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ABSTRACT 
 
Objectives: Few studies detail the evolution of Coronavirus disease 2019 (COVID-19) associated coagulopathy in 

critically-ill patients. We aimed to perform serial thromboelastography (TEG) and laboratory coagulation studies 

on critically-ill patients with COVID-19 over a 14-day period, comparing variables in 30-day survivors with those 

in non-survivors. 

Design: Prospective. 

Setting: Intensive care unit (ICU) in Cape Town, South Africa. 

Subjects: Forty patients with severe COVID-19 pneumonia admitted to ICU for mechanical ventilation. 

Interventions: None. 

Measurements & Main Results: On admission, TEG maximum amplitude (MA) with heparinase correction was 

above the upper limit of the reference range in 80% of patients while 82.5% presented with absent clot lysis. 

The functional fibrinogen MA was also elevated above the upper limit of the reference range in 92.5% of 

patients. All patients had elevated D-dimer and fibrinogen levels, prolonged prothrombin times (PT), normal 

platelet counts and activated partial thromboplastin times (aPTT). No significant differences in laboratory 

coagulation studies and TEG analysis were noted between survivors and non-survivors on admission. The 

heparinase MA decreased significantly with time and normalised in non-survivors on day 14 (p=0.01). The 

functional fibrinogen MA continued to increase in non-survivors compared to survivors on day 14 however this 

difference was not statistically significantly (p=0.07). No patients developed disseminated intravascular 

coagulation (DIC) according to the International Society on Thrombosis and Haemostasis (ISTH) after 14 days, 

however thrombosis and bleeding were each reported in 7.5% of patients.  

Conclusion: Critically-ill patients with COVID-19 admitted to ICU for mechanical ventilation were in a 

hypercoagulable state as demonstrated by TEG analysis. This state evolved over the 14-day observation period, 

emphasizing the importance of regular monitoring of coagulation parameters in these patients. A small group 

developed thrombotic complications despite therapeutic anticoagulation, however a similar proportion suffered 

a bleeding event, indicating that routine therapeutic anticoagulation should be practiced with caution. 

Word Count: 300 
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Abstract 

Objectives: Few studies detail the evolution of Coronavirus disease 2019 (COVID-19) associated coagulopathy in 

critically-ill patients. We aimed to perform serial thromboelastography (TEG) and laboratory coagulation studies 

on critically-ill patients with COVID-19 over a 14-day period, comparing variables in 30-day survivors with those 

in non-survivors. 

Design: Prospective. 

Setting: Intensive care unit (ICU) in Cape Town, South Africa. 

Subjects: Forty patients with severe COVID-19 pneumonia admitted to ICU for mechanical ventilation. 

Interventions: None. 

Measurements & Main Results: On admission, TEG maximum amplitude (MA) with heparinase correction was 

above the upper limit of the reference range in 80% of patients while 82.5% presented with absent clot lysis. 

The functional fibrinogen MA was also elevated above the upper limit of the reference range in 92.5% of 

patients. All patients had elevated D-dimer and fibrinogen levels, prolonged prothrombin times (PT), normal 

platelet counts and activated partial thromboplastin times (aPTT). No significant differences in laboratory 
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coagulation studies and TEG analysis were noted between survivors and non-survivors on admission. The 

heparinase MA decreased significantly with time and normalised in non-survivors on day 14 (p=0.01). The 

functional fibrinogen MA continued to increase in non-survivors compared to survivors on day 14 however this 

difference was not statistically significantly (p=0.07). No patients developed disseminated intravascular 

coagulation (DIC) according to the International Society on Thrombosis and Haemostasis (ISTH) after 14 days, 

however thrombosis and bleeding were each reported in 7.5% of patients.  

Conclusion: Critically-ill patients with COVID-19 admitted to ICU for mechanical ventilation were in a 

hypercoagulable state as demonstrated by TEG analysis. This state evolved over the 14-day observation period, 

emphasizing the importance of regular monitoring of coagulation parameters in these patients. A small group 

developed thrombotic complications despite therapeutic anticoagulation, however a similar proportion suffered 

a bleeding event, indicating that routine therapeutic anticoagulation should be practiced with caution. 

Word Count: 300 

 

Introduction 

In December 2019 a pneumonia-like illness emerged in Wuhan, Hubei Province in Central China. This 

was found to be caused by a novel Corona virus, Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-

2) (1). Coronavirus disease 2019 (COVID-19) has since spread rapidly across the globe, affecting most nations 

worldwide. At the time of writing, global confirmed cases exceed 162 million with over 3.3 million recorded 

deaths (2). COVID-19 is associated with a hypercoagulable state characterised by elevated fibrinogen and D-

dimer levels (3) and high rates of venous thromboembolism (VTE) in critically-ill patients despite 

thromboprophylaxis (4-9). The four key mechanisms regarded to be responsible for this prothrombotic state 

include widespread endothelial damage, activation of the coagulation system and platelets, and suppression of 

fibrinolysis (10). 

 

The high rates of VTE in this group has led to much controversy regarding the management of their 

thrombosis risk. In September 2020, the International Society on Thrombosis and Haemostasis (ISTH) 

subcommittee recommended standard prophylactic dose anticoagulation for all hospitalized COVID-19 patients, 

escalating to intermediate dosing in the critically ill, and full-dose anticoagulation in the setting of suspected or 

confirmed VTE (11). Early in the pandemic, a significant relationship between an elevated D-dimer level and 
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non-survival was identified with utility in predicting the risk of thrombosis, disease severity and outcomes 

(12,13). The D-dimer, unfortunately, has several limitations due to its poor specificity (14) which has led to the 

use of viscoelastic tests, such as thromboelastography (TEG), in critically-ill COVID-19 patients. 

 

TEG is a point of care test used to demonstrate overall clotting and fibrinolytic activity of whole blood 

in vitro. It was first used to identify bleeding abnormalities and guide blood transfusion strategies (14,15). More 

recently TEG has been validated to identify hypercoagulable states and evaluate risk for thromboembolic events 

(15,16). Reports of TEG in critically-ill COVID-19 patients admitted to the intensive care unit (ICU) have 

demonstrated increased clot strength and hypofibrinolysis, and thus a hypercoagulable state (6,17-19). These 

studies have all evaluated TEG at a single time point during ICU admission. The evolution of the COVID-19 

associated coagulopathy over time using TEG has not been fully described. We thus performed serial TEG 

analysis on critically-ill COVID-19 patients together with laboratory coagulation studies to elucidate the 

evolution of the COVID-19 associated coagulopathy in an attempt to improve therapy and patient outcomes.  

 

Materials and Methods 

Study Design and Subjects 

This was a single centre, prospective, descriptive study which included 40 consecutive patients 

admitted to ICU between July 19, and August 13, 2020 at Groote Schuur Hospital, a tertiary academic center in 

Cape Town, South Africa. Ethics approval was obtained from the Human Research and Ethics Committee of the 

Faculty of Health Sciences of the University of Cape Town (HREC 400/2020). Delayed informed consent was 

obtained for survivors and proxy consent for non-survivors. All patients admitted to ICU during the study period 

with severe COVID-19 pneumonia, as defined by the World Health Organisation, were eligible for enrolment 

(20). Study patients were intubated and mechanically ventilated, and had laboratory confirmed SARS-CoV-2 by 

reverse transcription-polymerase chain reaction test. Patients were excluded if they were younger than 18 

years of age, pregnant, known to have active cancer, a bleeding disorder, or chronic anticoagulation/anti-

platelet therapy. 

