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Purpose: Anticoagulation therapy aims to improve the outcome of critically ill patients with severe COVID-19-associated pneumo-
nia. Activated partial thromboplastin time (aPTT) is commonly used to maintain the target therapeutic range of continuous infusion of 
unfractionated heparin (UFH). The UFH infusion efficacy can be evaluated by determining the time in therapeutic range (TTR) using 
a modified Rosendaal method. The present study’s primary aim was to evaluate TTR based on the aPTT in critically ill patients with 
severe forms of COVID-19 pneumonia and its influence on survival. The secondary aim was to evaluate the time spent above (TATR) 
and below the therapeutic range (TBTR).
Patients and Methods: We performed a retrospective analysis of critically ill patients with COVID-19-associated pneumonia. All 
patients received a continuous infusion of UFH from the 2nd to 8th day since admission to the ICU. TTR, TATR, and TBTR were 
calculated using the modified Rosendaal method, and survival days were analyzed by regression (censored after 60 days).
Results: Of 103 patients, the median TTR was 49% (IQR 38–63%), TATR 11% (IQR 5–20%), and TBTR 33% (IQR 22–51%). The 
regression analysis indicated a positive impact of higher TTR and TATR on the number of survival days [β=0.598 (p=0.0367) and 
β=1.032 (p=0.0208), respectively] and a negative impact of higher TBTR [β=−0.681 (p=0.0033)] on the number of survival days.
Conclusion: Higher TTR and TATR were associated with better survival of critically ill patients with a severe course of COVID-19- 
associated pneumonia. Higher TBTR was associated with worse survival in these patients.
Keywords: unfractionated heparin, COVID-19, pneumonia, critical care

Introduction
The coronavirus disease 2019 (COVID-19) pandemic highlighted the importance of adequate thromboprophylaxis, especially 
for severe disease in which the development of microvascular and macrovascular thrombi leads to organ dysfunction and 
failure. The hypercoagulability state results from complex interactions between the virus, immune system, coagulation, 
fibrinolytic system, and vascular endothelium.1,2 This phenomenon, called immunothrombosis, is associated with COVID-19 
severity and mortality.3 Consequently, anticoagulation therapy plays a central role in the treatment of critically ill COVID-19 
patients, with either low-molecular-weight heparin (LMWH) or unfractionated heparin (UFH).4 Heparin may be beneficial for 
its anticoagulation effect and broad spectrum of anti-inflammatory, immunomodulating, and virostatic properties.5,6 Reaching 
and maintaining the desired anticoagulation activity can be challenging for physicians due to altered drug pharmacokinetics in 
critically ill patients,7 such as complex interactions with coexisting organ dysfunction, a decrease in subcutaneous absorption, 
and an increase in the volume of distribution of hydrophilic drugs.8 Therefore, anticoagulation activity monitoring plays an 
important role in anticoagulation management. UFH has been frequently used for its rapid onset of the effect, short half-life, 
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low cost, and antidote availability. In vitro, UFH has resulted in increased SARS-CoV-2 antiviral activity compared to 
LMWH.9 Intermittent measurement of activated partial thromboplastin time (aPTT) is the most used method to monitor the 
efficacy of continuous UFH infusions. Despite the widespread use of aPTT measurements, no standardized method for 
assessing the effectiveness of UFH dosing or compliance with titration is currently available. Some authors have evaluated 
UFH administration by applying the concept of time in therapeutic range (TTR), but its utilization is not common in UFH- 
based anticoagulation therapy.10 TTR has been successfully used in warfarin management and for comparing therapy 
adherence in clinical trials.11 In these settings, TTR represents the time (as a percentage of total time) in which the international 
normalized ratio (INR) of prothrombin time (PT) remains in the target range. Longer TTR translates to better clinical 
outcomes, such as lower incidence of thromboembolic complications and improved therapy safety and survival.12,13 TTR can 
be determined using various approaches – simply as a fraction of INR values in the target range, by the cross-section-of-the- 
files methodology,14 or by the Rosendaal linear interpolation method.15 In clinical trials, TTR is typically calculated using the 
Rosendaal method.10,11 To the best of our knowledge, there is little evidence for estimating TTR of aPTT monitoring of UFH 
treatment in critically ill patients and no evidence of its impact on survival, especially in COVID-19 patients. In addition, an 
isolated TTR value does not consider whether the time out of the therapeutic range of UFH is spent above or below the target 
range with respective clinical consequences. This additional information and its impact on outcomes have not been reported 
before. Therefore, we suggest determining time above the therapeutic range (TABR) and time below the therapeutic range 
(TBTR) using the Rosendaal method as well.

