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Abstract

Background: COVID-19 has been associated with a broad range of thromboembolic,

ischemic, and hemorrhagic complications (coagulopathy complications). Most studies

have focused on patients with severe disease from high-income countries (HICs).

Objectives: The main aims were to compare the frequency of coagulopathy compli-

cations in developing countries (low- and middle-income countries [LMICs]) with those

in HICs, delineate the frequency across a range of treatment levels, and determine

associations with in-hospital mortality.

Methods: Adult patients enrolled in an observational, multinational registry, the In-

ternational Severe Acute Respiratory and Emerging Infections COVID-19 study, be-

tween January 1, 2020, and September 15, 2021, met inclusion criteria, including

admission to a hospital for laboratory-confirmed, acute COVID-19 and data on com-

plications and survival. The advanced-treatment cohort received care, such as admis-

sion to the intensive care unit, mechanical ventilation, or inotropes or vasopressors; the

basic-treatment cohort did not receive any of these interventions.

Results: The study population included 495,682 patients from 52 countries, with 63%

from LMICs and 85% in the basic treatment cohort. The frequency of coagulopathy

complications was higher in HICs (0.76%-3.4%) than in LMICs (0.09%-1.22%).

Complications were more frequent in the advanced-treatment cohort than in the

basic-treatment cohort. Coagulopathy complications were associated with increased

in-hospital mortality (odds ratio, 1.58; 95% CI, 1.52-1.64). The increased mortality

associated with these complications was higher in LMICs (58.5%) than in HICs (35.4%).

After controlling for coagulopathy complications, treatment intensity, and multiple
aemostasis. Published by Elsevier Inc. This is an open access article under the CC BY license (http://

www.rpthjournal.org - 1 of 18
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Essentials

• COVID-19 is associated with complicati

• We investigated bleeding and clotting c

• Bleeding and clotting complications wer

• The impact of complications on mortalit
other factors, the mortality was higher among patients in LMICs than among patients in

HICs (odds ratio, 1.45; 95% CI, 1.39-1.51).

Conclusion: In a large, international registry of patients hospitalized for COVID-19,

coagulopathy complications were more frequent in HICs than in LMICs (developing

countries). Increased mortality associated with coagulopathy complications was of a

greater magnitude among patients in LMICs. Additional research is needed regarding

timely diagnosis of and intervention for coagulation derangements associated with

COVID-19, particularly for limited-resource settings.
K E YWORD S

COVID-19, developing countries, disseminated intravascular coagulation, hemorrhage, ischemic

stroke, SARS-CoV-2, thromboembolism, thrombosis
ons related to abnormal bleeding and clotting.

omplications in 495,682 adult patients.

e more frequent in high-income countries.

y was greater for patients in developing countries.
1 | INTRODUCTION

COVID-19 is associated with thrombotic, embolic, and hemorrhagic

complications, which may lead to poor outcomes [1–3]. Because the

viral binding target, angiotensin-converting enzyme 2 (ACE2), is pre-

sent on endothelial cells, endothelial injury and inflammation may lead

to thrombosis, thromboembolism, and disseminated intravascular

coagulation [4]. Fatal cases of COVID-19 exhibited severe endothelial

damage, including extensive pulmonary thrombosis, significantly more

often than in cases of influenza [5,6]. ACE2 is also present on epithelial

cells of the gastrointestinal tract, and gastrointestinal bleeding (GIB) is

reported in 0.6% to 13% of patients hospitalized for COVID-19 [7].

Hypercoagulability and vascular inflammation caused by COVID-19

have been linked to markedly increased risks of ischemic stroke and

myocardial infarction (MI) [8,9].
Early case series from Asia and Europe reported diagnosis of throm-

boembolic complications in25%to50%ofpatientswith severeCOVID-19

[10,11]. Similarly, a meta-analysis of studies with universal screening for

venous thromboembolism revealed rates of pulmonary embolism (PE) and

deep venous thrombosis (DVT) of 32% and 27%, respectively [12]. In

contrast, other studies have reported substantially lower frequencies of

thrombosis and bleeding among patients hospitalized for COVID-19 [13].

Clinical trials have shown that the optimal dosing of prophylactic anti-

coagulation varies based on disease severity, leading to consensus

guideline recommendations from the International Society onThrombosis

and Hemostasis to incorporate an individualized assessment of the risk of

thrombosis and bleeding into the prophylaxis strategy [14,15].

Most studies on thromboembolism, coagulopathy, and hemor-

rhage associated with COVID-19 are from high-income countries

(HICs). Resource limitations in low- and middle-income countries

mailto:Matthew.griffee@hsc.utah.edu
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(LMICs) have had an impact on treatment options for patients with

COVID-19, and the outcomes of severe COVID-19 have been worse

in LMICs than in HICs [16–18]. More information is needed regarding

the prevalence of coagulopathy complications of COVID-19 across a

range of economic settings, including severe and non-severe disease

presentations. This may be relevant as the pandemic transitions to

endemic disease, and emerging variants may evade vaccine-mediated

and post-infection immunity while continuing to enter tissues with

ACE2 [19,20].

Our primary aims were to compare the frequency of coagulopathy

complications in LMICs with those in HICs, with stratification by

treatment intensity, and determine the association between coagul-

opathy complications and in-hospital mortality in LMICs and HICs. The

secondary aims were to review trends over time for coagulopathy

complications and mortality and identify independent risk factors for

coagulopathy complications and mortality.
2 | METHODS

This was a prospective, observational study within the International

Severe Acute Respiratory and Emerging Infection (ISARIC)—World

Health Organization (WHO) Clinical Characterization Protocol for

Severe Emerging Infections [21–23]. The study enrolled patients from

LMICs (developing countries) and HICs hospitalized for COVID-19.

Information on patient consent, the case report form, and the study

protocol are available on the ISARIC website (https://isaric.org [22]).