 

Standard of Care 
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Laboratory coagulation studies for COVID-19 patients admitted to ICU included a D-dimer and 

fibrinogen level, platelet count, prothrombin time (PT) and activated partial thromboplastin time (aPTT). As per 

local institutional guidelines, all critically-ill patients received glucocorticoid therapy (6mg dexamethasone IV) 

once daily and full therapeutic anticoagulation for VTE prevention. Anticoagulation was achieved with 

enoxaparin 1mg/kg twice daily or unfractionated heparin (UFH) infusion, depending on the individual clinical 

scenario, and in the absence of contraindications (21). Enoxaparin was monitored using anti-factor Xa levels, 

targeting 0.6-1.0IU/ml. UFH was monitored targeting an activated clotting time (ACT) of 180-220sec. Screening 

imaging for VTE was not standard of care, but was performed at the discretion of the treating physician when 

clinically indicated. 

 

Data and Sample Collection 

Laboratory coagulation studies were performed on day 1 of ICU admission and again on day 14 using 

samples collected from an indwelling arterial line. TEG analysis was performed on days 1, 7 and 14 of ICU 

admission using blood from 3.2% sodium citrate Vacutainer BD® tubes, as per manufacturers 

recommendations. TEG analysis was performed within 30 minutes of sample collection and not specifically 

timed to heparin dosing. The same operator conducted the TEG analysis in all cases to prevent inter-operator 

variability. Patient information collected included: age, sex, body mass index (BMI),comorbidities, 

anticoagulation use/dosage, glucocorticoid use/dosage, date of symptom onset and ICU admission. Disease 

severity scores included ratio of arterial oxygen partial pressure to fractional inspired oxygen (Pa02/Fi02 ratio) to 

classify severity of acute respiratory distress syndrome (ARDS)(22), the sequential organ failure assessment 

(SOFA) score to quantify organ involvement (23), and the ISTH disseminated intravascular coagulation (DIC) 

score to determine presence of DIC (24). Outcomes measured included survival at 30 days, death, bleeding 

events and thrombotic complications. Bleeding events were included if they met the criteria for major bleeding 

according to the Control of Anticoagulation Subcommittee of the ISTH (25). Thrombotic complications included 

those confirmed on imaging studies from computerised tomography scan or ultrasonography, where requested 

by the treating physician. 

 

Thromboelastography  

TEG analysis was performed using the TEG 6 analyser (Haemonetics®, Braintree, MA). 
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Two TEG reagents were recorded: TEG with citrated kaolin in heparinase which neutralises the effect of heparin 

and TEG functional fibrinogen, which contains tissue factor and a glycoprotein IIb/IIIa platelet receptor inhibitor 

to isolate the contribution of fibrinogen to clot strength (26). The citrated kaolin TEG was not included in the 

analysis due to the use of heparin therapy by all patients. TEG parameters recorded included the R-time, K-time, 

α-angle, heparinase maximum amplitude (HMA), functional fibrinogen maximum amplitude (FFMA) and clot-

lysis at 30 minutes (LY30). Figure 1 illustrates a standard TEG and functional fibrinogen tracing. 

Hypercoagulability was defined as an HMA above the upper limit of the reference range (>68mm) (27). Patient 

parameter values were compared to the reference ranges provided by the TEG 6 operating manual.  

 

Statistical analysis 

A statistically significant sample size was calculated prior to commencement of the study using TEG 

results from critically-ill COVID-19 patients by Mortus et al (19). Statistical analysis was performed using 

STATA/SE®. Data for descriptive analysis was reported as mean (standard deviation [SD]), median (interquartile 

range [IQR]) or number (%) as appropriate. Temporal changes in coagulation parameters and disease severity 

scores over the 14-day observation were presented as median (IQR). Spearman’s correlation coefficient (rho) 

was used to determine the relationship between laboratory coagulation studies and TEG parameters. P-values 

were calculated using the student t-test, Mann-Whitney U test, χ2 test or Fisher’s exact test as appropriate. A p-

value of less than 0.05 was deemed statistically significant. 

 

Results 

Forty patients were included in the study. All patients were intubated and mechanically ventilated with 

median admission SOFA score of 4 (4-6) and PaO2/FiO2 ratio 95 (64-124). One patient required renal 

replacement therapy and one other extracorporeal membrane oxygenation (ECMO). The mean age was 55 

years (±8) and 26 patients (65%) were male. Twenty-eight patients (70%) had hypertension, 27 (67.5%) diabetes 

and 34 (85%) were overweight or obese with a BMI >25kg/m2 (27). The median time from onset of symptoms to 

ICU admission was 11.5 days (8-14). All patients received glucocorticoid therapy during their ICU stay. Thirty-

nine patients (97.5%) received therapeutic anticoagulation, 37 (92.5%) of those received LMWH and 2 (5%) UFH 

due to acute renal failure and ECMO therapy respectively. One patient (2.5%) received prophylactic dose 

heparin, due to a perceived increased bleeding risk by the treating physician. 
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At 30-day follow up, 6 patients (15%) were still in ICU, one (2.5%) in the medical ward, 6 (15%) had 

been discharged home and 27 (67.5%) demised with a median time from ICU admission to death of 11 days (4-

19). Figure 2 details the 14-day follow up and 30-day outcomes of study patients. Clinically significant bleeding 

events occurred in three patients (7.5%) whilst receiving therapeutic anticoagulation. These included pulmonary 

haemorrhage requiring massive blood transfusion, intracranial haemorrhage leading to brain stem death and 

epistaxis requiring cauterization (see supplementary figures). Confirmed large vessel thrombotic complications, 

including pulmonary embolus, cardiac ventricular thrombus and lower limb deep venous thrombosis, occurred 

in three patients (7.5%) despite therapeutic anticoagulation. All patients with a bleeding or thrombotic event 

did not survive.  

 

Table 1 displays characteristics, laboratory coagulation and TEG values of study patients on admission. 

Admission laboratory coagulation studies demonstrated a prolonged PT, elevated D-dimer and fibrinogen level, 

normal platelet counts and aPTT. The median DIC score on admission was 3 (2-3) with only one patient meeting 

the ISTH criteria for DIC (24). Admission TEG analysis confirmed a hypercoagulable state, with an HMA above 

the upper limit of the reference range in 32 (80%) patients and absent clot lysis in 33 (82.5%). FFMA was also 

above the upper limit of reference range in 37 (92.5%) patients on admission. No significant differences were 

noted between the survivor and non-survivor groups on admission except for BMI (p=0.02) and urea level 

(p=0.02). Associations between admission laboratory coagulation studies and TEG analysis were found to be 

weak to moderate. The HMA correlated with D-dimer level (r=0.39, p=0.01) and platelet count (r=0.54, p<0.001) 

while FFMA correlated with fibrinogen level (r=0.41, p=0.01). 

