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Abstract

OBJECTIVES: Low hemoglobin concentration impairs clinical hemostasis across several 

diseases. It is unclear whether hemoglobin impacts laboratory functional coagulation assessments. 

We evaluated the relationship of hemoglobin concentration on viscoelastic hemostatic assays in 

intracerebral hemorrhage (ICH) and perioperative patients admitted to an ICU.

DESIGN: Observational cohort study and separate in vitro laboratory study.

SETTING: Multicenter tertiary referral ICUs.

PATIENTS: Two acute ICH cohorts receiving distinct testing modalities: rotational 

thromboelastometry (ROTEM) and thromboelastography (TEG), and a third surgical ICU cohort 
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receiving ROTEM were evaluated to assess the generalizability of findings across disease 

processes and testing platforms. A separate in vitro ROTEM laboratory study was performed 

utilizing ICH patient blood samples.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Relationships between baseline hemoglobin and 

ROTEM/TEG results were separately assessed across patient cohorts using Spearman correlations 

and linear regression models. A separate in vitro study assessed ROTEM tracing changes after 

serial hemoglobin modifications from ICH patient blood samples. In both our ROTEM (n = 34) 

and TEG (n = 239) ICH cohorts, hemoglobin concentrations directly correlated with coagulation 

kinetics (ROTEM r: 0.46; p = 0.01; TEG r: 0.49; p < 0.0001) and inversely correlated with 

clot strength (ROTEM r: −0.52, p = 0.002; TEG r: −0.40, p < 0.0001). Similar relationships 

were identified in perioperative ICU admitted patients (n = 121). We continued to identify 

these relationships in linear regression models. When manipulating ICH patient blood samples to 

achieve lower hemoglobin concentrations in vitro, we similarly identified that lower hemoglobin 

concentrations resulted in progressively faster coagulation kinetics and greater clot strength on 

ROTEM tracings.

CONCLUSIONS: Lower hemoglobin concentrations have a consistent, measurable impact on 

ROTEM/TEG testing in ICU admitted patients, which appear to be artifactual. It is possible that 

patients with low hemoglobin may appear to have normal viscoelastic parameters when, in fact, 

they have a mild hypocoagulable state. Further work is required to determine if these tests should 

be corrected for a patient’s hemoglobin concentration.
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It is known that ongoing bleeding can lead to anemia simply through blood loss. However, 

anemia itself is known to be independently associated with coagulopathy resulting in 

suboptimal hemostasis and ongoing bleeding risk in several disease processes (1–5). These 

mechanisms are thought to be related to the impaired platelet adhesion, aggregation, and 

activation seen with low hemoglobin states, leading to coagulopathy and downstream 

bleeding complications (6–8). Specifically, in intracerebral hemorrhage (ICH) patients 

where life threatening bleeding is localized intracranially, yet is too small in volume to 

directly lower hemoglobin, lower baseline hemoglobin concentrations have been associated 

with increased ICH volume and prolonged bleeding (4, 5).

Despite clinical evidence for this potential “anemic coagulopathy” in several disease 

processes, it is unclear whether these physiological effects are accurately reflected in 

coagulation laboratory testing. Plasma-based conventional coagulation assays, though 

widely implemented, fail to assess hemoglobin concentration contribution to coagulation 

given that RBCs are removed prior to testing. Whole blood viscoelastic hemostatic assays: 

rotational thromboelastometry (ROTEM) and thromboelastography (TEG-5000) in theory 

provide an opportunity to assess hemoglobin concentration’s contribution to coagulation. 

However, prior studies have not identified expected relationships between low hemoglobin 
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and impaired, “hypocoagulable” ROTEM/TEG tracings. Rather, in vitro (9, 10), animal 

based (11, 12), and noncritically ill, nonbleeding human patient studies (13, 14) identified 

that lower hemoglobin is associated with paradoxical “hypercoagulable” ROTEM/TEG 

tracings without clinical evidence of thrombosis reflecting a laboratory in vitro testing 

artifact.