Investigators from 52 countries used data collection instruments,

which have been adapted for a range of resource settings, to collect

data using the ISARIC case report form, built using Research Elec-

tronic Data Capture (version 8.11.11) hosted by the University of

Oxford [22,24]. The timing of data reporting was not controlled and

depended on site resources and the medical information system

structure. In some cases, data were entered into case report forms on

a live basis—day by day throughout admission—whereas in other

centers, data were completed by reviewing charts of patients hospi-

talized at a prior time. In addition, some collaborating investigators

collected data using local systems and submitted these data to ISARIC

for centralized mapping.

All investigators retain full rights to their data. The WHO Ethics

Review Committee approved the ISARIC-WHO Clinical Characteri-

sation Protocol (RPC571 and RPC572). In addition, local ethics

approval was obtained for each participating country and site ac-

cording to local requirements. The economic classification of countries

was based on gross national income per capita using World Bank

definitions (https://data.worldbank.org/country).
2.1 | Study population and measurements

The inclusion criteria were age ≥18 years, laboratory confirmation of

SARS-CoV-2 infection, and admission to a hospital for acute illness

due to COVID-19. Patients were excluded if they did not have a
country code or admission date. Sites were required to include all

patients meeting the inclusion criteria (full recruitment) or, when full

recruitment was not possible due to limited resources, select a

strategy to reduce bias in patient selection (Supplementary File,

“Procedure to Reduce Bias in Patient Selection”). We defined

“coagulopathy complications” related to acute COVID-19 as any of

the following 6 diagnoses using ISARIC definitions and clinical criteria

for the diagnoses in the case report completion guide (https://isaric.

org/research/covid-19-clinical-research-resources/covid-19-crf/, and

Supplementary File, Case Definitions): PE, DVT, stroke, MI, GIB, or

coagulation disorder/disseminated intravascular coagulation. The

complications occurred during hospitalization. The 6 coagulopathy

complications were selected based on clinical relevance and avail-

ability in the case report form. The following comorbidities were

included: diabetes mellitus, chronic cardiac disease, chronic kidney

disease, chronic pulmonary disease, chronic neurological disease,

malignant neoplasm, chronic hematologic disease, chronic liver dis-

ease, smoking, and pregnancy. The complications and comorbidities

are described in the case report form completion guide (available

at https://isaric.org/research/covid-19-clinical-research-resources/

covid-19-crf/). The collection of diagnoses included in “coagulopathy

complications” is similar to those used in other COVID-19 studies

[9,11,25]. Note that “coagulopathy complications” refers to the 6

complications described in Supplementary Material (ISARIC case

report form completion guide), whereas “coagulation disorder/DIC” is

one of the 6 complications.

Three cohorts of increasing treatment intensity were defined

based on criteria used for a prior ISARIC analysis of patients with

COVID-19 [26]. The most aggressively treated cohort received

extracorporeal membrane oxygenation (ECMO). The advanced-

treatment cohort received any of the following treatments:

admission to the intensive care/high-dependency unit, invasive or

noninvasive mechanical ventilation, high-flow nasal cannula oxygen,

or inotropes or vasopressors. The basic-treatment cohort did not

require ECMO or any of the treatments defining the

advanced-treatment cohort. The main outcomes evaluated in this

study were prevalence of coagulopathy complications and

in-hospital mortality.
2.2 | Statistical analysis

The definitions of patient characteristics, complications, and outcomes

are provided in Supplementary Material, “Case Report Form

Completion Guide.” Clinically relevant variables were requested using

the ISARIC data dictionary. The host repository at the University of

Oxford converted data from contributing sites, which used a variety of

local data systems, into Study Data Tabulation Model standards

(version 1.7; Clinical Data Interchange Standards Consortium). The

requested data fields for the data extraction period from January 1,

2020, to September 15, 2021, were sent to a secure server of the

Study Design and Biostatistics Center at the University of Utah.

Because the ISARIC collaboration process accommodates sites with a

https://isaric.org
https://data.worldbank.org/country
https://isaric.org/research/covid-19-clinical-research-resources/covid-19-crf/
https://isaric.org/research/covid-19-clinical-research-resources/covid-19-crf/
https://isaric.org/research/covid-19-clinical-research-resources/covid-19-crf/
https://isaric.org/research/covid-19-clinical-research-resources/covid-19-crf/
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wide range of data collection capabilities, the number of case reports,

including clinical characteristics and complications, varied substan-

tially [22]. For example, nearly all cases had sex and age included, but

very few patients (<10%) had medications reported in the case report

forms. Given this variation in the number of patients with variables of

interest reported, the numbers of patients with the specified entry in

the case report form are presented as denominators in tables. Patients

with case report forms without complications were excluded from the

evaluation of the prevalence of complications. Analysis was conducted

using R, version 4.1.1.

Continuous variables were expressed as mean (SD), median (IQR),

and range. Categorical variables were expressed as counts

(percentages). To evaluate the association between demographic

characteristics, economic stratification, and the presence of a

coagulopathy complication, analysis of variance testing was used for

continuous variables and chi-squared testing for categorical variables.

A P value of <.05 was deemed statistically significant. When the

clinical characteristics of patients with vs without coagulopathy were

compared, a standardized mean difference (SMD) of >0.2 was

considered as the minimum difference to suggest that the

characteristic warranted consideration.

The trends in coagulopathy are represented graphically as

monthly proportions calculated as the number of patients with

reported coagulopathy complications divided by the number of

patients enrolled. To answer the question “is there a significant

linear trend over time in the rate of mortality?,” a logistic interaction

model was constructed, with covariates of time and economic

stratification as well as separate logistic models to determine the

changes in mortality over the study period for each economic cohort.

Results are presented as odds ratios (ORs) with 95% confidence

limits.

Bar graphs are used to show the relationship between coagul-

opathy complications, income status, and treatment intensity. A 2-

sample test of proportions was used to generate P values.

We fitted 2 multivariable logistic regression models. The first was

to identify associations between clinically relevant patient character-

istics and the outcome of any coagulopathy complication. Some

characteristics were selected based on established risk factors for

thromboembolism (such as cancer and smoking), and other charac-

teristics were selected as indicators of high disease severity (such as

treatment with mechanical ventilation or ECMO). The goal of the first

model was to define potential clinical risk factors for coagulopathy

complications, with adjustment for economic setting, treatment in-

tensity, and increasing age. The goal of the second model was to

quantify the association between coagulopathy complications and in-

hospital mortality, with adjustment for treatment intensity, economic

stratification, sex, increasing age, and clinically relevant comorbidities.