 

Of the 40 patients recruited, 11 died within 7 days of ICU admission and therefore could not be 

followed up over the 14-day observation. Table 2 details the differences between admission characteristics, 

laboratory coagulation and TEG values of these 11 patients who demised and the survivors. There were no 

significant differences between these two groups with the exception of sex (p=0.046), BMI (p=0.002) and PT 

(P=0.013). 
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Due to the early deaths and discharges, only 21 of the 40 patients could be evaluated for evolution in 

coagulopathy over the 14-day observation. Figure 3 illustrates temporal changes in disease severity scores, 

laboratory coagulation and TEG values over the 14-day observation for these 21 patients. Overall 30-day 

survivors and non-survivors are represented as blue and red respectively. No significant differences were noted 

between the survivors and non-survivors for all timepoints except for aPTT and SOFA on day 14 (p=<0.01, 

p=0.01 respectively). Table 3 details coagulation parameters and disease severity scores for these 21 patients at 

all timepoints. In survivors, disease severity scores such as SOFA (p=<0.01) and Pa02/Fi02 ratio (p=0.02) 

improved significantly on day 14 when compared to admission. In non-survivors, overall clot strength as 

denoted by HMA decreased significantly (p=0.01) and returned to normal reference ranges on day 14 while the 

aPTT prolonged (p=0.01), however always remaining within the normal reference ranges.  

 

Discussion 

Critically-ill patients with COVID-19 present with a distinct coagulopathy characterised by an overall 

hypercoagulable state. In this study which focused on mechanically ventilated patients, TEG analysis clearly 

demonstrated increased clot strength and hypofibrinolysis in the majority of patients on admission, which is 

consistent with other TEG studies involving critically-ill COVID-19 patients (6,17-19). This hypercoagulable state 

evolved over the 14-day observation with overall clot strength returning to normal reference ranges in the non-

survivor group. Laboratory coagulation studies revealed markedly elevated D-dimer and fibrinogen levels that 

are in alignment with published literature demonstrating the prognostic value of these parameters (3,12,13). 

Although the PT was marginally prolonged throughout, the platelet count and aPTT always remained within the 

normal reference ranges over the 14-day observation period for both survivors and non-survivors.  

 

Hyperfibrinogenaemia was noted in 36 (90%) patients on ICU admission. On day 14 the median 

fibrinogen levels decreased from above 5 g/L to 4.95 g/L in survivors. Although this is still elevated, it suggests a 

diminished inflammatory state when compared to non-survivors where levels persisted above 5 g/L. The 

elevated fibrinogen levels were found to positively correlate with FFMA, which was also above the upper limit of 

the reference range in 37 (92.5%) patients on admission. The FFMA continued to rise in non-survivors when 

compared to survivors, suggesting a persistently unquenched inflammatory state in those who died. In non-

COVID trauma patients, fibrinogen contributes approximately 30% to overall clot strength with the remainder 
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contributed by platelets (29).  In this group of critically-ill COVID-19 patients, fibrinogen’s contribution to clot 

strength exceeds the 30% previously reported in non-COVID patients. These findings suggest that fibrinogen, an 

acute phase reactant, plays a significant role in increased clot strength in critically-ill COVID-19 patients. 

Hypofibrinolysis was also noted in most patients on admission to ICU. This finding is well reported in the 

literature and is thought to be due to the suppression of plasmin activity through increased plasminogen 

activator inhibitor-1 and suppressed urokinase-type plasminogen activator (10) 

 

Normal to elevated platelet counts were present in 36 (90%) patients on admission. Three (7.5%) 

patients had platelet counts below the lower limit of the reference range and 1 (2.5%) had moderate 

thrombocytopenia (<100 x 109 /L), likely due to sepsis related to candidaemia (30). A meta-analysis of 9 studies 

performed by Lippi et al (31) found that a platelet count below the lower limit of the reference range was 

associated with a five-fold higher risk of severe COVID-19. They also noted a substantial decrease in platelet 

counts in non-survivors, reflecting either secondary infection or a platelet-viral interaction. We found platelet 

counts progressively decreased in both survivors and non-survivors over the 14-day observation, however the 

change and difference between the two groups were not statistically significantly. Median platelet counts also 

remained within the normal reference ranges illustrating that thrombocytopenia was not a prominent feature in 

our cohort. It is of interest however, that the HMA approaches normal reference ranges in non-survivors on day 

14 despite a worsening FFMA. Since the platelet count positively correlated with HMA, the normal HMA could 

be the result of a lower platelet contribution to clot strength. The reason for this finding is unclear, therefore 

more detailed follow up of platelet function using platelet mapping would better elucidate the underlying 

mechanism. 

 

Comorbidities such as hypertension (70%), diabetes (67.5%) and obesity (52%) were noted in the 

majority of patients. This aligns with other studies reporting these risk factors in patients with severe disease, 

likely due to underlying endothelial dysregulation (32). Endothelial cells, which play an integral role in regulating 

inflammatory, thrombotic and immune reactions, are disrupted upon invasion by SARS-CoV-2 via the ACE-2 

receptor (33). This disruption leads to a severe systemic inflammatory response with an associated 

coagulopathy  (3,10,32-34). All patients presented with severe ARDS (22) and a median admission SOFA of 4. 

Survivors had a significantly lower SOFA score and an improved Pa02/Fi02 ratio on day 14, signaling clinical 
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improvement when compared to non-survivors. Large vessel thrombosis was diagnosed in 7.5% of patients 

despite therapeutic anticoagulation. This is a lower rate of thrombosis compared to previous studies (4-9) and 

could be for various reasons. Firstly, local guidelines advocated therapeutic anticoagulation for all critically-ill 

COVID-19 patients (21). Secondly, routine screening for VTE was not standard of care due to resource 

constraints and infection risks, thus subclinical thromboses may have been missed. Clinically significant bleeding 

complications were found in the same proportion of patients and correlates with published data. In a 

retrospective multicenter study by Al-Samkari et al (35), involving 144 critically-ill COVID-19 patients receiving  

standard dose thromboprophylaxis, 7.6% of patients suffered clinically significant bleeding, an event rate similar 

to ours. Although DIC was rare in our setting, one patient met the ISTH criteria for DIC on admission. This was 

likely due to candidaemia (30) and this patient survived. Tang et al (12) initially reported that 71.4% of non-

survivors developed DIC after a median time of 4 days after admission. Contrary to this, we recorded no true 

cases of DIC, nor could we demonstrate an evolution to DIC over the 14-day observation. 

 

The main objective of this study was to describe the evolution of coagulopathy in critically-ill, 

mechanically ventilated COVID-19 patients using TEG. It was designed with a 14-day follow up to investigate the 

development of DIC in non-survivors as postulated by Tang et al (12). Although it was not designed to test the 

utility of TEG in this cohort, we did find the data produced clinically useful. TEG was able to reliably identify a 

hypercoagulable state and clearly demonstrated the relative contributions of fibrinogen and platelets toward 

overall clot strength. TEG analysis in those who bled also revealed a hypocoagulable state with an increased 

propensity toward bleeding, likely from excessive anticoagulation. As TEG analysis was not specifically timed to 

heparin dosing, the citrated kaolin TEG was often difficult to interpret and therefore omitted from the data 

analysis. For future studies, standardised timing of TEG analysis to heparin dosing may be useful in identifying 

those at risk of over anticoagulation and assist in the personalising of anticoagulation therapy. We were unable 

to demonstrate any significant differences in TEG parameters between survivors and non-survivors at all time 

points which questions the usefulness of TEG at identifying those at risk of poor outcomes. Although a sample 

size was calculated, this study was limited because many patients could not be followed up due to early death 

or discharge. Our laboratory testing of coagulation studies also had limitations since D-dimer and fibrinogen 

levels could only be reliably measured up to 5.25 mg/L and 5 g/L respectively. Thus, for statistical purposes, all 

values above the upper measurable limit were reported as 5.25 mg/L and 5 g/L. Therefore, fibrinogen and D-



 25 

dimer levels reported here probably underestimate the true results. Further studies should include a larger 

patient cohort, with more frequent and prolonged follow up of TEG to clearly illustrate the trends identified in 

this study. The TEG platelet mapping assay would also better elucidate the role of platelets in increased clot 

strength.  

