on the mechanism of coagulopathy, VETs can assist in guiding the re-
placement of red cells, platelets, coagulation factors, PCC, FFP, cryoprecipitate, soluble
fibrinogen, TXA, amicar, and desmopressin [80]. Often, in epistaxis patients with underly-
ing medical conditions requiring specific replenishment of pro-coagulates, VETs can guide
in the most judicious method of reversing a coagulopathy.

The literature regarding the use of VETs in epistaxis is extremely limited [59,81]. Addi-
tional studies are needed to elucidate whether VETs offer superior therapeutic guidance
when compared with CCTs for the small percentage of epistaxis patients in whom further
investigation and/or intervention is clinically indicated to achieve adequate stasis. There is
insufficient data available currently to make a definitive decision on whether the benefits
of VETs outweigh the costs in the treatment of epistaxis due to underlying coagulopathy.

Considering how frequently patients suffer from epistaxis and the healthcare burden
associated with emergency room visits and hospital admissions, there lies substantial
potential benefit to the healthcare system by looking into further research of VETs to
improve patient care and outcomes.

3. Conclusions

Currently, there is a limited body of literature studying the utilization of viscoelastic
testing in the field of otolaryngology. The current utilization of VETs in the areas discussed
above are limited in scope and generalizability due to the existence of a paucity of studies.
However, with the increasing awareness of the utility of this technology and a constant
push of our healthcare system to innovate and improve patient care and outcomes, more
studies should and will be conducted to evaluate VETs’ effectiveness in otolaryngology.
With adoption and implementation of this technology, the entire care team can utilize VETs,
which have the capacity to provide rapid assessment and targeted therapeutic regimens, to
treat coagulopathic patients.
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51. Ekin, Y.; Günüşen, İ.; Özdemir, Ö.Y.; Tiftikçioğlu, Y. Effect of Coagulation Status and Co-Morbidity on Flap Success and
Complications in Patients with Reconstructed Free Flap. Turk. J. Anaesthesiol. Reanim. 2019, 47, 98–106. [CrossRef]

52. Vanags, I.; Stepanovs, J.; Ozolina, A.; Mukans, M.; Bjertnaes, L.J.; Mamaja, B. Thromboelastometry for Assessing Risks of Free
Flap Thrombosis in Patients Undergoing Microvascular Surgery. Front. Med. 2020, 7, 289. [CrossRef]

53. Othman, M.; Gordon, S.P.; Iscoe, S. Repeated inspiratory occlusions in anesthetized rats acutely increase blood coagulability as
assessed by thromboelastography. Respir. Physiol. Neurobiol. 2010, 171, 61–66. [CrossRef]

54. Toukh, M.; Pereira, E.J.; Falcon, B.J.; Liak, C.; Lerner, M.; Hopman, W.M.; Iscoe, S.; Fitzpatrick, M.F.; Othman, M. CPAP reduces
hypercoagulability, as assessed by thromboelastography, in severe obstructive sleep apnoea. Respir. Physiol. Neurobiol. 2012,
183, 218–223. [CrossRef] [PubMed]

55. Gong, W.; Wang, X.; Fan, J.; Nie, S.; Wei, Y. Impact of Obstructive Sleep Apnea on Platelet Function Profiles in Patients with Acute
Coronary Syndrome Taking Dual Antiplatelet Therapy. J. Am. Heart Assoc. 2018, 7, e008808. [CrossRef] [PubMed]

56. Fernández-Bello, I.; Monzón Manzano, E.; García Río, F.; Justo Sanz, R.; Cubillos-Zapata, C.; Casitas, R.; Sánchez, B.;
Jaureguizar, A.; Acuña, P.; Alonso-Fernández, A.; et al. Procoagulant State of Sleep Apnea Depends on Systemic Inflammation
and Endothelial Damage. Arch. Bronconeumol. 2020, in press. [CrossRef] [PubMed]

57. Heaney, M.; Looney, Y.; McKinstry, C.; O’Hare, B. Sequential clot strength analyses following diclofenac in pediatric adenotonsil-
lectomy. Paediatr. Anaesth. 2007, 17, 1078–1082. [CrossRef] [PubMed]

58. Raffan-Sanabria, F.; Amaya, W.; Manrique-Peñuela, F. Thromboelastography to guide the decision making in transfusion therapy
in post-tonsillectomy bleeding secondary to pseudoaneurysm. Revista Mexicana de Anestesiología 2009, 32, 67–71.