ORs are presented using forest plots. Mortality designates in-hospital

mortality, as specified in the final disposition section. Patients lacking

a final disposition entry (N = 1013), located in the outcomes section of

the case report form, were excluded from the evaluation of mortality

for various cohorts and from the multivariable model of risk factors

for mortality.
3 | RESULTS

A total of 495,682 patients from 52 countries met the inclusion

criteria, including 312,033 (62.9%) patients from LMICs (developing

countries), within the enrollment period of January 1, 2020, to

September 15, 2021 (Figure 1). Eighty percent of patients in the

registry were from the United Kingdom or South Africa

(Supplementary Figure: patient numbers by country). In these coun-

tries, nation-wide protocols targeted full recruitment (all patients

hospitalized for COVID-19). In addition, 84.6% (419,302/495,682) of

the patients were classified as receiving basic treatment, 15.1%

(74,907/495,682) as receiving advanced treatment, and 0.3% (1473/

495,682) as receiving ECMO (Figure 1, Table 1); 6.5% (20,334/

312,033) of the patients in LMICs received advanced treatment

compared with 29.7% (54,573/183,649) of patients in HICs, and 91%

(1344/1473) of the patients receiving ECMO were enrolled from

HICs. Comparisons of demographics and comorbidities of patients in

LMICs vs those of patients in HICs are presented in Table 1.
3.1 | Trends in coagulopathy complications and

mortality over time

Over the 21 months of the study period, there were minor fluctua-

tions in various coagulopathy complications, with a substantially lower

frequency in LMICs than in HICs (Figure 2A, B). A plot of the cumu-

lative prevalence of all coagulopathy complications and case counts

showed steady accumulation over time (Figure 2C). For HICs, the

mortality decreased over time, whereas for LMICs, the mortality

increased over the study period (Figure 2D). Using a logistic interac-

tion model, the OR for mortality over time was 0.588 (95% CI, 0.572-

0.604; P < .001) in HICs; the OR for mortality over time was 1.321

(95% CI, 1.295-1.348; P < .001) in LMICs, indicating that there was a

significant reduction in mortality over the study period in HICs but a

significant increase in mortality over the study period in LMICs

(Multimedia Content 4, Logistic Regression for Mortality over Time,

Supplementary Tables for Figure 2D).
3.2 | Prevalence of coagulopathy complications

In LMICs, the prevalence of coagulopathy complications was <1% for

stroke, coagulation disorder/disseminated intravascular coagulation

(DIC), PE, and GIB and just >1% for MI and DVT (Table 2). In HICs, the

complications with the highest prevalence were PE (3.4% [3608/

105,987]) and coagulation disorder/DIC (3.4% [6004/177,695]). There

was a significantly higher prevalence of 4 complication types in HICs:

stroke, coagulation disorder/DIC, PE, and GIB (Table 2, P < .001 for each

comparison). The prevalence of MI and DVT was higher in LMICs and

was significantly higher for MI (P = .016) (Table 2). For both economic

cohorts, the prevalence of coagulopathy complications was higher

among patients receiving advanced treatment than the prevalence

among patients receiving basic treatment (Figure 3A, B). The prevalence
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of all complication types was higher among patients undergoing

advanced treatment in HICs than the prevalence of complications

among patients in the advanced-treatment cohort in LMICs, except for

DVT. Notably, the ECMO cohort had a substantially increased preva-

lence of all complication types compared with the prevalence in both the

advanced-treatment and basic-treatment cohorts.
3.3 | Characteristics of patients with vs without

coagulopathy complications

The characteristics of patients with coagulopathy complications were

compared with those of patients free from complications, without

adjustment (Table 3). In addition, 61.9% of patients with coagulopathy

complications were men. The comorbidities with a significantly higher

prevalence in the cohort with coagulopathy complications were chronic

cardiac disease and chronic kidney disease (each with an SMD of >0.2).

Current smoking was reported for 26.9% (4009/14,888) of patients

with complications compared with 10.2% (48,082/473,315) of patients

without complications (SMD, 0.41). The average age of patients with

coagulopathy complications was 67.2 years (SD, 16.3 years) compared

with 58.9 years (SD, 18.2 years) in those without (SMD, 0.48).
3.4 | Mortality associated with coagulopathy

complications

Patients with coagulopathy complications had higher in-hospital

mortality than patients without coagulopathy complications

(Figure 4A, P < .001). The mortality was almost identical across the

economic stratification among patients without coagulopathy

complications (24.0% [74,704/311,030] vs 24.1% [40,162/169,146];

P = .952), but the mortality among patients with coagulopathy

complications in LMICs was 58.5% (583/1003) compared with 35.4%
(5110/14,503) among patients in HICs (P < .001). Across treatment

intensity categories, coagulopathy complications were associated with

increased mortality; the relative increase was greatest for the ECMO

cohort (Figure 4B). When stratified by treatment intensity and eco-

nomic classification, the mortality was higher in LMICs, both for those

with and without coagulopathy complications (Figure 4C). The relative

increase in mortality associated with coagulopathy complications in

HICs was largest for the basic-treatment cohort (46%). For patients in

LMICs, the largest relative increase in mortality associated with coa-

gulopathy complications was for the advanced-treatment cohort

(52%). When the mortality across economic strata and disease

severity was compared, patients in LMICs without coagulopathy

complications had significantly higher mortality in each severity

category than patients in HICs (P < .001 for basic and advanced co-

horts, P = .02 for the ECMO cohort; Figure 4D). In contrast, the

mortality was significantly higher among patients in LMICs with coa-

gulopathy complications only in the advanced-treatment cohort (P <

.001 for advanced treatment, P = .16 for basic treatment, and P = .12

for ECMO) (Figure 4D). The mortality among patients in LMICs with

advanced treatment and coagulopathy complications was similar to

the mortality among patients in LMICs who received ECMO (64.9%

[491/756] vs 66.7% [24/36], respectively) (Figure 4D).
3.5 | Risk factors for coagulopathy complications

Using multivariable logistic regression, selected risk factors for any

coagulopathy complication were compared (Figure 5A). The covariates

associated with the largest increased odds of coagulopathy compli-

cations were HIC economic classification (OR, 3.08; 95% CI, 2.84-

3.35), advanced treatment (OR, 2.23; 95% CI, 2.15-2.32), and ECMO

(OR, 10.49; 95% CI, 9.18-12). The comorbidities associated with an

increased risk of coagulopathy complications were hematologic dis-

ease, chronic neurologic disease, cancer, and chronic cardiac disease.