 

Conclusion 

Our study demonstrated that patients with severe COVID-19 pneumonia admitted to ICU for 

mechanical ventilation were in a hypercoagulable state as evidenced by TEG analysis. This hypercoagulable state 

was predominantly due to increased clot strength, mainly from the contribution of fibrinogen and evolved over 

the 14-day observation. Although a small proportion of patients developed radiologically confirmed thrombosis 

despite therapeutic anticoagulation, an equal proportion developed severe bleeding complications. Therefore, 

caution is needed in the routine use of therapeutic anticoagulation in these patients. 
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FIGURE 1: Thromboelastography tracing  
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Figure 1: Diagram illustrating a heparinase and functional fibrinogen thromboelastography tracing with all measured parameters and normal 
reference ranges. R = reaction, K = kinetic, α = alpha, MA = maximum amplitude, LY-30 = lysis of clot at 30minutes. 
 
 
 
FIGURE 2: Study cohort flow chart   
 

 
 
Table 1: Clinical characteristics, laboratory coagulation studies and thromboelastography 
parameters for study patients on admission to the intensive care unit.   
 
 

Time (min)

Amplitude (mm)

R = Time from start 
of test to initial 
fibrin formation

K = Time taken to reach a 
certain clot strength 

α – angle = 
Measures
rate of clot 
formation 

MA = Represents overall clot strength and 
interaction between platelets and fibrin-
crosslinking 

Functional Fibrinogen MA = This assay contains
glycoprotein IIb/IIIa to isolates fibrinogens contribution 
to clot strength.

LY-30 = Percentage clot 
lysis at 30 minutes 

Normal Values 
R: 4.3-8.3min
K: 0.8-1.9min
α - Angle: 66-77 degrees
MA: 52-68mm for Heparinase assay

15-32mm for functional fibrinogen assay 
LY30: 0-8%

Day 7 evaluation
29/40 (73%)

Day 14 evaluation
21/40 (53%)

Patients recruited into study (n=40)
Day 1 evaluation

40/40 (100%)

5/29 (17%) died before 14-day follow up
3/29 (10%) discharged home before 14-

day follow up

11/40 (27%) died before 7 day follow up 

30-day evaluation
10/40 (25%)

3/10 (30%) discharged home 
6/10 (60%) still in ICU

1/10 (10%) in medical ward

11/21 (52%) died after 14-day follow up 
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Variable on admission Normal reference ranges  Total  
(N=40) 

30-day 
Survivor  
(N=13) 

30-day  
Non-survivor 
(N=27) 

P 
value   

Age, years (SD)  55 (±8) 52 (±9) 56 (±8) 0.09 
Sex 
Female n (%) 
Male n (%) 

  
14 (35) 
26 (65) 

 
7 (54) 
6 (46) 

 
7 (26) 
20 (74) 

0.08 
…. 
…. 

Comorbidities      
Hypertension n (%)  28 (70) 9 (69) 19 (70) 0.94 
Diabetes n (%)  27 (68) 8 (62) 19 (70) 0.58 
BMI (kg/m2)  
Normal weight (18-25) n (%) 
Overweight (>25 and <30) n (%) 
Obese (>30)  n (%) 

  
6 (15) 
13 (33) 
21 (52) 

 
0 (0) 
2 (15) 
11 (85) 

 
6 (22) 
11 (41) 
10 (37) 

0.02 
…. 
…. 
…. 

Disease Severity Scores  
SOFA score (IQR) 
 

  
4 (4-6) 

 
4 (4-4) 

 
4 (4-6) 

 
0.55 

Pa02/Fi02 ratio (IQR) 200 < - ≤ 300 Mild ARDS 
100 < - ≤ 200 Moderate ARDS 
≤ 100 Severe ARDS 
 

95(64-124) 95 (60-103) 96 (66-130)  0.61 

DIC score (IQR) <5 not suggestive of DIC  
 ≥ 5 is suggestive of DIC 

3 (2-3) 3 (2-3) 3 (2-4) 0.55 

Laboratory Values  
Platelet count, X 109/L  (IQR) 

 
171-388 

 
354 (267-
448) 

 
352 (263-466) 
 

 
356 (270-438) 

 
0.86 
 
 

Urea, mmol/L (IQR) 2.1-7.1 9.5 (7.3-
11.6) 

7.7 (5.8-8.5) 10.2 (9.1-
13.0) 

0.02 
 
 

Creatinine, μmol/L (IQR) 
 

64-104 72 (61.5-
117.0) 

67 (64-81) 85 (61-136) 0.32 
 
 

Prothrombin time, s (IQR)a 

 
11-12.5 13.7 (13.0-

15.3) 
 

13.3 (12.8-
13.5) 
 

14.2 (13.2-
15.7) 
 
 

1.00 

Activated partial 
thromboplastin time, s (IQR) 

25.1-36.5 30.1 (28.6-
32.8) 
 

29.9 (28.9-
32.6) 
 

30.2 (28.4-
32.8) 
 

1.00 

D-Dimer, mg/L (IQR) <0.25 1.2 (0.6-3.1) 
 

0.9 (0.6-2.5) 
 
 

1.4 (0.6-4.0) 
 

1.00 

Fibrinogen, g/L (IQR) 2-4 5 (5-5)b 5 (5-5)b 5 (5-5)b 0.59 
TEG Heparinase  
R-time, min (IQR) 

 
4.3-8.3 

 
7.7 (5.8-9.8) 

 
7.7 (7.5-8.2) 

 
7.8 (5.8-10.7) 

 
0.87 
 

K-time, min (IQR) 0.8-1.9 1.1 (0.9-1.7) 1.1 (0.9-1.4) 1.2 (0.9-1.8) 0.46 
 

α-angle, degree (IQR) 64-77 75.4 (69.6-
77.9) 

75.0 (71.3-
78.9) 

75.9 (69.6-
77.9) 

0.87 
 
 

Max Amplitude, mm (IQR) 52-68 70.3 (68.5-
72.1) 

71.1 (69.5-
72.6) 

70.2 (68.5-
71.7) 

0.30 
 
 

LY-30, % (IQR) 0-8 0 (0) 0 (0-0.1) 0 (0) 0.70 
TEG Functional Fibrinogen       
Max Amplitude, mm (IQR) 15-32 47.0 (41.2-

52.6) 
48.3 (41.4-
50.4) 

44.9 (40.2-
52.6) 

0.88 



 31 

Table 1. Demographics, laboratory coagulation studies and thromboelastography (TEG) analysis for all study patients on admission to the 
intensive care unit (ICU). Differences between admission characteristics for overall 30-day survivors (N=13) and non-survivors (N=27) is 
shown with corresponding p-value in parenthesis. Data are reported as mean (±SD), median (IQR), n (%). Normal reference ranges provided. 

a PT laboratory control for the duration of the study was 11.7sec. 

b Value is above the upper measurable limit of fibrinogen in local laboratory. 
 

