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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).
Obijectives: 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% Cl, 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
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other factors, the mortality was higher among patients in LMICs than among patients in
HICs (odds ratio, 1.45; 95% Cl, 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.
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* COVID-19 is associated with complications related to abnormal bleeding and clotting.

+ We investigated bleeding and clotting complications in 495,682 adult patients.

+ Bleeding and clotting complications were more frequent in high-income countries.

* The impact of complications on mortality 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 (M) [8,9].

Early case series from Asia and Europe reported diagnosis of throm-
boembolic complications in 25% to 50% of patients with severe COVID-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 on Thrombosis
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
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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
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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, Ml, 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
ECMO or

advanced-treatment cohort. The main outcomes evaluated in this

require any of the treatments defining the
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
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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% Cl, 0.572-
0.604; P < .001) in HICs; the OR for mortality over time was 1.321
(95% Cl, 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 Ml 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 Ml and DVT was higher in LMICs and
was significantly higher for Ml (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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v
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v
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’ Final cohort: 495,682 patients ‘

LMIC: 312,033 (62.95%)

* Basictreatment: 291,570 (93.4%)
« Advancedtreatment: 20,334 (6.5%)

« ECMO: 129 (0.04%)

High-Income: 183,649 (37.05%)
. |+ Basic: 127,732 (69.6%)
¢ Advanced: 54,573 (29.7%)
« ECMO: 1,344 ( 0.7%)

FIGURE 1 Patient Flow Diagram, showing exclusion steps and final cohorts by treatment intensity for LMIC and HIC.

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% Cl, 2.84-
3.35), advanced treatment (OR, 2.23; 95% Cl, 2.15-2.32), and ECMO
(OR, 10.49; 95% Cl, 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.
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TABLE 1

Characteristic Category

Treatment intensity Basic treatments
Treatment intensity Advanced treatments
Treatment intensity Extracorporeal membrane oxygenation
Age (y) Mean (SD)
Median (IQR)
Range
Body mass index Mean (SD)
Median (IQR)
Ethnicity ABORIGINALFIRSTNATIONS
Arab
Black
East Asian
Latin American
Mixed ethnicity
Other
South Asian
South East Asian
West Asian
White
Sex Female
Male
Pregnancy Yes
Diabetes Yes
Chronic cardiac disease Yes
Chronic kidney disease Yes
Chronic pulmonary disease Yes
Chronic neurologic disease Yes
Malignant neoplasm Yes
Chronic hematologic disease  Yes

Chronic liver disease Yes

Oral steroid use on admission Yes

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,

Demographics of high-income vs low- and middle-income patients.

High-income countries

Low- and middle-income countries

N = 183,649 (37.1%) N = 312,033 (62.9%) P value
127,732 (69.6%) 291,570 (93.4%)
54,573 (29.7%) 20,334 (6.5%)
1344 (0.7%) 129 (0.04%)
67.7 (17.8) 54.1 (16.4) <.001
71.0 (56.0-82.0) 55.0 (42.0-66.0) -
18.0-107.0 18.0-109.0 =
29.8 (7.2) 30.5 (8.8) .001
28.5 (25.2-33.0) 28.9 (24.9-34.2) =
104/150,548 (0.07%) 0/195,354 (0%) <.001
1028/150,548 (0.68%) 4/195,354 (0%) =
5842/150,548 (3.88%) 127,234/195,354 (65.13%) -
1122/150,548 (0.75%) 573/195,354 (0.29%) =
1358/150,548 (0.9%) 1312/195,354 (0.67%) -
1110/150,548 (0.74%) 111/195,354 (0.06%) =
4618/150,548 (3.07%) 15,361/195,354 (7.86%) -
10789/150,548 (7.17%) 19,383/195,354 (9.92%) =
59/150,548 (0.04%) 3777/195,354 (1.93%) -
452/150,548 (0.3%) 10/195,354 (0.01%) =
124,066/150,548 (82.41%) 27,589/195,354 (14.12%) -
81,062/183,605 (44.15%) 166,458/312,033 (53.35%) <.001
102,334/183,605 (55.74%) 145,525/312,033 (46.64%) -
2116/183,649 (1.15%) 8867/312,033 (2.84%) <.001
52,849/180,870 (29.22%) 63,632/311,735 (20.41%) <.001
69,992/154,485 (45.31%) 93,459/311,498 (30%) <.001
28,060/181,053 (15.5%) 6183/311,734 (1.98%) <.001
26,885/175,568 (15.31%) 460/19,737 (2.33%) <.001
20,369/180,524 (11.28%) 394/21,138 (1.86%) <.001
17,275/180,539 (9.57%) 168/21,138 (0.79%) <.001
7111/175,932 (4.04%) 42/19,737 (0.21%) <.001
186/4593 (4.05%) 19/1401 (1.36%) <.001
900/14,759 (6.1%) 100/11,474 (0.9%) <.001

advanced treatment, ECMO, multiple chronic diseases, male sex, and
age, coagulopathy complications were associated with an increased
risk of mortality (OR, 1.58; 95% Cl, 1.52-1.64). Compared with pa-
tients in HICs, patients in LMICs had an increased risk of mortality
(OR, 1.45; 95% Cl, 1.39-1.51).