T AB L E 1 Demographics of high-income vs low- and middle-income patients.

Characteristic Category

High-income countries

N = 183,649 (37.1%)

Low- and middle-income countries

N = 312,033 (62.9%) P value

Treatment intensity Basic treatments 127,732 (69.6%) 291,570 (93.4%)

Treatment intensity Advanced treatments 54,573 (29.7%) 20,334 (6.5%)

Treatment intensity Extracorporeal membrane oxygenation 1344 (0.7%) 129 (0.04%)

Age (y) Mean (SD) 67.7 (17.8) 54.1 (16.4) <.001

Median (IQR) 71.0 (56.0-82.0) 55.0 (42.0-66.0) -

Range 18.0-107.0 18.0-109.0 -

Body mass index Mean (SD) 29.8 (7.2) 30.5 (8.8) .001

Median (IQR) 28.5 (25.2-33.0) 28.9 (24.9-34.2) -

Ethnicity ABORIGINALFIRSTNATIONS 104/150,548 (0.07%) 0/195,354 (0%) <.001

Arab 1028/150,548 (0.68%) 4/195,354 (0%) -

Black 5842/150,548 (3.88%) 127,234/195,354 (65.13%) -

East Asian 1122/150,548 (0.75%) 573/195,354 (0.29%) -

Latin American 1358/150,548 (0.9%) 1312/195,354 (0.67%) -

Mixed ethnicity 1110/150,548 (0.74%) 111/195,354 (0.06%) -

Other 4618/150,548 (3.07%) 15,361/195,354 (7.86%) -

South Asian 10789/150,548 (7.17%) 19,383/195,354 (9.92%) -

South East Asian 59/150,548 (0.04%) 3777/195,354 (1.93%) -

West Asian 452/150,548 (0.3%) 10/195,354 (0.01%) -

White 124,066/150,548 (82.41%) 27,589/195,354 (14.12%) -

Sex Female 81,062/183,605 (44.15%) 166,458/312,033 (53.35%) <.001

Male 102,334/183,605 (55.74%) 145,525/312,033 (46.64%) -

Pregnancy Yes 2116/183,649 (1.15%) 8867/312,033 (2.84%) <.001

Diabetes Yes 52,849/180,870 (29.22%) 63,632/311,735 (20.41%) <.001

Chronic cardiac disease Yes 69,992/154,485 (45.31%) 93,459/311,498 (30%) <.001

Chronic kidney disease Yes 28,060/181,053 (15.5%) 6183/311,734 (1.98%) <.001

Chronic pulmonary disease Yes 26,885/175,568 (15.31%) 460/19,737 (2.33%) <.001

Chronic neurologic disease Yes 20,369/180,524 (11.28%) 394/21,138 (1.86%) <.001

Malignant neoplasm Yes 17,275/180,539 (9.57%) 168/21,138 (0.79%) <.001

Chronic hematologic disease Yes 7111/175,932 (4.04%) 42/19,737 (0.21%) <.001

Chronic liver disease Yes 186/4593 (4.05%) 19/1401 (1.36%) <.001

Oral steroid use on admission Yes 900/14,759 (6.1%) 100/11,474 (0.9%) <.001
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Other risk factors included smoking and male sex. When other risk

factors were controlled for, increasing age, chronic kidney disease, and

chronic pulmonary disease were not associated with an increased risk

of coagulopathy complications (Figure 5A).
3.6 | Risk factors for in-hospital mortality

A multivariable analysis was performed to determine whether there

was an independent association between coagulopathy complications

and mortality (Figure 5B). After adjustment for economic cohort,
advanced treatment, ECMO, multiple chronic diseases, male sex, and

age, coagulopathy complications were associated with an increased

risk of mortality (OR, 1.58; 95% CI, 1.52-1.64). Compared with pa-

tients in HICs, patients in LMICs had an increased risk of mortality

(OR, 1.45; 95% CI, 1.39-1.51).
4 | DISCUSSION

In this multinational, prospective, observational study, we found that

the frequency of coagulopathy complications associated with



F I GUR E 2 (A) Trends in coagulopathy complications over time for LMICs. Months specified along x-axis; "coagulation" stands for

"coagulopathy/DIC"; "venous thromboembolic complication" is the combinationof deepvenous thrombosis andpulmonary embolism. (B) Trends in

coagulopathy complications over time for HICs. Months specified along x-axis. "Coagulation/DIC" stands for "Coagulopathy/Disseminated

intravascular coagulopathy"; Venous thromboembolic complication is the combination of both deep venous thrombosis and pulmonary embolism.

(C) Cumulative Number of COVID-19Cases andComplications: The x-axis displays the study period, dark blue line: cumulative number of COVID-

cases in the registry over time; light blue line: cumulative number of coagulopathy complications over time. (D) Mortality over time by Income

Cohort. The x-axis specifies month of study period, the monthly mortality rate is green for HICs and lavender for LMICs.
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T AB L E 2 Coagulopathy complications stratified by the economic classification of country.

Coagulopathy complication Low- and middle-income countries High-income countries P value

Myocardial infarction 146/14,057 (1.04%) 103/13,504 (0.76%) .016

Stroke 113/19,932 (0.57%) 2840/178,246 (1.59%) <.001

Coagulation disorder/disseminated intravascular coagulation 467/310,529 (0.15%) 6004/177,695 (3.38%) <.001

Pulmonary embolism 262/303,156 (0.09%) 3608/105,987 (3.4%) <.001

Gastrointestinal bleeding 142/19,932 (0.71%) 2686/177,716 (1.51%) <.001

Deep venous thrombosis 13/1069 (1.22%) 718/93,021 (0.77%) .10
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COVID-19 was lower than that reported in several smaller case series.