 

 

 

 
Table 2: Clinical characteristics, laboratory coagulation studies and thromboelastography parameters 
of study patients on admission to the intensive care unit, comparing the 30-day survivors to the 
patients who demised within 7 days. 
 

Variable on admission Normal 
reference 

ranges  

30-day 
Survivor  
(N=13) 

Died before 
7 days 
(N=11) 

 P value 

Age, years (SD)  52 (±9) 57 (±9) 0.171 
Female, n (%)  7 (54) 1 (9) 0.046 
Comorbidities 
  Hypertension, n (%) 
  Diabetes, n (%) 
  Overweight, (BMI >25kg/m2)  n (%) 
  Obese, (BMI >30kg/m2)  n (%) 

  
9 (69) 
8 (62) 
2 (15) 

11 (85) 

 
7 (64) 
8 (73) 
6 (55) 
2 (18) 

 
0.556 
0.444 
0.055 
0.002 

Disease Severity Scores  
  SOFA score (IQR) 
  PaO2/FiO2 ratio (IQR) 
  DIC score (IQR) 

  
4 (4-4) 

95 (60-103) 
3 (2-3) 

 
5 (4-7) 

101 (81-122) 
3 (3-4) 

 
0.360 
0.450 
0.113 

Laboratory Values  
  Platelet count, x 109/L (IQR) 
  Urea, mmol/L (IQR) 
  Creatinine, µmol/L (IQR) 
  Prothrombin time, s (IQR) a 

  Activated partial thromboplastin time, s (IQR) 
  D-Dimer, mg/L (IQR) 
  Fibrinogen, g/L (IQR) 

 
171-388 
2.1-7.1 
64-104 
11-12.5 

25.1-36.5 
<0.25 

2-4 

 
352 (263-466) 
7.7 (5.8-8.5) 
67 (64-81) 

13.3 (12.8-13.5) 
29.9 (28.9-32.6) 

0.9 (0.6-2.5) 
5 (5-5)b 

 
358 (255-438) 
9.3 (6.1-12.8) 
65 (56-136) 

15.0 (13.6-15.8) 
30.2 (28.7-33.3) 

3.0 (0.9-5.3) 
5 (5-5)b 

 
0.776 
0.296 
0.943 
0.013 
0.809 
0.096 
0.399 

TEG Heparinase  
  R time, min (IQR) 
  K time, min (IQR) 
  α-angle, degree (IQR) 
  Maximum amplitude, mm (IQR) 
  LY-30, % (IQR) 

 
4.3-8.3 
0.8-1.9 
64-77 
52-68 

0-8 

 
7.7 (7.5-8.2) 
1.1 (0.9-1.4) 

75.0 (71.3-78.9) 
71.1 (69.5-72.6) 

0 (0-0.1) 

 
6.6 (5.4-9.7) 
1.0 (0.8-2.0) 

77.3 (66.6-78.7) 
70.5 (69.1-71.7) 

0 (0-0.6) 

 
0.579 
0.830 
0.679 
0.503 
0.529 

TEG functional fibrinogen 
  Max Amplitude, mm (IQR) 

 
15-32 

 
48.3 (41.4-50.4) 

 
42.1 (39.4-49.1) 

 
0.353 

 

Table 2 Admission demographics, laboratory coagulation studies and thromboelastography (TEG) analysis for the overall 30-day survivors 
compared to the early death group (those that died before the 7-day evaluation). Differences between the two groups are shown with p-
value in parenthesis.  

a  PT laboratory control for the duration of the study was 11.7sec. 

b Value is above the upper measurable limit of fibrinogen in local laboratory. 

 

 

 

Figure 3: Temporal changes in laboratory coagulation studies, thromboelastography parameters and 
disease severity scores over the 14-day follow up  
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Figure 3: Temporal changes in laboratory coagulation studies, thromboelastography (TEG) parameters and disease severity scores over the 
14-day observation. Differences in admission and day 14 median values for survivors (N=10) and non-survivors (N=11) are represented as 
blue and red respectively with p-values provided.  
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TABLE 3: Laboratory coagulation studies, thromboelastography parameters and disease 
severity scores over the 14-day observation 
 
 

 

Table 3: Differences between survivors (N=10) and non-survivors (N=11) at all time points are shown with p-values in parenthesis.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SUPPLEMENTARY FIGURES  
 

Parameter Normal 
reference 
ranges  

Survivors 
(N=10) 

  Non-
survivors 
(N=11) 

  P-
value 

  

  Day 1 Day 7 Day 14 Day 1 Day 7 Day 14 Day 
1 

Day 7 Day 
14 

D-dimer, mg/L (IQR) <0.25 0.80 (0.5-
2.46) 

 0.93 (0.7-
1.77) 

0.82 (0.44-
3.1) 

 0.79 
(0.47-
2.17) 

0.88  0.94 

Fibrinogen, g/L (IQR) 2-4 5 (5-5)  4.95 (4.5-
5) 

5 (5-5)  5 (5-5) 1.00  1.00 

Prothrombin time, s 
(IQR) 

11-12.5 13.45 
(12.9-13.8) 

 12.8 
(12.5-
13.9) 

14 (12.8-15)  14 (13.4-
14.7) 

0.36  0.12 

Activated partial 
thromboplastin time, s 
(IQR) 

25.1-36.5 29.7 (28.9-
32.6) 

 26.45 
(22.4-
28.6) 

28.8 (27.2-
32.7) 

 32.5 
(27.8-
54.4) 

0.45  <0.01 

Platelet count, X109/L 
(IQR) 

171-388 348.5 
(223-418) 

342.5 
(209-
444) 

316 (261-
429) 

348 (208-
458) 

334 (311-
432) 

291 (271-
334) 

0.76 0.50 0.39 

HMA, mm (IQR) 52-68 71.3 (68.5-
72.6) 

72.3 
(69.5-
72.8) 

70.05 
(66.1-
72.3) 

70.1 (68.2-
71.8) 

71.3 (69.9-
72) 

67.3 
(65.1-
69.4) 

0.62 0.46 0.19 

FFMA, mm (IQR) 15-32 46.65 
(41.2-57.3) 

51.95 
(43.1-
56.7) 

44.15 
(36.9-
50.6) 

41.7 (35.5-
53.7) 

54.4 (45.6-
60.4) 

51.1 
(48.5-
59.9) 

0.70 0.40 0.07 

SOFA (IQR)   4 (4-6) 4 (3-4) 3 (2-4) 4 (3-4) 4 (3-6) 5 (3-6) 0.37 0.29 0.01 
Pa02/Fi02 ratio (IQR)  94 (60-

126) 
106.5 
(77-142) 

168 (129-
215) 

73 (57-130) 93 (73-120) 104 (68-
146) 

0.80 0.48 0.06 
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Figure 1: Detailed thromboelastography tracings for the pulmonary haemorrhage patient 
 

 
Day 1 TEG tracing  

 

 
Day 7 TEG tracing 

 

 
Day 14 TEG tracing 

 