Despite this reported artifact, current clinical viscoelastic hemostatic assay–guided 

resuscitation paradigms do not account for the impact that hemoglobin concentrations 

may independently have on the tracing itself. This is largely because it is unknown 

whether lower hemoglobin will similarly provide hypercoagulable viscoelastic hemostatic 

assay tracing artifacts in the types of hospitalized, acutely ill patients who are evaluated 

for treatment purposes with these testing platforms. An assessment of how hemoglobin 

concentrations impacts these tracings in these patients is necessary and timely given 

that viscoelastic hemostatic assays are increasingly utilized in goal-directed transfusion 

therapy paradigms (15–20) despite conflicting evidence supporting its clinical benefit 

(15, 21). An identification of such a testing artifact in a vulnerable patient population 

would provide an opportunity to improve current viscoelastic hemostatic assay testing and 

subsequent treatment paradigms in both clinical and research settings. Subsequently, we 

sought to investigate whether lower hemoglobin concentrations have a measurable effect on 

viscoelastic hemostatic assay tracings in ICU admitted patients.

MATERIALS AND METHODS

Data were primarily evaluated from two separate observational cohorts of adult patients 

admitted to an ICU following a spontaneous primary (normal underlying brain parenchyma) 

ICH who had measures of baseline hemoglobin as well as ROTEM/TEG laboratory results. 

Baseline characteristics, medication history, neuroimaging, and other laboratory results were 

collected for these patients. Each ICH cohort enrolled patients from separate medical 

centers and utilized separate viscoelastic hemostatic assay platforms. These included: 1) 

a spontaneous ICH cohort evaluated with admission ROTEM between 2013 and 2017 and 

2) a spontaneous ICH cohort evaluated with admission TEG between 2014 and 2021. A 

third cohort of surgical patients admitted to an ICU and evaluated with baseline ROTEM 

prior to surgery was analyzed to assess the generalizability of the ICH cohort findings across 

different patient populations. Although each cohort prospectively enrolled consecutively 

admitted patients, ROTEM/TEG acquisition and data collection were performed on a sample 

of convenience based on viscoelastic testing availability.

Given that trauma patients receive empiric transfusion resuscitation prior to laboratory 

testing, these patients were specifically excluded. Our specific cohorts were chosen to 

minimize the influence of transfusion products given prior to coagulation testing that could 

inherently alter both the exposure (hemoglobin level) and the outcome (ROTEM/TEG 

tracing). Similarly, patients were excluded if ROTEM/TEG testing occurred after any 

transfusion or hemostatic therapy, if there was a preceding history of anticoagulant (but 

not antiplatelet) use, or if there was laboratory evidence of coagulopathy using conventional 

coagulation assays (platelet count <100 × 103/uL, activated partial thromboplastin time 

[aPTT] >50 s, prothrombin time [PT] >17 s). For the 2 ICH cohorts, secondary 
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ICH etiologies (vascular malformation, aneurysm, malignancy, and ischemic stroke with 

hemorrhagic transformation) and traumatic ICH were excluded given the heterogeneity 

of coagulopathy and outcomes in these types of ICH. All ICH patients were managed 

according to American Heart Association guidelines (22) with treatment protocols described 

previously (18, 19, 23).

Clinical Laboratory Testing

Hemoglobin was the primary exposure of interest and was obtained from a clinical 

laboratory complete blood count (CBC) blood draw as per local institutional certified 

hospital clinical laboratory practices. Hemoglobin was utilized as the exposure variable 

and assessment of a patient’s RBC level given that prior ICH studies have identified 

relationships of lower hemoglobin concentration, not hematocrit, with larger hemorrhage 

size, and ongoing bleeding (4, 5).