Moreover, we found that coagulopathy complications were detected

more frequently in HICs than in LMICs. Finally, we found that across

all stages of treatment intensity (which would be expected to corre-

late with disease severity) and for both economic strata, the presence

of coagulopathy complications was associated with increased

mortality.

The frequency of venous thromboembolic complications (PE +
DVT) in our study was substantially lower than the prevalence of

venous thromboembolism in early reports from China (25%) and

Europe (27%) but was comparable with the prevalence reported in 1

study from the United States (4.8%) (Table 2) [10,11,13].

The potential reasons for the low prevalence of these complica-

tions in our study include differences in the intensity of screening (ie,

routine screening vs testing only for symptoms suggesting thrombo-

embolism) and differences in anticoagulation practices as experience

with treating COVID-19 evolved. The thrombotic complications re-

ported in other studies included some outcomes, ie, central and

arterial line thrombosis, clotting of dialysis circuits, and systemic

arterial embolism, which were not included in the complication
F I GUR E 3 (A) Frequency of complications in low- and middle-income

blue bars: patients receiving advanced treatments; green bars: patients tre

complications in high-income countries. Light blue bars: patients receiving

treatments; green bars: patients treated with extracorporeal membrane o

coagulation; DVT, deep venous thrombosis; ECMO, extracorporeal membr

pulmonary embolism.
questions of the ISARIC case report forms [11,13]. In the early stages

of characterization of this new disease, laboratory and radiology as-

sessments may have been performed exhaustively in institutions

engaged in clinical research, leading to the detection of asymptomatic

coagulopathy complications. Alternatively, early COVID-19 variants

may in fact have had higher thrombogenicity than later variants.

Further studies are needed to clarify these potential explanations.

There are many potential reasons for the higher frequency of

coagulopathy complications observed in HICs, including more diag-

nostic resources such as computed tomography and laboratory tests

of coagulation disorders, and resources for higher-intensity routine

surveillance. In a survey of diagnostic resources available in LMICs,

computed tomography was one of the most limited resources [27]. A

markedly lower incidence of venous thromboembolism in LMICs than

that in HICs has been reported in other international studies [28].

Early in the pandemic, intensive surveillance, including universal

screening for thromboembolic disease in well-funded hospitals, may

have led to reports that a majority of patients with COVID-19 had

manifestations of a hypercoagulable state, leading to a working hy-

pothesis that thromboembolic complications were central to the
countries. Light blue bars: patients receiving basic treatment, dark

ated with extracorporeal membrane oxygenation. (B) Frequency of

basic treatment, dark blue bars: patients receiving advanced

xygenation. Coag/DIC, coagulopathy/disseminated intravascular

ane oxygenation; GI, gastrointestinal; MI, myocardial infarction; PE,



T AB L E 3 Comparison of demographics and comorbidities of patients with vs without coagulopathy complications.

Characteristic

No coagulopathy complication

N = 480,176 (96.9%)

Coagulopathy complication present

N = 15,506 (3.1%)

Standardized mean

difference (absolute value) P value

Age (y), mean (SD) 58.89 (18.15) 67.22 (16.25) 0.48 <.001

Median (IQR) 59 (46-73) 69 (56-80)

Female 241,627/480,133 (50.3%) 5893/15,505 (38%) 0.25 <.001

Male 238,256/480,133 (49.6%) 9603/15,505 (61.9%) 0.25

Pregnant patients 10,904/480,176 (2.3%) 79/15,506 (0.5%) 0.15 <.001

Diabetes 112,038/477,447 (23.5%) 4443/15,158 (29.3%) 0.13 <.001

Chronic cardiac disease 156,611/452,250 (34.6%) 6831/13,733 (49.7%) 0.31 <.001

Chronic kidney disease 31,839/477,613 (6.7%) 2404/15,174 (15.8%) 0.29 <.001

Chronic pulmonary disease 25,234/180,473 (14%) 2111/14,832 (14.2%) 0.02 <.001

Chronic neurologic disease 18,908/186,797 (10.1%) 1855/14,865 (12.5%) 0.07 <.001

Malignant neoplasm 15,877/186,811 (8.5%) 1566/14,866 (10.5%) 0.07 <.001

Chronic hematologic disease 6311/180,802 (3.5%) 842/14,867 (5.7%) 0.10 <.001

Smoking 48,082/473,315 (10.2%) 4009/14,888 (26.9%) 0.41 <.001

Oral steroid use on admission 893/24,636 (3.6%) 107/1597 (6.7%) 0.14 <.001

F I GUR E 4 In-hospital mortality by the presence of coagulopathy complications (dark blue) vs no such complications (light blue), for low-

and middle-income countries (LMICs) and high-income countries (HICs). (B) Mortality by treatment intensity, light blue for cohorts without

coagulopathy complications, dark blue for cohorts with coagulopathy complications, patient fractions specified along x-axis. (C) Mortality by

income category (LMIC on left and HIC on right), coagulopathy free (light blue), coagulopathy complications (dark blue). (D) Mortality by

treatment intensity, economic stratification (HIC, open rectangles; LMIC, cross-hatched rectangles), and treatment intensity.
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F I GUR E 5 (A) Multivariable analysis of risk factors for coagulopathy complications. Odds ratios and 95% CIs are indicated along the margin.

(B) Multivariable analysis of risk factors for mortality. Odds ratios and 95% CIs are indicated along the margin.
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pathophysiology of many fatal cases. Based on this perspective, many

clinicians rapidly adopted a practice of routinely using full or partial

anticoagulation (rather than standard-dose prophylactic anti-

coagulation) for hospitalized patients. Subsequently, randomized
controlled trials demonstrated that full anticoagulation of patients

with COVID-19 did not improve outcomes across the severity spec-

trum [29–31]. Extensive use of imaging and laboratory testing was

mainly a feature of HICs, based on the depth and breadth of diagnostic
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resources not available in LMICs. We thus hypothesize that the

availability of diagnostic resources to learn about a new disease in

HICs is the most likely explanation for a higher frequency of coagul-

opathy complications of COVID-19 in HICs than that in LMICs. Many

of these diagnoses in HICs may have been mild or asymptomatic

disorders, which would not be expected to lead to increased mortality.