Our study’s primary aim was to evaluate continuous UFH infusion efficacy by determining the TTR based on aPTT 
monitoring in critically ill patients with severe forms of COVID-19 pneumonia and its relationship to survival (censored 
after 60 days). The secondary aim was to evaluate the role of TATR and TBTR in assessment of UFH efficacy and their 
impact on survival (censored after 60 days).

Material and Methods
This retrospective study analyzed data from patients with severe COVID-19-associated pneumonia with respiratory 
failure who were admitted from 1 March 2020 to 31 March 2022 to the Department of Anesthesiology, Resuscitation, and 
Intensive Care in the tertiary medical facility University Hospital Ostrava. Adult patients positive for SARS-CoV-2 via 
nasopharyngeal swab polymerase chain reaction (PCR), with acute hypoxemic respiratory failure, and who were 
administered continuous intravenous infusion of UFH for at least the first 8 days since admission were included in the 
study. This duration was determined empirically to eliminate short-term UFH administration and to obtain a sufficient 
number of aPTT values to reliably calculate TTR. According to the clinical protocol, the therapeutic target range of aPTT 
was 45–60 seconds. The rate of infusion was adjusted based on aPTT levels. Data were extracted from patients’ written 
and electronic records. Mortality data were gathered from the insurance company records. Exclusion criteria were 
pregnancy and extracorporeal membrane oxygenation (ECMO) support. To obtain aPTT measurements, patients’ venous 
blood was collected into sodium citrate tubes (S-Monovette® Citrate 9NC, 0.106 mol/L, 3.2%, SARDSTEDT AG & Co. 
KG). The samples were then centrifuged in the central laboratory at 2500 g at 20 °C for 10 minutes and were analyzed 
within 30 minutes of collection. aPTT was measured using a Sysmex CS-5100 system (Sysmex, Japan) with Pathromtin 
SL (Siemens AG, Erlangen, Germany). The TTR of UFH therapy was analyzed based on the aPTT measured at 6-hour 
intervals. TTR was evaluated using a modified Rosendaal method (mod-Rosendaal), which revised the original method to 
calculate time per hour rather than per day.10,15 It is a linear interpolation method that includes a straight line between 
two consecutive measures to interpolate hourly values of aPTT. The time regions of aPTT in the range are based on the 
interpolated values entering the therapeutic range as shown in Figure 1. TTR is the proportion of time the interpolated 
aPTT was in the therapeutic range. The TATR and TBTR were estimated using the same method. A censored regression 
model was used to evaluate the impact of TTR duration on patients’ days of survival censored after 60 days. A written 
informed consent was signed by all patients or legally authorized representatives.

The level of significance was set at 0.05. The missing values and outliers were double-checked and imputed or 
labeled and removed from further statistical processing. Categorical variables were characterized with the absolute count 
and relative frequency (in %). Fisher’s exact test was employed to assess the statistical difference between groups. 
Numeric variables were described as medians and 25–75% quantiles and statistically tested by two-sample Wilcoxon 
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rank-sum test. All statistical analyses were performed using R statistical software version 4.2.1.12 Censored regression 
models were computed using the R package censReg version 0.5–36.

Results
We analyzed data from 419 critically ill patients with COVID-19-associated pneumonia. Based on the inclusion and 
exclusion criteria, a total of 103 patients were included in the final statistical analysis (Figure 2). The baseline characteristics 
and comorbidities of the included patients are shown in Table 1. All data were obtained at the time of ICU admission. As 
generally expected in severe COVID-19, there was a high predominance of males over females. A high proportion of patients 
were overweight or obese and had a history of arterial hypertension or diabetes mellitus. The median Acute Physiology and 
Chronic Health Evaluation II (APACHE II) score was 13, which results in a predicted mortality rate of ~15% based on the 
original validation published by Knaus et al.16 Outcome characteristics during the ICU stay are presented in Table 2. Acute 
kidney failure and secondary mycotic infections were the most common complication. Documented bleeding complications 
were more common than documented venous thromboembolism. Results of a quantitative assessment of anticoagulation 
therapy are shown in Table 3. The resulting median aPTT was inside the pre-set target range of 45–60 seconds, but the final 
TTR was only 49%. The aPTT fell below the target range more frequently than it exceeded it. Basic descriptive information 
on the overall survival and 60-day mortality of patients is provided in Table 4. Results of the regression analysis are presented 
in Table 5, which shows coefficients and p-values for four censored regression models that differ in the score used as an 

Figure 1 A graphical example of aPTT measurements (black dots) and the application of the modified Rosendaal method to calculate time in therapeutic range (grey). The 
target therapeutic range (blue).