ROTEM (Instrumentation Laboratory, Bedford, MA) and TEG (TEG5000, Haemonetics, 

Boston, MA) are separate Food and Drug Administration-approved, point-of-care, 

viscoelastic hemostatic assay platforms. These tests utilize whole blood to assess multiple 

components of coagulation including coagulation kinetics (time to clot formation), clot 

strength, and clot stability/lysis. ROTEM specifically assesses: 1) coagulation kinetics via 

coagulation time (CT), clot formation time (CFT), and alpha angle; 2) clot strength via 

maximum clot firmness (MCF), and 3) clot stability/lysis via maximum lysis. TEG assesses: 

1) coagulation kinetics via reaction time (R), kinetics time (K), and alpha angle; 2) clot 

strength via maximum amplitude (MA), and 3) clot stability/lysis via lysis index (LI30) 

(Fig. 1). Although ROTEM/TEG provides parallel assessments of these coagulation stages, 

the reagents and operating characteristics are different across platforms. Subsequently, result 

outputs are not interchangeable between these testing platforms; thus, all cohorts were 

analyzed separately. For the purposes of our study, ROTEM/TEG assessments of coagulation 

kinetics and clot strength were assessed as the primary outcome given prior study findings 

(13, 14). Other ROTEM and TEG parameters were assessed as secondary outcomes.

Baseline clinical ROTEM/TEG testing was performed by trained practitioners from three 

milliliters of whole blood. Per protocols, these samples were collected into a citrated 

tube (3.2% NaCitrate) and run immediately after collection. Details regarding ROTEM 

and TEG clinical protocols have been described previously (18, 19, 24). Samples for 

ROTEM/TEG testing were drawn at the same time as blood taken for the patient’s CBC 

and traditional plasma coagulation tests (PT, aPTT: STAR automated analyzer [Diagnostia 

Stago, Parsippany, NJ]).

ICH Measurements

ICH volumes were assessed utilizing baseline diagnostic head computed tomography. The 

ROTEM ICH cohort had ICH volumes calculated using a semiautomated segmentation 

measurements using previously described techniques (5). The TEG ICH cohort had ICH 

volumes calculated using ABC/2 score (17, 25).
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In Vitro Study

We performed a separate in vitro study modifying hemoglobin levels from blood samples 

taken from acute ICH patients. Prior evidence has suggested an in vitro change of 

viscoelastic hemostatic assay tracings with varying hemoglobin concentration modifications 

in nonbleeding patients or healthy controls (13, 14). Thus, we sought to assess for the 

generalizability of these reported in vitro artifacts in ICU admitted patients encountering 

hemorrhage, specifically ICH, who would be evaluated with viscoelastic hemostatic assays 

for treatment decisions. Four ICH patients and three healthy control samples were assessed 

to ensure that hemoglobin modifications would result in the same in vitro ROTEM tracing 

changes regardless of disease presence. Four separate samples, created from a single 

blood draw, were created from each patient/control. An initial sample was centrifuged 

but not otherwise modified. Subsequent samples underwent centrifugation followed by 

gently removing RBCs from the cellular layer using a pipette. Increasing volumes of RBCs 

were removed on these subsequent samples to generate a 15–20% sequential decrease 

in hemoglobin with each sample (the overall volume of the citrated tube used was 2.7 

mL; ranges of RBC cellular layer removal were ~250–1,000 uL based on the baseline, 

nonmodified initial hemoglobin level). Four to five gentle inversions of the tube were 

performed to remix the samples post centrifugation. Each of these four samples underwent 

ROTEM and CBC testing. Furthermore, traditional coagulation testing (PT, aPTT, and 

fibrinogen) was performed to ensure that the manipulations performed did not affect these 

measures.

Statistical Analysis

All cohorts were analyzed separately. Normality of laboratory data was assessed using 

Shapiro-Wilk tests. Spearman bivariate correlation was used to assess correlation of 

hemoglobin concentrations with ROTEM/TEG results. Separate multivariable linear 

regression models were performed to assess the association of hemoglobin with 

ROTEM/TEG results among the different cohorts after adjusting for potential covariates 

that could impact the ROTEM/TEG tracing: age, sex, baseline ICH volume (for the ICH 

cohorts), and preceding antiplatelet medication use (18, 26, 27). For the in vitro study, 

Spearman correlations between hemoglobin and ROTEM measurements were similarly 

performed. We additionally performed a linear mixed model to explore how the ROTEM 

measures changed within and between subjects with each in vitro modification. Statistical 

significance was evaluated at p < 0.05. A statistician (AB) analyzed the data with the 

primary team using SPSS (IBM, Chicago, IL) and SAS (SAS Institute, Cary, NC).