The increased mortality among those with coagulopathy compli-

cations was substantial in not only the advanced-treatment cohort but

also the basic treatment cohort: an absolute mortality difference of

10.5% among patients in LMICs receiving basic treatment and 9.1%

among the patients in HICs receiving basic treatment. This contradicts

the concept that inflammation, coagulopathy, and the severity of

COVID-19 pulmonary disease could be modeled as a pyramid of

increasing illness, with parallel increases in cardiopulmonary failure

and coagulopathy [32]. An alternative paradigm is that a distinct

subset of patients with COVID-19 who are free from severe respi-

ratory failure or shock and thus do not require advanced treatment

may still have significant coagulopathy derangements, with clinical

consequences that may be life threatening. This illustrates the

importance of taking an individualized approach to coagulopathy risk

stratification and prophylaxis [33].

For patients with coagulopathy complications, the difference in

mortality between LMIC and HIC cohorts was significant in the

advanced-treatment cohort (Figure 4D). The potential explanations

for the high mortality in this LMIC cohort (64.9%) are that many di-

agnoses may have been made when the complication was clinically

severe or at an advanced stage when treatment was not likely to be

effective.

In the multivariable analysis, both coagulopathy complications and

living in a LMIC were independently associated with increased mor-

tality after adjustment for treatment intensity and multiple comor-

bidities (Figure 5B). The mortality was higher across the spectrum of

treatment intensity among patients in LMICs, and the increase in

mortality associated with coagulopathy complications was greater

among patients in LMICs than among patients in HICs. The potential

reasons for this include delayed presentation to the hospital for pa-

tients in rural settings and lack of resources for escalating care for

patients not improving with basic care. Limited resources for

advanced care are a potential explanation for the observation that

only 6.5% of patients in LMICs received advanced care compared with

29.7% of patients in HICs. A finding that calls for additional investi-

gation is that mortality improved over the study period for HICs but

worsened for LMICs. This finding highlights the profound need for

distributing specific antiviral therapies (such as vaccines and novel

antiviral medications) to developing countries during a pandemic.

Although COVID-19 is no longer classified as a global public

health crisis, this study has important implications for future novel

diseases. Multicenter registries are important for gathering informa-

tion representative of a broad sample of clinical presentations, which

may differ substantially from initial reports from single centers.

Another key insight is that case report forms for new diseases should

contain a wide variety of symptoms and complications; this will make

it more likely that unexpected manifestations of the disease can be
captured earlier and in a larger number of patients than if case report

forms must be modified. Finally, this work highlights the imperative to

develop evaluation and intervention strategies that can be used in

low-resource settings to narrow the stark disparities in outcomes in

LMICs vs HICs during the conditions of a pandemic crisis.
4.1 | Limitations

This study has some limitations and strengths that are important to

acknowledge. Each site participated in the registry voluntarily, which

constitutes selection bias, resulting in unknown external validity of the

observations. Therewere no protocols specifying the criteria for testing

patients for coagulopathy complications; testing was based on clinical

judgment or local policies for managing patients with COVID-19. In

addition, the advanced-treatment cohortwas based on treatments such

as mechanical ventilation, administration of vasoactive medications,

and admission to intensive care, with treatment decisions at the

discretion of attendingmedical staff.While a similar method of defining

a cohortwith advancedcareneeds, as a surrogate for severeCOVID-19,

has been used in another ISARIC study, we cannot determine to what

extent resource limitations and variability of treatment thresholds, eg,

criteria for admission to the intensive care unit across sites, might lead

to important differences in the treatment intensity cohorts between

LMICs and HICs. Unfortunately, information such as blood gas values

was missing in too many patients to use more objective criteria for

disease severity [26]. Another important limitation to consider is that

the type of laboratory assay to confirm SARS-CoV-2 infection was not

specified in the case report form instrument; thus, it is not possible to

determine, for example, the number of tests based on polymerase chain

reaction vs based on antigen detection using colorimetry. Data collec-

tion was performed across a wide range of resource settings and during

periods of surges, necessitating the accommodation of centers with

limited data sets, and patients without data on complications had to be

excluded. This resulted in the largest limitation of the study: the number

of patients in LMICs with case report forms including the complications

MI, stroke, GIB, and DVT was relatively small. This subset of patients in

LMICs with details regarding complications may have differed in

important ways from patients who did not have complication data

available for analysis. The insight that coagulopathy and thrombosis

were the hallmarks of severeCOVID-19 led to addition of specific fields

for DVT and PE to the complications section of case report forms after

the initial enrollment period. Because of missing data, medication use,

including the use of anticoagulants and steroids, as well as coagulation

laboratory values could not be incorporated into the analysis. At the

time of data extraction, vaccination status was not included in the

registry; a future study is focused on this important aspect. The

strengths of the study include the number of patients involved and in-

clusion of patientswho received both advanced and basic treatments as

well as recruitment frombothHICs and LMICs. Additionally, 80% of the

patients were enrolled in countries with full national recruitment of

patients hospitalized for COVID-19, and all sites were required to

adhere to a strategy to prevent selection bias (Supplementary File).
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5 | CONCLUSIONS

In this large, international registry, we found that the prevalence of

coagulopathy complications (defined as any of the following 6 outcomes:

PE, DVT, stroke/cerebrovascular accident, MI, GIB, and coagulation dis-

order/DIC) in adult patients hospitalized for COVID-19was substantially

lower than that reported in smaller case series, particularly from reports

published early during the pandemic. Coagulopathy complications were

more frequently observed inHICs than in LMICs, and the prevalencewas

higher among patients who received advanced treatment. In-hospital

mortality was higher among patients with coagulopathy complications,

and the increase inmortality associatedwith coagulopathy complications

was greater in LMICs than in HICs, particularly for patients in the

advanced-treatment cohort. Coagulopathy complications were associ-

ated with increased mortality across economic settings and among pa-

tients receiving both basic and advanced treatment; therefore, future

efforts should be directed toward early diagnosis and intervention,

particularly in lower-resource settings.
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Tuberkulose und anderer Lungenkrankheiten of the City of Vienna,