Figure 1: Detailed thromboelastography (TEG) tracings for the patient that suffered a pulmonary haemorrhage on day 10 of admission. All 

anticoagulation was subsequently stopped. CKH=citrated kaolin in heparinise, CFF=citrated functional fibrinogen. Normal reference ranges 

as provided by the TEG 6s operating manual. 
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Figure 2: Detailed thromboelastography tracings for the epistaxis patient  
 

 
Day 1 TEG tracing 

 
 

 
Day 7 TEG tracing 
 

 

 
Day 14 TEG tracing  
 
Figure 2: Detailed thromboelastography (TEG) tracings for the patient that suffered epistaxis on day 16 of admission. All anticoagulation 
was subsequently stopped. CKH=citrated kaolin in heparinise, CFF=citrated functional fibrinogen. Normal reference ranges as provided by 
the TEG 6s operating manual. 
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Figure 3: Detailed thromboelastography tracings for the intracranial haemorrhage patient  
 

 

 
Day 1 TEG tracing  
 
Figure 3: Detailed thromboelastography (TEG) tracings for the patient that suffered an intracranial haemorrhage on day 2 of admission. All 
anticoagulation was subsequently stopped and life support withdrawn. CKH=citrated kaolin in heparinise, CFF=citrated functional 
fibrinogen. Normal reference ranges as provided by the TEG 6s operating manual. 
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APPENDIX 1: DATA CAPTURING SHEET  
 
Admission data collection form 

 
 
 
 

Participant Study Code  [_][_][_][_][_][_] 
 
Date    [_][_]/[_][_]/[2][0] 
Day in ICU    [_][_] 
Date of Symptom onset [_][_]/[_][_]/[2][0] 
 

  
Age    [_][_] 
Sex   Male [_]  Female [_] Other [_] 
Race    Black [_]  White   [_] Coloured [_] Indian [_] Other [_] 
Estimated weight [_][_][_]kg   Estimated height  [_][_][_]cm 
BMI   [_][_] 
Comorbidities   Hypertension     [_] 
   Diabetic              [_] 
   Coronary Artery Disease   [_] 
Thromboprophylaxis LMWH     [_] Dose [_][_][_]mg   [_][_] 
   UF boluses    [_] Dose [_][_][_][_]IU  [_][_][_] 
   UF Infusion    [_] Dose [_][_][_][_]IU/hr 
   None     [_] 
Therapies   Immune modulators    [_] 
   Antivirals     [_] 
   Steroids     [_] 
   Proton Pump Inhibitors    [_] 
SOFA Score   [_][_]     P:F Ratio  [_][_][_] 
DIC Score  [_][_][_] 
Clinically suspected or confirmed thrombotic event in past 7 days DVT      [_] 
        PE     [_] 
        Thrombosed ECMO catheter     [_] 
        Thrombosed Dialysis catheter   [_] 
        Myocardial Infarction    [_] 
        Stroke      [_] 
        Acute Limb Ischaemia    [_] 
Was this event confirmed with imaging?    ________________________________ 
Clinically significant bleeding episode event in past 7 days  Epistaxis     [_] 
        Haematuria     [_] 
        Intracranial Haemorrhage          [_] 
        Intrapulmonary Haemorrhage  [_] 
        UGIB     [_] 
        LGIB     [_] 
        Surgical sites     [_] 
        Wounds     [_] 
        Central Lines    [_] 
Were blood products transfused for the bleeding episode?  RBC     [_] 
        FFP     [_] 
        Cryoprecipitate    [_] 
        Platelets     [_] 
Was this event confirmed with imaging?    ________________________________ 

Fibrinogen  TEG Kaolin  TEG 
Heparinase 

 TEG 
Functional 
fibrinogen 

 

D-Dimer  R Time   R Time   R Time  
PT  K Time   K Time  K Time   
aPTT  a angle   a angle   a angle  
Platelet  MA   MA  MA  
Urea  LY30  LY30  LY30  
Creatinine        

 
 

Patient Sticker  
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Day 7 and 14 Follow up  
 

 
 

Participant Study Code   [_][_][_][_][_][_] 
Day in ICU     [_][_] 
 
Thromboprophylaxis   LMWH   [_] Dose [_][_][_]mg [_][_] 
    UF boluses   [_] Dose [_][_][_][_]IU [_][_][_] 
    UF Infusion  [_] Dose [_][_][_][_]IU/hr 
    None   [_] 
 
Therapies    Immune Modulators  [_] 
    Antivirals  [_] 
    Steroids   [_] 
    Proton Pump Inhibitors [_] 
 
SOFA Score    [_][_]   P:F Ratio   [_][_][_] 
DIC Score   [_][_][_] 
 
Clinically suspected or confirmed thrombotic event in past 7 days? DVT      [_] 
        PE     [_] 
        Thrombosed ECMO catheter     [_] 
        Thrombosed Dialysis catheter   [_] 
        Myocardial Infarction    [_] 
        Stroke      [_] 
        Acute Limb Ischaemia    [_] 
Was this event confirmed with imaging?    _______________________________ 
 
Clinically significant bleeding episode in past 7 days?  Epistaxis     [_] 
        Haematuria     [_] 
        Intracranial Haemorrhage          [_] 
        Intrapulmonary Haemorrhage  [_] 
        UGIB     [_] 
        LGIB     [_] 
        Surgical sites     [_] 
        Wounds     [_] 
        Central Lines    [_] 
Were blood products needed for bleeding episode?   RBC     [_] 
        FFP     [_] 
        Cryoprecipitate    [_] 
        Platelets     [_]  
Was this event confirmed with imaging?    ________________________________ 
 

Fibrinogen  TEG Kaolin  TEG 
Heparinase 

 TEG 
Functional 
fibrinogen 

 

D-Dimer  R Time   R Time   R Time  
PT  K Time   K Time  K Time   
aPTT  a angle   a angle   a angle  
Platelet  MA   MA  MA  
Urea  LY30  LY30  LY30  
Creatinine        

 
 



 40 

APPENDIX 2: CONSENT FORM 
 

Groote Schuur Hospital Patient Information and Consent Form  
 

Thromboelastography in Critically Ill Patients with Covid-19 
 

Principle Investigator  
Dr Malcolm Miller  
Co-Investigators  
Dr Colette Neethling 
Prof Jessica Opie  
 
What is Groote Schuur Hospital and what is this study about? 
Groote Schuur Hospital (GSH) is the chief academic hospital for the University of Cape Town. This means that 
along with being your primary hospital where you seek treatment, it is also an academic institution where 
young doctors are being trained. The University of Cape Town is a well-known research hospital and therefore 
you as a patient play a critical role in developing our research. Research is important to understand disease 
processes and therefore to manage them better.  
 
The aim of this study is to better understand Covid-19 so that we can manage patients better in the future. 
The novel severe acute respiratory coronavirus 2 (SARS-COV-2) was first detected in Wuhan, China and has 
since then spread to 213 countries. Patients admitted to the intensive care unit (ICU) have shown a high 
mortality rate and this proves an area for future improvement. One of the causes of mortality in patients 
admitted to ICU is thrombotic complications. This is when a blood clot obstructs the blood flow to a vital organ 
and causes it to dysfunction. We aim to assess the coagulation status of patients admitted to ICU with Covid-
19 so we can better understand what drives this propensity to clot. If we can understand what happens we can 
better understand why and in future we can institute better management protocols.  
 