4 | DISCUSSION

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

the frequency of coagulopathy complications associated with
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FIGURE 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 combination of deep venous thrombosis and pulmonary 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-19 Cases and Complications: 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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TABLE 2

Coagulopathy complication

Myocardial infarction

Stroke

Coagulation disorder/disseminated intravascular coagulation
Pulmonary embolism

Gastrointestinal bleeding

Deep venous thrombosis

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
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386/ 19861 132/18314 81455 125712953 101/12953 138/ 12566
(1.9%) (0.7%) (1.8%) (1%) (0.8%) (1.1%)
15/126 3197 5/75 107126 8/126 47114
(11.9%) (3.1%) (6.7%) (7.9%) (6.3%) (3.5%)
Coag/DIC PE DVT GIBleed Stroke MI

Coagulopathy complications stratified by the economic classification of country.

Low- and middle-income countries High-income countries P value
146/14,057 (1.04%) 103/13,504 (0.76%) .016
113/19,932 (0.57%) 2840/178,246 (1.59%) <.001

467/310,529 (0.15%) 6004/177,695 (3.38%) <.001

262/303,156 (0.09%) 3608/105,987 (3.4%) <.001
142/19,932 (0.71%) 2686/177,716 (1.51%) <.001

13/1069 (1.22%) 718/93,021 (0.77%) .10

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
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(A) Frequency of complications in low- and middle-income countries. Light blue bars: patients receiving basic treatment, dark

blue bars: patients receiving advanced treatments; green bars: patients treated with extracorporeal membrane oxygenation. (B) Frequency of
complications in high-income countries. Light blue bars: patients receiving basic treatment, dark blue bars: patients receiving advanced
treatments; green bars: patients treated with extracorporeal membrane oxygenation. Coag/DIC, coagulopathy/disseminated intravascular
coagulation; DVT, deep venous thrombosis; ECMO, extracorporeal membrane oxygenation; Gl, gastrointestinal; MI, myocardial infarction; PE,
pulmonary embolism.
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TABLE 3 Comparison of demographics and comorbidities of patients with vs without coagulopathy complications.

Characteristic

Age (y), mean (SD)

Median (IQR)

Female

Male

Pregnant patients
Diabetes

Chronic cardiac disease
Chronic kidney disease
Chronic pulmonary disease
Chronic neurologic disease
Malignant neoplasm
Chronic hematologic disease
Smoking

Oral steroid use on admission

No coagulopathy complication
N = 480,176 (96.9%)

58.89 (18.15)
59 (46-73)
241,627/480,133 (50.3%)
238,256/480,133 (49.6%)
10,904/480,176 (2.3%)
112,038/477,447 (23.5%)
156,611/452,250 (34.6%)
31,839/477,613 (6.7%)
25,234/180,473 (14%)
18,908/186,797 (10.1%)
15,877/186,811 (8.5%)
6311/180,802 (3.5%)
48,082/473,315 (10.2%)
893/24,636 (3.6%)

Coagulopathy complication present
N = 15,506 (3.1%)

67.22 (16.25)
69 (56-80)
5893/15,505 (38%)
9603/15,505 (61.9%)
79/15,506 (0.5%)
4443/15,158 (29.3%)
6831/13,733 (49.7%)
2404/15,174 (15.8%)
2111/14,832 (14.2%)
1855/14,865 (12.5%)
1566/14,866 (10.5%)
842/14,867 (5.7%)
4009/14,888 (26.9%)
107/1597 (6.7%)

Standardized mean
difference (absolute value)

0.48

0.25
0.25
0.15
0.13
0.31
0.29
0.02
0.07
0.07
0.10
041
0.14
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P value

<.001
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FIGURE 5

(A) Multivariable analysis of risk factors for coagulopathy complications. Odds ratios and 95% Cls are indicated along the margin.

(B) Multivariable analysis of risk factors for mortality. Odds ratios and 95% Cls are indicated along the margin.

pathophysiology of many fatal cases. Based on this perspective, many
clinicians rapidly adopted a practice of routinely using full or partial
anticoagulation than standard-dose prophylactic anti-
coagulation) for hospitalized patients. Subsequently, randomized

(rather

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
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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.

41 | 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. There were 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 cohort was based on treatments such
as mechanical ventilation, administration of vasoactive medications,
and admission to intensive care, with treatment decisions at the
discretion of attending medical staff. While a similar method of defining
acohort with advanced care needs, as a surrogate for severe COVID-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
M, 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 severe COVID-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 patients who received both advanced and basic treatments as
well as recruitment from both HICs 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, Ml, GIB, and coagulation dis-
order/DIC) in adult patients hospitalized for COVID-19 was substantially
lower than that reported in smaller case series, particularly from reports
published early during the pandemic. Coagulopathy complications were
more frequently observed in HICs than in LMICs, and the prevalence was
higher among patients who received advanced treatment. In-hospital
mortality was higher among patients with coagulopathy complications,
and the increase in mortality associated with 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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