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Abstract. As some patients infected with the novel coronavirus progress to critical illness, a subset will eventually
develop shock. High-quality data on management of these patients are scarce, and further investigation will provide
valuable information in the context of the pandemic. A group of experts identify a set of pragmatic recommendations for
the care of patients with SARS-CoV-2 and shock in resource-limited environments. We define shock as life-threatening
circulatory failure that results in inadequate tissue perfusion and cellular dysoxia/hypoxia, and suggest that it can be
operationalized via clinical observations. We suggest a thorough evaluation for other potential causes of shock and
suggest against indiscriminate testing for coinfections. We suggest the use of the quick Sequential Organ Failure As-
sessment (QSOFA) as a simple bedside prognostic score for COVID-19 patients and point-of-care ultrasound (POCUS) to
evaluate the etiology of shock. Regarding fluid therapy for the treatment of COVID-19 patients with shock in low-
middle-income countries, we favor balanced crystalloids and recommend using a conservative fluid strategy for re-
suscitation. Where available and not prohibited by cost, we recommend using norepinephrine, given its safety profile. We
favor avoiding the routine use of central venous or arterial catheters, where availability and costs are strong consider-
ations. We also recommend using low-dose corticosteroids in patients with refractory shock. In addressing targets of
resuscitation, we recommend the use of simple bedside parameters such as capillary refill time and suggest that POCUS
be used to assess the need for further fluid resuscitation, if available.

INTRODUCTION shock by reviewing the literature. These were reviewed for
content and clarity by the heads from other subgroups. After
their approval, we split up, each seeking evidence for rec-
ommendations regarding the questions posed, seeking help
from other subgroup members in identifying relevant publi-

The recommendations for management of COVID-19 pa-
tients with shock in low-middle-income countries (LMICs)
should ideally be based on high-quality evidence such as
well-designed randomized controlled trials in patients in- cations where necessary.
fected with SARS-CoV-2 conducted in LMICs. However, A literature search was performed in a minimum of one

such evidence is essentially nonexistent, and we must .

mostly extrapolate from stud)i/es conducted in high-income general dqtabqse (ie., MEDLINE apd FTMBASE) e.md.the
y b . '9 Cochrane libraries. Furthermore, we identified investigations

countries (HICs), non—-COVID-19 patients, studies of sub- from LMICs and searched for unpublished study results. We

optimal quality, or some aforementioned combination. Nev- also reviewed existing guidelines fromthe WHO, U.S. NIH, and
ertheless, given the widespread pandemic with millions Surviving Sepsis Campaign COVID-19.

affected, we offer a set of pragmatic recommendations for We scored the quality of evidence from low to high and
management of COVID-19 patients with shock in LMICs made recommendations based on the quality of evidence,

based on areview of the available literature and international magnitude of effects, availability, feasibility, affordability, and
guidelines. safety in LMICs. In the absence of high-quality evidence from
COVID-19 patients or specifically from LMIC settings, we

METHODS extrapolated from available studies from HICs or non—-COVID-

19 patients, or both.
A full description of the methods is provided in the Appen-

c#x. An |.nternat|onal tgam of cllnlglans with s!gnlflcant expe- QUESTIONS

rience in resource-limited settings appraised a list of

questions pertinent to managing COVID-19 patients with We formulated twelve questions grouped into four cate-
gories as:
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b. For COVID-19 patients with shock in LMICs, should we
screen for coexisting bacterial, viral, or parasitic infection?

c. For COVID-19 patients with shock in LMICs, should
bedside scoring systems for bacterial sepsis such as
qSOFA be used?

d. For COVID-19 patients with shock in LMICs, should ul-
trasound be used for the diagnosis of undifferentiated
shock?

2. Fluid therapy for treatment of shock

a. For COVID-19 patients with shock in LMICs, should the
overall volume resuscitation strategy be liberal or
conservative?

b. For COVID-19 patients with shock in LMICs, should
balanced or unbalanced crystalloid fluid be used?

c. For COVID-19 patients with shock in LMICs, should
crystalloids, colloids, or a combination be given?

3. Vasoactive medications for treatment of shock

a. For COVID-19 patients with shock in LMICs, which va-
soactive medications, if available, are recommended?

b. Should central venous catheters (CVCs) be used for in-
fusion of vasoactive medications when treating COVID-19
patients with shock in LMICs?

c. Should arterial lines be used to monitor COVID-19 pa-
tients on vasoactive medications in LMICs?

d. For COVID-19 patients with refractory shock requiring
vasoactive medications, should low-dose corticoste-
roids be administered?

4. Targets of resuscitation for shock - For COVID-19 patients
with shock in LMICs, what should be the static and dynamic
targets of resuscitation?

1a. For COVID-19 patients in LMICs, how should shock
be defined? Rationale. Defining shock is important for prompt
recognition and treatment of the condition. It is important to
differentiate the type of shock as there are significant differ-
ences in appropriate management depending on the cause.