Standard Protocol Approvals and Patient Consents

The Institution’s Committee for the Protection of Human Subjects approved this study 

(Institutional Review Boards AAAL4106, AAAD4775). Consent was provided by the 

patient or the family if the patient did not have capacity to consent.

RESULTS

There were 34 (cohort 1) and 239 (cohort 2) ICH patients with baseline hemoglobin 

concentration and concurrent ROTEM or TEG measurements, respectively. Baseline 

Roh et al. Page 5

Crit Care Med. Author manuscript; available in PMC 2024 November 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



characteristics are shown in Table 1. Baseline hemoglobin concentrations, conventional 

coagulation assays, and ICH characteristics were comparable between these ICH cohorts. 

Baseline ROTEM/TEG results are shown in Figure 1.

In our ROTEM ICH cohort, hemoglobin concentrations did not correlate with CT. However, 

hemoglobin had a direct, moderate correlation with other assessments of coagulation 

kinetics (EXTEM CFT r: 0.46; p = 0.01) and strong, inverse correlations with clot 

propagation (EXTEM alpha angle r: −0.66; p < 0.0001) and clot strength (EXTEM MCF 

r: −0.52; p = 0.002) (Fig. 2). In our TEG ICH cohort, hemoglobin similarly did not 

correlate with R time, but had direct, moderate correlations with other assessments of 

coagulation kinetics (K time r: 0.49; p < 0.0001) and inverse, moderate correlations with 

clot propagation (alpha angle r: −0.48; p < 0.0001) and clot strength (MA r: −0.40, p 
< 0.0001) (Fig. 3). Weak inverse correlations of hemoglobin with patterns of lysis were 

seen with TEG (LI30 r: −0.20; p = 0.002), but not with ROTEM. Baseline hemoglobin 

did not correlate with other ROTEM/TEG measurements, conventional coagulation assays, 

or platelet count. In our adjusted multivariable linear regression models, we confirmed 

separate relationships between hemoglobin and ROTEM/TEG parameters of coagulation 

kinetics, clot propagation, and clot strength (Table 2). Specifically, in ICH patients with 

lower hemoglobin concentrations, there was notably faster coagulation kinetics and greater 

clot strength.

In our third cohort of surgical ICU patients, the average patient age was 64 (± 18) 

years old, 51% of the cohort was female, and the baseline hemoglobin concentration 

was notably lower than our ICH cohorts (10.9 ± 1.4 g/dL) (Supplemental Table 1, http://

links.lww.com/CCM/H226). Despite these baseline hemoglobin differences, we similarly 

identified that hemoglobin had direct, moderate correlations with coagulation kinetics 

(EXTEM CFT r: 0.34; p < 0.0001) and inverse, moderate correlations with clot propagation 

(EXTEM alpha angle r: −0.41, p < 0.0001) and clot strength (EXTEM MCF r: −0.32; 

p < 0.0001). Similar correlations were identified in the ROTEM intrinsic pathway assays 

(data not shown). Unlike our ROTEM ICH cohort, we identified that hemoglobin had 

moderate, inverse correlations with fibrinogen contribution to clot strength (fibrinogen 

assay MCF r: −0.37; p < 0.0001). We continued to identify these relationships in linear 

regression models after adjusting for age, sex, and surgery type (Supplemental Table 2, 

http://links.lww.com/CCM/H226).

In our in vitro study, seven participant samples (four ICH and three healthy controls) 

each underwent four serial hemoglobin modifications, resulting in 28 total samples with 

corresponding hemoglobin and ROTEM results. In this study, we identified that with 

modifications of blood samples to sequentially lower hemoglobin concentrations, there were 

progressively faster coagulation kinetics and greater clotting strength (Fig. 4; Supplement 

Fig. 1, http://links.lww.com/CCM/H226). In repeated measure mixed model analyses, for 

each 1-g/dL decrease in hemoglobin, there was a 1.3-second decrease in coagulation kinetics 

(EXTEM CFT) (95% CI, −3.02 to 0.40; p = 0.12) and a 0.55 mm amplitude increase in 

clot strength (EXTEM MCF) (95% CI, −0.09 to 1.19, p = 0.08). However, these estimates 

were imprecise and heavily influenced by small sample size comparisons. Notably, although 

there was a measurable impact of hemoglobin concentration change on viscoelastic testing 
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parameters, these changes primarily fell within normal references ranges. There were no 

correlations of hemoglobin with PT, aPTT, or platelet count. Although there were moderate 

correlations seen between hemoglobin and fibrinogen (r: −0.47; p = 0.04), we did not 

identify relationships of hemoglobin with fibrinogen in our mixed model analyses (effect 

estimate, 3.62; 95% CI, −25.3 to 32.5; p = 0.79).