59. Alesci, S.; Stein, M.; Scholz, K.; Llugaliu, B.; Asmelash, G.; Miesbach, W. Patients with isolated prolonged in vitro bleeding time.
Clinical symptoms. Hamostaseologie 2011, 31, S64–S68. [PubMed]

60. Grassetto, A.; Saggioro, D.; Paulo, C.; Penzo, D.; Bossi, A.; Tedesco, M.; Maggiolo, C. Rotational thromboelastometry analysis
and management of life-threatening haemorrhage in isolated craniofacial injury. Blood Coagul. Fibrinolysis 2012, 23, 551–555.
[CrossRef]

61. Abraham, S.V.; Hakkeem, B.; Mathew, D.; Rafi, A.M.; Poomali, A.; Thomas, J.; Kassyap, C.K. Hematotoxic Snakebite Victim with
Trauma: The Role of Guided Transfusion, Rotational Thromboelastometry, and Tranexamic Acid. Wilderness Environ. Med. 2020,
31, 470–481. [CrossRef]

62. Ganter, M.T.; Hofer, C.K. Coagulation monitoring: Current techniques and clinical use of viscoelastic point-of-care coagulation
devices. Anesth. Analg. 2008, 106, 1366–1375. [CrossRef]

63. Vries, M.J.; van der Meijden, P.E.; Kuiper, G.J.; Nelemans, P.J.; Wetzels, R.J.; van Oerle, R.G.; Lancé, M.D.; ten Cate, H.;
Henskens, Y.M. Preoperative screening for bleeding disorders: A comprehensive laboratory assessment of clinical practice. Res.
Pract. Thromb. Haemost. 2018, 2, 767–777. [CrossRef]

64. Chee, Y.L.; Crawford, J.C.; Watson, H.G.; Greaves, M. Guidelines on the assessment of bleeding risk prior to surgery or invasive
procedures. Br. J. Haematol. 2008, 140, 496–504. [CrossRef]

65. Segal, J.B.; Dzik, W.H.; Network, T.M.H.C.T. Paucity of studies to support that abnormal coagulation test results predict bleeding
in the setting of invasive procedures: An evidence-based review. Transfusion 2005, 45, 1413–1425. [CrossRef]

66. Chen, A.Y.; Jemal, A.; Ward, E.M. Increasing incidence of differentiated thyroid cancer in the United States, 1988–2005. Cancer
2009, 115, 3801–3807. [CrossRef] [PubMed]

67. Thromboembolic Risk Factors (THRIFT) Consensus Group. Risk of and prophylaxis for venous thromboembolism in hospital
patients. Br. Med. J. 1992, 305, 567–574. [CrossRef] [PubMed]

68. Clayburgh, D.R.; Stott, W.; Cordiero, T.; Park, R.; Detwiller, K.; Buniel, M.; Flint, P.; Schindler, J.; Andersen, P.; Wax, M.K.; et al.
Prospective study of venous thromboembolism in patients with head and neck cancer after surgery. JAMA Otolaryngol. Head Neck
Surg. 2013, 139, 1143–1150. [CrossRef] [PubMed]

69. Braunwald, E.M.D.; Zipes, D.P.; Libby, P.; Bonow, R.O. Braunwald’s Heart Disease: A Textbook of Cardiovascular Medicine; Morrow:
New York, NY, USA, 2015.

70. Hong, S.N.; Yun, H.C.; Yoo, J.H.; Lee, S.H. Association between hypercoagulability and severe obstructive sleep apnea. JAMA
Otolaryngol. Head Neck Surg. 2017, 143, 996–1002. [CrossRef]

71. Prim, M.P.; De Diego, J.I.; Jimenez-Yuste, V.; Sastre, N.; Rabanal, I.; Gavilan, J. Analysis of the causes of immediate unanticipated
bleeding after pediatric adenotonsillectomy. Int. J. Pediatr. Otorhinolaryngol. 2003, 67, 341–344. [CrossRef]

72. Choi, J.L.H.; Spain, D.A. Review of facial trauma management. J. Trauma Acute Care Surg. 2020, 88, e124–e130. [CrossRef]
[PubMed]

73. Colbenson, K. An Algorithmic Approach to Triaging Facial Trauma on the Sidelines. Clin. Sports Med. 2017, 36, 279–285.
[CrossRef] [PubMed]

http://doi.org/10.1002/micr.22199
http://doi.org/10.1097/MOO.0000000000000192
http://doi.org/10.1016/j.jcms.2015.05.016
http://doi.org/10.5152/TJAR.2019.07752
http://doi.org/10.3389/fmed.2020.00289
http://doi.org/10.1016/j.resp.2010.01.010
http://doi.org/10.1016/j.resp.2012.06.022
http://www.ncbi.nlm.nih.gov/pubmed/22771782
http://doi.org/10.1161/JAHA.118.008808
http://www.ncbi.nlm.nih.gov/pubmed/30371252
http://doi.org/10.1016/j.arbres.2020.11.017
http://www.ncbi.nlm.nih.gov/pubmed/33461785
http://doi.org/10.1111/j.1460-9592.2007.02268.x
http://www.ncbi.nlm.nih.gov/pubmed/17897274
http://www.ncbi.nlm.nih.gov/pubmed/22057685
http://doi.org/10.1097/MBC.0b013e32835553c0
http://doi.org/10.1016/j.wem.2020.08.003
http://doi.org/10.1213/ane.0b013e318168b367
http://doi.org/10.1002/rth2.12114
http://doi.org/10.1111/j.1365-2141.2007.06968.x
http://doi.org/10.1111/j.1537-2995.2005.00546.x
http://doi.org/10.1002/cncr.24416
http://www.ncbi.nlm.nih.gov/pubmed/19598221
http://doi.org/10.1136/bmj.305.6853.567
http://www.ncbi.nlm.nih.gov/pubmed/1298229
http://doi.org/10.1001/jamaoto.2013.4911
http://www.ncbi.nlm.nih.gov/pubmed/24076972
http://doi.org/10.1001/jamaoto.2017.1367
http://doi.org/10.1016/S0165-5876(02)00396-8
http://doi.org/10.1097/TA.0000000000002589
http://www.ncbi.nlm.nih.gov/pubmed/31972757
http://doi.org/10.1016/j.csm.2016.11.003
http://www.ncbi.nlm.nih.gov/pubmed/28314417