Project Number: APCOV22BGM; Italian Ministry of Health “Fondi

Ricerca corrente–L1P6” to IRCCS Ospedale Sacro Cuore–Don Cala-

bria; Australian Department of Health grant (3273191); Gender Eq-

uity Strategic Fund at University of Queensland, Artificial Intelligence

for Pandemics (A14PAN) at University of Queensland, the Australian

Research Council Centre of Excellence for Engineered Quantum

Systems (CE170100009), the Prince Charles Hospital Foundation,

Australia; Brazil, National Council for Scientific and Technological

Development Scholarship number 303953/2018- 7; the Firland

Foundation, Shoreline, Washington, USA; a grant from foundation

Bevordering Onderzoek Franciscus; the South Eastern Norway Health

Authority and the Research Council of Norway; Institute for Clinical

Research, National Institutes of Health supported by the Ministry of

Health Malaysia; grants from the National Institute for Health

Research (NIHR; award CO-CIN-01), the Medical Research Council

(grant MC_PC_19059), and by the NIHR Health Protection Research

Unit in Emerging and Zoonotic Infections at University of Liverpool in

partnership with Public Health England (award 200907), NIHR Health

Protection Research Unit in Respiratory Infections at Imperial College

London with Public Health England (award 200927), Liverpool

Experimental Cancer Medicine Centre (grant C18616/A25153), NIHR

Biomedical Research Centre at Imperial College London (award IS-

BRC-1215-20013), and NIHR Clinical Research Network providing

infrastructure support. M.J.G. received support through the Faculty

Small Grant Program from the Vice President for Research of the

University of Utah to fund statistical analysis. This project was sup-

ported by the University Research Committee and the Study Design

and Biostatistics Center (National Center for Research Resources and

the National Center for Advancing Translational Sciences, National

Institutes of Health, Grant 8UL1TR000105 (formerly UL1RR025764))

at the University of Utah and by Universidad de La Sabana (MED-309-

2021). Its contents are solely the responsibility of the authors and do



GRIFFEE ET AL. - 13 of 18
not necessarily represent the official views of the University Research

Committee, Vice President for Research Office, or University of Utah.
ETHICS STATEMENT

Ethics approval and informed consent were obtained at each site by

the site investigators, according to local regulations, which included a

waiver of consent to collect de-identified data at several sites due to

the burden on front-line workers and the data protection framework

in place. The WHO-ISARIC Clinical Characterization Protocol was

approved by the WHO Ethics Committee (RPC571 and RPC572)

(Reference [22], pages 2-3).
AUTHOR CONTRIBUTIONS

M.J.G. was involved in study conception and design, acquisition of

data, analysis and interpretation, drafting and revision of the article, as

well as conception and revision of figures. P.T.B., S.-M.C., and L.F.R.

were involved in study design, analysis and interpretation of data,

revision of the article. D.P.E. was involved in statistical analysis, data

cleaning, analysis of data, composition and formatting of figures, and

drafting of the manuscript. D.R. was involved in study conception and

design, analysis and interpretation of data, and manuscript drafting

and revising. L.M. was involved in study design, data acquisition,

interpretation of results, revision of data analysis, and proofreading.

B.W.C. was involved in study design, data acquisition, and revision of

the manuscript. J.F. and P.M.A.A. were involved in study design and

interpretation of results. J.F. was involved in concept and design of

database and contribution of data. H.D. was involved in concept and

design of the study. All authors read and approved the final version of

the paper.
RELATIONSHIP DISCLOSURE

There are no competing interests to disclose.
DATA AVAILABILITY

The data that underpin this analysis are highly detailed clinical data on

individuals hospitalized for COVID-19. Due to the sensitive nature of

these data and the associated privacy concerns, they are available via

a governed data access mechanism following review of a data access

committee. Data can be requested via the Infectious Disease Data

Observatory COVID-19 Data Sharing Platform (http://www.iddo.org/

covid-19). The Data Access Application, Terms of Access, and details

of the Data Access Committee are available on the website. Briefly,

the requirements for access are a request from a qualified researcher

working with a legal entity who has a health and/or research remit; a

scientifically valid reason for data access that adheres to appropriate

ethical principles. The full terms are at https://www.iddo.org/

document/covid-19-data-access-guidelines. A small subset of sites

that contributed data to this analysis have not agreed to pooled data

sharing as above. In the case of requiring access to these data, please

contact the corresponding author in the first instance, who will look to

facilitate access.
REFERENCES

[1] Conway EM, Mackman N, Warren RQ, Wolberg AS, Mosnier LO,

Campbell RA, et al. Understanding COVID-19-associated coagulop-

athy. Nat Rev Immunol. 2022;22:639–49.

[2] Iba T, Connors JM, Levy JH. The coagulopathy, endotheliopathy, and

vasculitis of COVID-19. Inflamm Res. 2020;69:1181–9.

[3] Nakamura J, Tsujino I, Yachi S, Takeyama M, Nishimoto Y, Konno S,

et al. Incidence, risk factors, and clinical impact of major bleeding in

hospitalized patients with COVID-19: a sub-analysis of the CLOT-

COVID Study. Thromb J. 2022;20:1–9.

[4] Six I, Guillaume N, Jacob V, Mentaverri R, Kamel S, Boullier A, et al.

The endothelium and COVID-19: an increasingly clear link

brief title: endotheliopathy in COVID-19. Int J Mol Sci. 2022;23:

6196.

[5] Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T,

Laenger F, et al. Pulmonary vascular endothelialitis, thrombosis, and

angiogenesis in Covid-19. N Engl J Med. 2020;383:120–8.

[6] D’Agnillo F, Walters KA, Xiao Y, Sheng ZM, Scherler K, Park J, et al.

Lung epithelial and endothelial damage, loss of tissue repair, inhibi-

tion of fibrinolysis, and cellular senescence in fatal COVID-19. Sci

Transl Med. 2021;13:eabj7790.