What will this involve from me? 
We would like to perform some blood tests on you to assess your coagulation system. The coagulation system 
is a complex system of cells, proteins and processes that dictate your bodies ability to form clots and 
breakdown clots in response to tissue damage. We have reason to believe based on early studies from China 
and Italy that patients with Covid-19 have an over active coagulation system that leads to inappropriate and 
excessive clot formation. 
 
What we need from you is a sample of your blood in order to perform these coagulation tests. Most of these 
tests are already performed routinely and we will be adding more sophisticated testing to understand your 
global coagulation status.  
These added, sophisticated blood tests, will be performed on left over samples of your routine blood tests 
therefore no extra blood will need to be sampled from you. All blood tests in ICU are sampled from an 
indwelling arterial line which will cause no added harm or discomfort to you. Your coagulation status and 
disease severity will be monitored on day 1 in ICU and again on day 7 and 14.  
 
Are there any risks involved? 
This is a prospective, descriptive study. This means that we will only be describing what we find on your blood 
results and describing your outcomes and risk factors. We will not be altering your therapy in any way and 
whether you agree to participate or not it will have no effect on your treatment in ICU. All information that we 
gather will be de-identified and your personal details will be kept confidential at all times. Your identity will 
only be known by the researchers listed above and we take an oath to protect and safeguard your identity at 
all times. Blood sampling for the added tests will not be necessary as we will be using a small volume (0.4ml) of 
your left-over blood to perform the test. This is very low risk to you as the participant.  
 
Are there any benefits of participating? 
There is no immediate benefit to you as a patient as this is merely a descriptive study where we describe what 
we see. However, your participation is invaluable and will assist us in better understanding this disease which 
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will assist us in treating patients better in the future. This is a pandemic and timeous knowledge acquisition 
and sharing is important for us to improve outcomes for the critically ill. 
 
What are the costs involved? 
There is no cost to you as the individual as all testing that is not deemed routine is being funded. 
 
What happens if I refuse to participate? 
All participation in this study is voluntary. You are free to decide whether you want to take part in this study or 
not. Not participating will not impact your current management at all. You are allowed at any point to 
withdraw your participation in the study and the UCT FHS Human Research Ethics Committee can be contacted 
on 021 406 6338 in case you have any questions regarding your rights and welfare as a research subject in this 
study. 
 
What happens to the samples? 
Some of your blood will be sent off to the National Health Laboratory Service (NHLS) for testing, this is part of 
routine care. These samples will then be discarded once the test has been performed. Tests that are deemed 
part of routine care will have the results made available on the NHLS system for your physician to see.  
A small amount of your blood will be used to run the Thromboelastography (TEG). This blood will be obtained 
from left-over samples. TEG is a point of care test that reports on your bloods global ability to form a clot and 
is not considered standard routine care. The results of this test will be available on the machine itself. The 
researchers are the only people who are allowed to operate the machine and the results will only be viewed 
by them. Once all the data is captured electronically, this information will be deleted from the TEG machine. 
The sample used to run the TEG is immediately discarded. 
 
Who will have access to information about me and my blood results? 
As mentioned above, blood results that are deemed routine and ordered by your treating physician will be 
made available on the NHLS website. This is routine standard of care for all  inpatients. Blood tests that aren’t 
deemed routine and are needed for research purposes will only be accessible to the research team listed 
above. On enrolment into the study we will be capturing your details and demographics and after that your 
information will be de-identified with the use of a study code. The researchers will be the only individuals who 
will have access to your information and this will be kept safely locked away at all times. 
 
Who has allowed this research to take place? 
This research has been reviewed by the Anaesthesia Departmental Research Committee and has been deemed 
important and clinically relevant. This research has also been approved by the Human Research Ethics 
Committee of the University of Cape Town and has been deemed ethical, safe and that patients’ rights have 
been respected. 
 
Compensation in event of adverse effects ? 
This is a descriptive study which means we are just describing your blood results, risk factors and outcomes. 
This study poses no harm to you that could cause grievous bodily damage or psychological effect and therefore 
compensation is not deemed necessary. 
 
What if I have any questions? 
If you have any questions regarding the study, you are welcome to contact the research con-investigator listed 
below  
 
Dr Colette Neethling  
Department of Anaesthesia and Perioperative Medicine 
Groote Schuur Hospital 
Tel: 0716718719 
 
If you have any questions regarding your rights and welfare you are welcome to contact the UCT FHS Human 
Research Ethics Committee 
Tel: 021 406 6338 
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Groote Schuur Hospital Consent Form 

Thromboelastography in Critically Ill Patients with Covid-19 
 

I, _______________________________ (name of participant) have had the research explained to me. I 
understand all risks involved and have had all my questions and concerns addressed satisfactorily. 
 
� I agree to participate in the study  
� I agree to have my blood taken for analysis 
� I would like to know the results of my blood tests 
� I would like my results shared with my treating physician  
 
I understand that I can change my mind at any point and can withdraw myself from the study at no detriment 
to myself. The relevant people to contact in this event has been made know to me. 
 
 
______________________________________________  __________________ 
Participant Name (or name of legal representative/proxy)   Date  
 
 
_____________________________________________________                                                
Participant Signature (or signature of legal representative/proxy)     
    
 
 
 
I certify that I have followed the study SOP to obtain consent from the participant and S/he understands the 
nature and purpose of the study and consents. S/He has been given the opportunity to ask questions and all 
questions have been answered satisfactorily. 
 
 
 
_____________________________     _________________ 
Name of person taking consent       Date 
 
 
 
____________________________ 
Signature 
 
 
 
 
A witness can be any member of healthcare staff who is not involved in the study. 
 
 
 
 
___________________________     _________________ 
Witness Name        Date 
 
 
 
___________________________ 
Witness Signature 
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APPENDIX 3: PERMISSION TO PERFORM STUDY IN ICU 
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APPENDIX 4: PERMISSION TO PERFORM STUDY AT GROOTE SCHUUR 
HOSPITAL  

GROOTE SCHUUR HOSPITAL 
Enquiries: Dr Bernadette Eick 

e-mail: Bernadette.Eick@westerncape.gov.za 

G46 Management Suite, Old Main Building, Private Bag X,  
Observatory 7925  Observatory, 7935 
Tel: +27 21 404 6288    fax: +27 21 404 6125 www.westerncape.gov.za/health 

Dr Malcolm Miller 
DIVISION OF CRITICAL CARE 

E-mail:  Malcolm.Miller@uct.ac.za / neethling.colette@gmail.com

Dear Dr Miller, 

RESEARCH PROJECT: Thromboelastography In Critically Ill Patients With COVID-19 (MMed Dr Colette 
Neethling) 

Your recent letter to the hospital refers. 

You are granted permission to proceed with your research, which is valid until 30 July 2021. 