J. Clin. Med. 2022, 11, 1119 15 of 15

74. Toulon, P.; Ozier, Y.; Ankri, A.; Fleron, M.H.; Leroux, G.; Samama, C.M. Point-of-care versus central laboratory coagulation testing
during haemorrhagic surgery. A multicenter study. Thromb. Haemost. 2009, 101, 394–401.

75. Holcomb, J.B.; Tilley, B.C.; Baraniuk, S.; Fox, E.E.; Wade, C.E.; Podbielski, J.M.; del Junco, D.J.; Brasel, K.J.; Bulger, E.M.;
Callcut, R.A.; et al. Transfusion of plasma, platelets, and red blood cells in a 1:1:1 vs. a 1:1:2 ratio and mortality in patients with
severe trauma: The PROPPR randomized clinical trial. JAMA 2015, 313, 471–482. [CrossRef] [PubMed]

76. Napolitano, L.M.; Kurek, S.; Luchette, F.A.; Corwin, H.L.; Barie, P.S.; Tisherman, S.A.; Hebert, P.C.; Anderson, G.L.; Bard, M.R.;
Bromberg, W.; et al. Clinical Practice Guideline: Red Blood Cell Transfusion in Adult Trauma and Critical Care. J. Trauma Injury
Crit. Care 2009, 67, 1439–1442. [CrossRef] [PubMed]

77. Dean, N.R.; Ledgard, J.P.; Katsaros, J. Massive hemorrhage in facial fracture patients: Definition, incidence, and management.
Plast. Reconstr. Surg. 2009, 123, 680–690. [CrossRef] [PubMed]

78. Siritongtaworn, P. Management of life threatening hemorrhage from facial fracture. J. Med. Assoc. Thail. 2005, 88, 382–385.
79. Pande, N.M.; Jain, S.K.T.; Mahore, D.M.; Nitnaware, A.Z.; Bokare, B.D.; Sakhare, P.T. Role of routine coagulation studies in

idiopathic epistaxis. Indian J. Otolaryngol. Head Neck Surg. 2006, 58, 160–161. [CrossRef] [PubMed]
80. Görlinger, K.; Pérez-Ferrer, A.; Dirkmann, D.; Saner, F.; Maegele, M.; Calatayud, Á.A.P.; Kim, T.-Y. The role of evidence-based

algorithms for rotational thromboelastometry-guided bleeding management. Korean J. Anesthesiol. 2019, 72, 297–322. [CrossRef]
[PubMed]

81. Fukuhara, K.; Kondo, T.; Miyoshi, H.; Hamada, H.; Kawamoto, M. Rotational thromboelastometry-guided perioperative
management of coagulation in a patient with Heyde’s syndrome undergoing transcatheter aortic valve implantation. JA Clin. Rep.
2019, 5, 3. [CrossRef]

http://doi.org/10.1001/jama.2015.12
http://www.ncbi.nlm.nih.gov/pubmed/25647203
http://doi.org/10.1097/TA.0b013e3181ba7074
http://www.ncbi.nlm.nih.gov/pubmed/20009700
http://doi.org/10.1097/PRS.0b013e31819565da
http://www.ncbi.nlm.nih.gov/pubmed/19182629
http://doi.org/10.1007/BF03050774
http://www.ncbi.nlm.nih.gov/pubmed/23120271
http://doi.org/10.4097/kja.19169
http://www.ncbi.nlm.nih.gov/pubmed/31096732
http://doi.org/10.1186/s40981-019-0224-3

	Epidemiology, Definition, and Utilization of VETs in ENT 
	Inadequacy of Common Coagulation Tests Specific to ENT 
	Principles of TEG and ROTEM 
	TEG 
	ROTEM 
	Analysis of ROTEM/TEG 

	Adoption of VETs in Otolaryngology 

	VET in ENT: Current Literature 
	Head and Neck Surgery 
	Head and Neck Oncology 
	Obstructive Sleep Apnea 
	Adenotonsillectomy 
	Facial Trauma 
	Epistaxis 

	Conclusions 
	References