DISCUSSION

In our three separate patient cohorts who were all admitted to an intensive care unit, we 

observed that blood samples from patients with lower hemoglobin concentrations had faster 

ROTEM/TEG coagulation kinetics and stronger clot strength. This finding was consistent 

across ROTEM/TEG testing platforms, ICH cohorts, and disease state cohorts. Our study 

confirms prior observations that as hemoglobin decreases (mostly within the normal range), 

these assays suggest clot propagation becomes more rapid and clot strength increases 

(9–14). This laboratory relationship runs counter to clinical observations where lower 

hemoglobin associates with slower bleeding times and increased bleeding complications. 

Thus, our identified laboratory relationships appear to reflect an artifact of the testing 

modality itself, rather than a true in vivo relationship. Because our findings were specific 

to vulnerable patient populations evaluated with viscoelastic hemostatic assay testing 

for diagnostic and treatment guidance for hemorrhage control, this emphasizes the need 

to consider the impact of hemoglobin concentrations on the accurate interpretation and 

treatment decisions made based on these tracings.

Because our hemoglobin-ROTEM/TEG tracing relationships were observed in patients 

presenting with an acute ICH, it makes it less likely that low hemoglobin states are 

associated with true conditions of rapid and increased clotting in vivo. There has 

been evidence to support that lower hemoglobin concentrations are related to larger 

hemorrhage volumes and bleeding complications, not thrombosis, across multiple disease 

processes including ICH (1, 2, 4, 5). Yet is notable that ICH itself can impact and 

upregulate coagulation, resulting in hypercoagulable viscoelastic hemostatic assay tracings 

in response to the severity of ICH and subsequent inflammatory processes themselves 

(17, 28). However, it is additionally unlikely that our hemoglobin-ROTEM/TEG tracing 

relationship was confounded by ICH severity as we adjusted for ICH volume in our 

models. These separate clinical observations may support that these laboratory relationships 

represent artifacts of ROTEM/TEG platforms. However, it is worth mentioning the 

complex relationships that hemoglobin concentrations have at both extremes (i.e., both 

low and high hemoglobins) with coagulation, hemostasis, and poor clinical outcomes 

across cardiovascular disease (29, 30). To this extent, it is important to highlight that 

our data did not contain information on bleeding or thrombotic complications to establish 

clinical evidence of a discordance of ROTEM/TEG parameters with downstream clinical 

complications (i.e., ongoing bleeding complications despite hypercoagulable ROTEM/TEG 

results). Thus, future work will be needed to comprehensively identify relationships of 

hemoglobin concentrations, viscoelastic tracings, and clinical complications/outcomes to 

identify better diagnostic treatment paradigms.
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However, our in vitro study appeared to provide additive evidence that the hemoglobin-

ROTEM/TEG tracing relationships were driven by laboratory-based artifacts. We identified 

sequentially faster coagulation kinetics and greater clot strength as blood samples were 

modified to lower hemoglobin concentrations. These in vitro findings were seen across 

and within ICH patient and control subjects’ blood sample modifications. Importantly, this 

appears to confirm the relevance and generalizability of similar relationships identified 

from prior in vitro studies (9, 10, 13) to hospitalized, bleeding patients whose coagulation 

response to injury is different compared to noninjured controls. The mechanism for these 

in vitro artifacts has been posited to be driven by increased plasma content in the testing 

cuvette. Given the higher plasma to RBC content ratio seen in the cuvette from patient 

samples with lower hemoglobin states, it is feasible that these testing platforms will detect 

faster coagulation kinetics and clotting strength due to the higher concentration of plasma 

coagulation factors and fibrinogen generation and decreased interference of this process 

from RBCs.