Please note the following: 

a) Your research may not interfere with normal patient care.
b) Hospital staff may not be asked to assist with the research.
c) Confidentiality must always be maintained.
d) No additional costs to the hospital should be incurred i.e. Lab, consumables or stationary.  If access

to TRACK Care/NHLS is required, kindly attach our letter of approval to the application form.
e) No patient folders may be removed from the premises or be inaccessible.
f) Please provide the research assistant/field worker with a copy of this letter as verification of

approval.
g) Should you at any time require photographs of your subjects, please obtain the necessary indemnity

forms from our Public Relations Office (E45 OMB or ext. 2187/2188).
h) Should you require additional research time beyond the stipulated expiry date, please apply for an

extension.
i) Please discuss the study with the HOD before commencing.
j) Please introduce yourself to the person in charge of an area before commencing.
k) On completion of your research, please forward any recommendations/findings that can be

beneficial to use to take further action that may inform redevelopment of future policy / review
guidelines.

l) Please contact Michelle Riley (Patient Fees) at ext. 2276 to ascertain if there will be charges for
conducting the Research and to obtain a quote or to discuss charges

m) Kindly submit a copy of the publication or report to this office on completion of the research.
n) At no time should any posters encouraging patients to partake in research, be displayed within a

clinical area.

I would like to wish you every success with the project. 

Yours sincerely 

DR BERNADETTE EICK 
CHIEF OPERATIONAL OFFICER 
Date:  24 July 2020 

C.C. Mr. L. Naidoo, Dr S. Peter, Professor I. Joubert
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APPENDIX 5: 
a. HUMAN RESEARCH ETHICS APPROVAL LETTER
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b. MOTIVATION AND APPROVAL TO INCREASE SAMPLE SIZE  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Re: HREC 400/2020 Minor Amendment to Research Protocol : Increase sample size 
 

Dear Professor Blockman, 
 
We have had the pleasure of commencing the aforementioned study and recruitment has been 
going very well.  
 
We write to you in connection with increasing our study sample size from 33 to 40. 
Our primary study objective was to assess coagulation status of patients with severe COVID 
pneumonia using standard coagulation studies and Thromboelastography (TEG). Our aim was 
to describe the coagulation status on admission and the evolution over time with a day 7 and 
14 follow up. We met with a biostatistician during the planning phase of this study to 
determine a well powered sample size. According to the table below and available funding and 
resources, a sample size of 33 seemed appropriate and well powered. 
 
Unfortunately, due to the high mortality rate of patients with severe COVID pneumonia 
admitted to ICU, a large portion of our patients have been lost to follow up. This creates 
concern as the number of patients reaching day 14 of follow up falls outside of the sample size 
reference ranges recommended by our statistician. Thus far 31 patients have been enrolled of 
which 11 have passed away before the day 7 and 14 follow ups could be conducted. Based on 
this, roughly 36% of patients will not be able to be followed up. This means that with a sample 
size of 33 and the current loss to follow up rate, we will have approximately 21 patients survive 
to the day 14 follow up. From the literature we know that the MA and LY30 are the greatest 
predictors of outcome in these patients and therefore it would be ideal to have at least 24 to 
32 patients reach the day 14 mark. In order to reach this we need to increase our sample size 
to atleast 38 in order to meet the minimum sample size of 24 on day 14. 
 

                 UNIVERSITY OF CAPE TOWN 

  
 
Professorial Staff:  
 
JLC Swanevelder  MB ChB, MMed (Anes) (U Stell), FCA (SA), FRCA (Hon) 
Head of Department 
Email: justiaan.swanevelder@uct.ac.za 
BM Biccard MBChB (UCT), FFARCSI, FCA (SA), MMedSci, PhD 
 2nd Chair of Anaesthesia 
Email: bruce.biccard@uct.ac.za  
Administrative Officer: C Wyngaard, Email: cheryl.wyngaard@uct.ac.za 

Department of Anaesthesia and 
Perioperative Medicine 

 
Faculty of Health Science,  
Anzio Road, Observatory 

Western Cape, South Africa 7925 
Telephone: (021) 406-6143 

Fax No. (021) 406-6589 
GSH departmental line: (021) 404-5004 
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With the above statistical support we therefore request to increase the sample size from 33 to 
40 

Sample Size Calculation based on article by Mortus et al. 

Thromboelastography 
Parameter Mean (SD) Ref range mean Sample size 
R 10 (11) 6 (4-8) 62 
K time 2.5 (1-4) 
Alpha angle 60 (23) 60.5 (47-74) 27 
MA 67 (17) 64 (55-73) 18 
LY30 0.9 (1.8) 4 (0-8) 24 
Thromboelastography with heparin correction 
R 6 (2.7) 6 (4-8) 17 
K time 2.5 (1-4) 
Alpha angle 73 (10) 60.5 (47-74) 16 
MA 74 (10) 64 (55-73) 10 
LY30 2.1 (3.7) 4 (0-8) 32 

Warm Regards 
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c. MOTIVATION AND APPROVAL TO WAIVE CONSENT  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RE: Permission to waive consent for 4 participants HREC 400/2020 
 
Dear Professor Blockman,  
 
With reference to the aforementioned study, we initially requested to waive consent of 
non-survivors and to obtain delayed consent from survivors. The reason for this request was 
due to the fact that patients admitted to ICU are already intubated and ventilated and 
remain in a comatose state for weeks. We motivated that the study was low risk to the 
participant and results of the study carried great social value. HREC approval was 
subsequently granted on the proviso that every effort should be made to achieve proxy 
consent. In the event that this is not possible, each waived consent of patients that pass on 
should be discussed with the HREC. 
 
In our study “Thromboelastography in Critically Ill COVID-19 Patients” we have obtained 
informed consent from 36 of the 40 potential participants. Due to the high mortality rate 
and unique circumstances surrounding the pandemic, majority of consent was afforded by 
the next of kin/proxy telephonically. In the event that the patient survived their illness, 
delayed informed consent was obtained directly from the patient in person.  
 
There are 4 patients that meet the inclusion criteria that we would like to include in the 
study but we were unable to get in contact with any of the family members during their 
brief stay in ICU. The telephone numbers provided in the folder were either incorrect, not 
functional, or there was never any answer.  
 
We tried on numerous occasions to contact the family of these 4 participants and we have 
also searched for alternative numbers in records and clinicom after their passing.  
 
All 4 of these patients were intubated prior to admission to ICU and therefore consent was 
not possible from the patient themselves. Since admission, calls to family listed as next of 

                 UNIVERSITY OF CAPE TOWN 

  
 
Professorial Staff:  
 
JLC Swanevelder  MB ChB, MMed (Anes) (U Stell), FCA (SA), FRCA (Hon) 
Head of Department 
Email: justiaan.swanevelder@uct.ac.za 
BM Biccard MBChB (UCT), FFARCSI, FCA (SA), MMedSci, PhD 
 2nd Chair of Anaesthesia 
Email: bruce.biccard@uct.ac.za  
Administrative Officer: C Wyngaard, Email: cheryl.wyngaard@uct.ac.za 

Department of Anaesthesia and 
Perioperative Medicine 

 
Faculty of Health Science,  
Anzio Road, Observatory 

Western Cape, South Africa 7925 
Telephone: (021) 406-6143 

Fax No. (021) 406-6589 
GSH departmental line: (021) 404-5004 
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kin in their file were contacted to no avail. The 4 patients had a very brief stay in our ICU’s 
and passed away a few short days after admission.  

We therefore motivate to have consent waived for the above 4 participants as the risks to 
the patient and their families are very low.  

Efforts to contact family for delayed consent will continue, but in the likely event that that is 
not possible we request a waiver. Should a waiver not be granted we will exclude the 4 
patients from the descriptive study.  

Warm Regards 

Dr Malcolm Miller (Principal Investigator) 
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APPENDIX 6: INSTRUCTIONS TO AUTHORS FOR CRITICAL CARE MEDICINE 
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