Figure 2 Flowchart of the study.
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independent variable: APACHE II, TTR, TATR, and TBTR. All models explain the dependent variable survival duration (in 
days, censored after 60 days). Furthermore, the independent variables age and sex were incorporated in the models as 
confounders. The effect of increased TTR as a primary outcome of the study significantly affected patients’ survival censored 
after 60 days (p=0.0367). For secondary outcomes, an increased TATR was significantly (p=0.0208) associated with 
improved censored survival, whereas an increased TBTR significantly (p=0.0033) shortened the censored survival. All 

Table 1 Baseline Characteristics of Included Patients

Parameter Total (N = 103)

Baseline variables

Age (years) 59.00 (49.50–66.00)

Sex (male) 73 (70.87)

Sex (female) 30 (29.13)

Height (cm) 175.00 (169.00–180.00)

Weight (kg) 97.00 (85.00–118.00)

Body mass index (kg/m2) 32.41 (27.76–37.04)

APACHE II 13.00 (10.75–17.25)

Time from symptoms to admission (days) 6.50 (3.00–9.00)

Comorbidities

Diabetes mellitus 25 (24.27)

Hypertension 57 (55.34)

Heart failure 3 (2.91)

Ischemic heart disease 5 (4.85)

Atrial fibrillation or atrial flutter 5 (4.85)

History of stroke 3 (2.91)

History of pulmonary embolism 2 (1.94)

History of deep venous thrombosis 4 (3.88)

Peripheral vascular disease 3 (2.91)

Congenital coagulopathy 3 (2.91)

Bronchial asthma 8 (7.77)

Chronic obstructive pulmonary disease 2 (1.94)

Chronic restrictive pulmonary disease 1 (0.97)

Chronic kidney disease 4 (3.88)

Chronic liver disease 5 (4.85)

Cancer 6 (5.83)

Immunodeficiency 3 (2.91)

Autoimmune disease 6 (5.83)

Note: Values are given as median (range) or n (%). 
Abbreviation: APACHE II, Acute Physiology and Chronic Health Evaluation II.
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Table 3 Parameters Assessing Anticoagulation 
Therapy Efficacy and Routine Blood Coagulation 
Parameters at Admission to ICU

Parameter Total (N = 103)

aPTT (seconds) 48.05 (44.33–50.97)

TTR (%) 49.00 (38.00–63.00)

TATR (%) 11.00 (5.00–20.00)

TBTR (%) 33.00 (22.00–51.00)

Antithrombin (%) 88.00 (78.00–98.38)

D-dimers (mg/l FEU) 2.30 (1.24–4.22)

Fibrinogen (g/l) 4.83 (3.63–5.55)

Note: Values are given as median (IQR) or n (%). 
Abbreviations: ICU, Intensive Care Unit; aPTT, activated 
partial thromboplastin time; TTR, time in therapeutic 
range; TATR, time above therapeutic range; TBTR, time 
below therapeutic range; FEU, fibrinogen equivalent units.

Table 4 Survival Characteristics of Included Patients

Survival Characteristics

Survival days 25 (16.00–34.50)

60-day mortality 64 (62.14%) survivors 39 (37.86%) died

Note: Values are presented as the median (IQR) or n (%).

Table 2 Outcome Characteristics During ICU Stay

Parameter Total (N = 103)

ICU stay duration (days) 17 (12.00–24.00)

Mechanical ventilation (hours) 424.00 (271.75–717.50)

Pronation position 68 (66.02)

Documented bleeding 21 (20.39)

Documented venous thromboembolism 10 (9.71)

Acute kidney failure 46 (44.66)

Acute liver failure 2 (1.94)

Acute heart failure 2 (1.94)

Continual renal replacement therapy 23 (22.33)

Secondary bacterial infection 80 (77.67)

Secondary mycotic infection 40 (38.83)

Note: Values are given as median (IQR) or n (%). 
Abbreviation: ICU, Intensive Care Unit.
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analyzed models were significantly affected by patients age and sex – older patients had shorter survival duration and male 
sex was associated with improved survival.

Discussion
Our study retrospectively evaluated the efficacy of continuous UFH infusion by determining TTR based on aPTT in 
critically ill patients with COVID-19-associated pneumonia from day 2 to 8 of their ICU stay. In all 103 patients, the 
median TTR of 49% was reached, while the median TATR was 11% and the median TBTR 33%. Based on applied 
regression models, APACHE II, TTR, TATR and TBTR significantly impacted patients’ survival. As expected, higher 
APACHE II score indicates shorter survival. Longer TTR and TATR scores are associated with longer survival period 
(censored after 60 days). On the other hand, longer TBTR resulted in shorter survival.