Collectively, these findings emphasize the clinical importance of considering the impact that 

hemoglobin has on ROTEM/TEG tracings and a potential need to develop a “correction 

factor” for these tracings based on hemoglobin concentrations. Because this testing has 

become an increasingly utilized clinical diagnostic tool in identifying coagulopathy and 

treatment targets for bleeding patients, it is easy to envision a scenario where a patient-

specific variable (i.e., low hemoglobin) that results in artifactually faster and stronger 

clotting test results could lead to undertreatment of relevant coagulopathy. Notably, most 

of our patients had “normal,” nonanemic hemoglobin levels as well as viscoelastic 

parameters falling within “normal” references ranges. Yet, our hemoglobin-ROTEM/TEG 

relationship was consistent across a broad range of these concentrations. We did not note a 

threshold effect of our data, thus speaking to the large influence and measurable effect that 

hemoglobin concentrations had on our ROTEM/TEG data.

Subsequently, this hemoglobin-ROTEM/TEG relationship becomes even more relevant to 

consider in scenarios outside of the ICH and perioperative patients that we studied. In 

settings of trauma where blood loss can be significant, dynamic changes in viscoelastic 

hemostatic assay tracings may occur in response to a patient’s changing hemoglobin 

concentration, thus masking the patient’s true clinical/in vivo coagulation status. Although 

there are no studies that have yet investigated whether this hemoglobin-ROTEM/TEG 

relationship exists in samples from trauma patients, this needs to be explored as they 

may be the ones most vulnerable to the effects of the testing artifact that we identified. 

The clinical efficacy of viscoelastic hemostatic assay–guided resuscitation approaches in 

trauma is currently uncertain. Although one trial identified a clinical benefit of viscoelastic 

hemostatic assay–guided resuscitation in trauma, the follow-up Implementing Treatment 

Algorithms for the Correction of Trauma-Induced Coagulopathy (ITACTIC) study was 

unable to replicate these results (15, 21). Though baseline hemoglobin concentrations were 

not available to compare between these two trials, the prerandomization RBC transfusion 

strategies differed between the two studies. It could be posited that a patient cohort with a 

“less aggressive” prerandomization RBC transfusion strategy would have patients that had 

lower baseline hemoglobin subject to potential viscoelastic hemostatic assay in vitro results 
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that do not reflect the in vivo coagulation status, leading to potential undertreatment in the 

viscoelastic hemostatic assay-guided transfusion arm.

Although there were inherent strengths to our study, there are several study limitations 

worth noting. First, our observational data did not have available baseline assessments of 

critical illness severity to assess how this could impact the observations noted between 

hemoglobin and ROTEM/TEG tracings. Though we accounted for ICH volume, a surrogate 

marker of ICH severity, it is unclear whether other ICH specific severity factors (i.e., ICH 

location) or concurrent systemic critical illness could modulate hemoglobin concentrations 

and ROTEM/TEG tracing relationships over time. Second, our observational study did not 

have data on fibrinogen or more granular assessments of functional coagulation to provide 

additional mechanistic insights into the relationship between ROTEM/TEG parameters 

and hemoglobin levels observed. Our in vitro study provided evidence that the observed 

relationships appear to be driven by changes in hemoglobin to plasma concentration ratios. 

However, future work is required to assess whether this is driven by augmented fibrinogen, 

platelet, coagulation factor, or some other activity. In parallel, we did not have complete 

CBC data to differentiate any potential impacts that hemoglobin, hematocrit, or RBC 

number could separately have on these viscoelastic testing results. Thus, it remains to 

be seen whether our hemoglobin-viscoelastic hemostatic assay relationships were driven 

by hemoglobin itself, or the number and/or size of the RBCs. Additionally, all samples 

analyzed from this study were collected using citrate and then recalcified prior to testing. 