[7] Prasoppokakorn T, Kullavanijaya P, Pittayanon R. Risk factors of

active upper gastrointestinal bleeding in patients with COVID-19

infection and the effectiveness of PPI prophylaxis. BMC Gastro-

enterol. 2022;22:465.

[8] Modin D, Claggett B, Sindet-Pedersen C, Lassen MCH, Skaarup KG,

Jensen JUS, et al. Acute COVID-19 and the incidence of ischemic

stroke and acute myocardial infarction. Circulation. 2020;142:2080–

2.

[9] Knight R, Walker V, Ip S, Cooper JA, Bolton T, Keene S, et al. As-

sociation of COVID-19 with major arterial and venous thrombotic

diseases: a population-wide cohort study of 48 million adults in

England and Wales. Circulation. 2022;146:892–906.

[10] Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous thrombo-

embolism in patients with severe novel coronavirus pneumonia.

J Thromb Haemost. 2020;18:1421–4.

[11] Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS,

Gommers DAMPJ, Kant KM, et al. Incidence of thrombotic compli-

cations in critically ill ICU patients with COVID-19. Thromb Res.

2020;191:145–7.

[12] Kollias A, Kyriakoulis KG, Lagou S, Kontopantelis E, Stergiou GS,

Syrigos K. Venous thromboembolism in COVID-19: a systematic

review and meta-analysis. Vasc Med. 2021;26:415–25.

[13] Al-Samkari H, Karp Leaf RS, Dzik WH, Carlson JCT, Fogerty AE,

Waheed A, et al. COVID-19 and coagulation: bleeding and throm-

botic manifestations of SARS-CoV-2 infection. Blood. 2020;136:489–

500.

[14] Kyriakoulis KG, Dimakakos E, Kyriakoulis IG, Catalano M,

Spyropoulos AC, Schulman S, et al. Practical recommendations for

optimal thromboprophylaxis in patients with COVID-19: a

consensus statement based on available clinical trials. J Clin Med.

2022;11:5997.

[15] Schulman S, Sholzberg M, Spyropoulos AC, Zarychanski R,

Resnick HE, Bradbury CA, et al. ISTH guidelines for antithrombotic

treatment in COVID-19. J Thromb Haemost. 2022;20:2214–25.

[16] Reyes LF, Murthy S, Garcia-Gallo E, Merson L, Ibáñez-Prada ED,
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François Angoulvant; Séverine Ansart; Sivanesen Anthonidass; Mas-

simo Antonelli; Carlos Alexandre Antunes de Brito; Ardiyan Apriyana;

Yaseen Arabi; Irene Aragao; Francisco Arancibia; Carolline Araujo;

Antonio Arcadipane; Patrick Archambault; Lukas Arenz; Jean-Benoît

Arlet; Christel Arnold-Day; Lovkesh Arora; Rakesh Arora; Elise

Artaud-Macari; Diptesh Aryal; Angel Asensio; Muhammad Ashraf;

Jean Baptiste Assie; Amirul Asyraf; Minahel Atif; Anika Atique; Johann

Auchabie; Hugues Aumaitre; Adrien Auvet; Laurène Azemar; Cecile

Azoulay; Benjamin Bach; Delphine Bachelet; Claudine Badr; Nadia

Baig; J. Kenneth Baillie; Erica Bak; Agamemnon Bakakos; Nazreen Abu

Bakar; Andriy Bal; Mohanaprasanth Balakrishnan; Valeria Balan;
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Bernal Sobrino; Giulia Bertoli; Lorenzo Bertolino; Simon Bessis; Sybille

Bevilcaqua; Karine Bezulier; Amar Bhatt; Krishna Bhavsar; Claudia

Bianco; Farah Nadiah Bidin; Moirangthem Bikram Singh; Felwa Bin

Humaid; Mohd Nazlin Bin Kamarudin; Zeno Bisoffi;François Bissuel;

Laurent Bitker; Jonathan Bitton; Pablo Blanco-Schweizer; Catherine

Blier; Frank Bloos; Mathieu Blot; Lucille Blumberg; Filomena Boccia;

Laetitia Bodenes; Debby Bogaert; Anne-Hélène Boivin; Isabela

Bolaños; Pierre-Adrien Bolze; François Bompart; Diogo Borges;

Raphaël Borie; Hans Martin Bosse; Elisabeth Botelho-Nevers; Lila

Bouadma; Olivier Bouchaud; Sabelline Bouchez; Dounia Bouhmani;
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Benedict Sim Lim Heng; Wai Ching Sin; Punam Singh; Budha Charan

Singh; Pompini Agustina Sitompul; Karisha Sivam; Vegard Skogen; Sue

Smith; Benjamin Smood; Coilin Smyth; Michelle Smyth; Morgane

Snacken; Dominic So; Tze Vee Soh; Joshua Solomon; Tom Solomon;

Emily Somers; Agnès Sommet; Rima Song; Myung Jin Song; Tae Song;

Jack Song Chia; Michael Sonntagbauer; Azlan Mat Soom; Albert Sotto;

Edouard Soum; Marta Sousa; Ana Chora Sousa; Maria Sousa Uva;

Vicente Souza-Dantas; Alexandra Sperry; Elisabetta Spinuzza; Shir-

anee Sriskandan; Sarah Stabler; Thomas Staudinger; Stephanie-

Susanne Stecher; Trude Steinsvik; Ymkje Stienstra; Birgitte Stiksrud;

Eva Stolz; Amy Stone; Adrian Streinu-Cercel; Anca Streinu-Cercel;

Ami Stuart; David Stuart; Richa Su; Jacky Y. Suen; Gabriel Suen;

Prasanth Sukumar; Asfia Sultana; Charlotte Summers; Dubravka

Supic; Deepashankari Suppiah; Magdalena Surovcová; Sarah Syahrin;
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Netten; Frank van Someren Gréve; Ilonka van Veen; Hugo Van Wil-

ligen; Noémie Vanel; Henk Vanoverschelde; Pooja Varghese; Michael

Varrone; Shoban Raj Vasudayan; Charline Vauchy; Shaminee Veeran;
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