The literature assessing TTR in critically ill patients with continuous UFH infusion is sparse. Ting et al10 estimated the 
TTR of continuous UFH infusion for the first time. In their cohort, the authors identified an average TTR of 43.7% using the 
mod-Rosendaal method in non-COVID patients, with similar results after stratification based on ICU and non-ICU 
admission (41.2% and 43.9%, respectively). In the study, the indication for UFH administration was highly heterogeneous, 
mostly due to venous thromboembolism, acute coronary syndrome, or stroke prevention in atrial fibrillation. However, the 
median duration of UFH infusion was shorter (66 hours), and the correlation of TTR with clinical outcomes was not 
evaluated. As no recommendations are available for optimal TTR, especially in critically ill patients with a possibly 
variable response to anticoagulants, the relationship between TTR and clinical outcomes is yet to be determined by further 
studies. However, studies of patients receiving warfarin anticoagulation therapy have shown the best outcomes, with TTR 
exceeding 70% in an outpatient setting.13 To further determine the effectiveness of UFH administration, TATR and TBTR 
can be calculated. To the best of our knowledge, this type of evaluation has never been used before. Longer TBTR, 
representing a pro-coagulation tendency, could negatively affect the phenomenon of immunothrombosis in COVID-19 
patients, with a negative impact on their mortality. Our results suggest that it may be necessary to increase the target range of 
aPTT to accommodate an increased risk of thrombosis during severe COVID-19, but further studies are necessary to 
elaborate a recommended range for aPTT.

Due to immunological dysregulation, the question remains as to whether aPTT is a suitable method to monitor 
anticoagulation therapy using UFH in critical patients. The sensitivity of aPTT can be low (“false” or “apparent” heparin 
resistance) in patients with high concentrations of acute-phase proteins (ie fibrinogen or factor VIII), which renders aPTT 
monitoring suboptimal in inflammatory illnesses, including severe COVID-19.17,18 Furthermore, some authors claim that 
UFH resistance may be present and require a higher dose of UFH.19 Linear interpolation between aPTT values can be 
inaccurate in situations with higher doses of UFH in which its anticoagulant effect is nonlinear.20 Anti-Xa activity testing 
is generally considered more reliable, but there are issues with standardization and low implementation in routine clinical 
practice, especially in low to middle-income countries.17,21

Our study has several limitations. It was conducted retrospectively in a single center with an institution specific UFH 
protocol. Changes in the patient´s anticoagulation therapy may have occurred after the study period (8 days of ICU stay), 

Table 5 Regression Models Censored After 60 Days Explaining Survived Days with 
Age, Sex, and One of the Analyzed Scores

Variable APACHE II TTR TATR TBTR

(Intercept) 147.22 (<0.0001) 104.55 (0.0006) 132.04 (<0.0001) 165.53 (<0.0001)

Age −0.97 (0.0388) −1.32 (0.0030) −1.54 (0.0009) −1.44 (0.0011)

Male sex 21.82 (0.0349) 20.66 (0.0351) 22.54 (0.0228) 21.77 (0.0238)

Score −2.21 (0.0156) 0.60 (0.0367) 1.03 (0.0208) −0.68 (0.0033)

Note: Data are the regression coefficients (β) and p-values of the coefficient significance test in parentheses. 
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; TTR, time in therapeutic 
range; TATR, time above therapeutic range; TBTR, time below therapeutic range.
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impacting their mortality. Elevated levels of inflammatory markers could bias measurements of aPTT. The TTR, TATR, and 
TBTR need to be further examined by larger, preferably prospective, studies with the aim of creating recommendations for 
evaluating these variables. This also includes their impact on bleeding and thromboembolic complications. Furthermore, there 
is a potential for TTR, TATR, and TBTR to be used in other groups of critically ill non-COVID-19 patients.

Conclusion
Achieving longer TTR as calculated by the mod-Rosendaal method was associated with better survival of critically ill 
patients with severe COVID-19-associated pneumonia. This may imply a beneficial effect of a longer duration of 
adequate anticoagulation. Higher TATR was associated with better survival, whereas higher TBTR was associated 
with worse survival in these patients.

Abbreviations
APACHE, Acute Physiology and Chronic Health Evaluation; aPTT, activated Partial Thromboplastin Time; BMI, Body 
Mass Index; CAC, COVID-19 Associated Coagulopathy; ECMO, Extracorporeal Membrane Oxygenation; FNO, 
University Hospital Ostrava; TTR, Time in therapeutic range; TATR, Time above therapeutic range; TBTR, Time 
below therapeutic range; ICU, Intensive Care Unit; IQR, Interquartile Range; LMWH, Low Molecular Weight 
Heparin; PCR, Polymerase Chain Reaction; UFH, Unfractionated Heparin.
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