Given described relationships of this processing technique with hypercoagulable tracing 

changes (31), it is unclear whether our relationships would similarly be identified in 

whole blood point-of-care processing techniques (those that do not utilize citrate and 

recalcification). Finally and perhaps most importantly, we did not have the ability to test the 

sequential changes in ROTEM/TEG tracings across a comprehensive span of hemoglobin 

concentrations to create a reliable “correction factor” for the relationship observed. These 

limitations highlight a growing need for clinicians and researchers to understand preanalytic 

variables that impact clinical laboratory testing results. A better case-by-case and systematic 

understanding of these variables will allow for improved clinical implementation and 

treatment decisions based on a patient’s true in vivo coagulation status to improve outcomes 

for these types of bleeding patients.

CONCLUSIONS

Hemoglobin concentration appears to have a measurable effect on viscoelastic hemostatic 

assay parameters in ICU admitted patients who receive these tests for diagnostic and 

treatment guiding purposes. These effects need to be accounted for in the interpretation 

and subsequent clinical treatment decisions made upon these results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

Question:

Does hemoglobin concentration impact viscoelastic hemostatic assay parameters?

Findings:

ICU admitted patients with lower hemoglobin concentrations had faster and stronger 

viscoelastic clotting characteristics. Rather than a true in vivo relationship, an 

in vitro study demonstrated that blood samples sequentially modified to lower 

hemoglobin concentrations resulted in artificially faster and stronger viscoelastic clotting 

characteristics.

Meaning:

As hemoglobin concentration drops, viscoelastic assay parameters appear to show faster 

and stronger clotting. This runs counter to what is seen clinically and reflects an artifact 

of the test. Further work should be undertaken to determine the clinical implications of 

this phenomenon.
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Figure 1. 
Baseline whole blood viscoelastic hemostatic assay results. (1) Rotational 

thromboelastometry (ROTEM) coagulation time (CT) and thromboelastography (TEG) 

reaction (R) time: time to initial clot formation; (2) ROTEM clot formation time (CFT) and 

TEG kinetics time (K): clot propagation speed, fibrin activation; (3) ROTEM and TEG alpha 

angle: clot propagation, fibrin activation; (4) ROTEM maximum clot firmness (MCF) and 

TEG maximum amplitude (MA): peak clot strength, platelet and fibrinogen contribution; (5) 

ROTEM maximum lysis (ML) and TEG lysis index 30 (LI30): reduction of clot strength, 

fibrinolysis. EXTEM = extrinsic pathway, FIBTEM = fibrinogen assay, ICH = intracerebral 

hemorrhage, INTEM = intrinsic pathway, IQR = interquartile range, K = kinetics time, R = 

reaction time.
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Figure 2. 
Correlations of baseline hemoglobin with rotational thromboelastometry (ROTEM). 

Hemoglobin (x axis) is directly correlated with coagulation kinetics (ROTEM extrinsic 

coagulation pathway [EXTEM] clot formation time [CFT] is depicted on y axis) and 

inversely correlated with coagulation strength (ROTEM EXTEM maximum clot firmness 

[MCF] is depicted on y axis).
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Figure 3. 
Correlations of baseline hemoglobin with thromboelastography (TEG). Hemoglobin (x axis) 

is directly correlated with coagulation kinetics (TEG kinetics time [K time], depicted on y 
axis) and inversely correlated with coagulation strength (TEG maximum amplitude [MA], 

depicted on y axis).
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Figure 4. 
In vitro modification of hemoglobin to lower concentrations results in sequential changes 

in rotational thromboelastometry (ROTEM) tracings, specifically faster coagulation kinetics 

and greater clot strength, in intracerebral hemorrhage (ICH) patients and healthy controls. 

(1) Extrinsic coagulation pathway (EXTEM) clot formation time (CFT): assessment of 

coagulation kinetics; (2) EXTEM maximum clot firmness (MCF): assessment of clot 

strength. Initial nonmodified blood sample A, depicting RBC column (dark gray shading) 

and plasma column (light gray shading). Sequential hemoglobin modifications to lower 

concentrations by removing greater volumes of RBC from the cell layer (samples B–D) 

results in faster coagulation kinetics (1) and greater clot strength (2). Dotted lines on 

ROTEM tracing cartoon depiction indicate reference range of EXTEM MCF.
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