Recommendations from other guidelines. WHO COVID-19
guidelines: Recognize septic shock in adults when infection is
suspected or confirmed AND vasopressors are needed to
maintain mean arterial pressure (MAP) > 65 mmHg AND lac-
tate is > 2 mmol/L, in the absence of hypovolemia.

Search strategy and MeSH terms. Searches were performed
in PubMed using the following MeSH and free-text terms
through August 15, 2020: “Shock AND definition,” “Septic
shock AND definition AND low resource country COVID-19
AND shock,” “COVID-19 AND clinical outcomes,” “COVID-19
AND bacterial infection, fungal infection, parasitic infection,”
and “Shock/septic AND coinfection.” Last, references of se-
lected articles were reviewed for relevant publications.

This search yielded 5,480 studies; 135 were clinical trials and/
or randomized clinical trials; 1,328 were meta-analyses, re-
views, and/or systematic reviews; and 154 were from LMICs.

Evidence. In review of the literature evaluating the clinical
outcomes in SARS-CoV-2 infection, no study offers a distinct
definition of shock specifically for COVID-19 patients that
differs from other patients. In the general context, shock is
defined as a life-threatening circulatory failure that results in
inadequate tissue perfusion and cellular dysoxia/hypoxia.*
This is often operationalized as MAP or systolic blood pressure
(SBP) < 65 mmHg or < 90 mmHg, respectively, when associated
with signs of systemic hypoperfusion, or clinically by recognition
of impaired peripheral perfusion (via assessment of prolonged

capillary refill, skin mottling, and skin temperature gradient), di-
aphoresis, oliguria, and impaired mental status.*® Shock can
further be categorized according to the underlying mechanism,
such as distributive (e.g., sepsis, anaphylaxis, and burn), car-
diogenic (e.g., myocardial infarction and cardiomyopathy),
hypovolemic (e.g., hemorrhage), and obstructive (e.g., pulmo-
nary embolism and pneumothorax).® Although features often
overlap, it is important to identify the type of shock to the extent
possible as proper categorization would guide management.

The reported rates of shock in patients with COVID-19 are
variable. For example, in a retrospective case series of 393
consecutive patients in two New York City hospitals, 32% of
all patients with COVID-19 and 95% of the 130 patients who
required mechanical ventilation received vasopressors.” By
sharp comparison, in a series of 99 consecutive patients from
northern Italy, only 6% of the patients were identified as having
shock (all of which were referred to as septic shock), all of
whom had underlying cardiac disease.? No study to date has
systematically evaluated the causes of shock in patients in-
fected with SARS-CoV-2. Instead, most studies attribute the
observed hypotension requiring vasopressor support as
septic shock, as defined by the 2016 Third International
Consensus Definition.*®® However, reported rates of coin-
fection appear to be low, suggesting septic shock due to
concurrent bacterial or fungal sepsis is unlikely.'® Viral sepsis
and direct effect of the SARS-CoV-2 virus itself have also been
proposed as a mechanism to explain associated tissue
hypoperfusion and immune dysregulation.’

The frequency of cardiogenic shock in critically ill COVID-19
patients has not yet been well characterized. Although a large
retrospective case series from New York City reported that
1.3% of hospitalized patients with COVID-19 needed inotro-
pic therapy and none required mechanical circulatory support,
it is not possible to definitively conclude that cardiogenic
shock was not present in this cohort, as some of those on
conventional vasopressors may have been managed for car-
diogenic or other types of shock without dedicated inotropes
or advanced mechanical support.” On the other hand, a ret-
rospective study of 191 consecutive patients in Wuhan, China,
early in the pandemic reported “acute cardiac injury” in 17% of
their cohort (defined as serum cardiac biomarkers above the
99th percentile or new abnormalities in electrocardiogram or
echocardiogram, suggesting some manifestation of cardiac
dysfunction).'? A similar single-center study of 416 patients in
Wuhan, China, defined “acute cardiac injury” by elevated se-
rum cardiac biomarkers above the 99th percentile, regardless
of electrocardiographic or echocardiographic changes, which
they identified in 19.7% of their patients.’® Neither study
correlated cardiac injury with shock or use of vasopressors
and inotropes to allow conclusions regarding the prevalence
of cardiogenic shock in these groups.

The contribution of pulmonary embolism manifesting as ob-
structive shock is also not yet well described in COVID-19, al-
though there have been reports of increased rates of
hypercoagulability manifesting as increased rates of venous
thromboembolism, especially in critically ill patients despite pro-
phylactic anticoagulation.'*"" Finally, experience at centers that
have seen large numbers of patients with COVID-19 requiring
mechanical ventilation, high positive end expiratory pressure
(PEEP), prone positioning, and deep sedation indicate that the
contribution from iatrogenic causes must be considered in the
evaluation of shock, namely, hemodynamic effects of positive
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pressure and sedative medications. Anecdotally, many of these
patients’ shock improved or resolved with lowering of PEEP and
sedation as tolerated by hypoxia.

Availability, feasibility, affordability, and safety. There is no
reason that the definition of shock should be any different for
LMICs. However, some features of systemic hypoperfusion,
such as lactate elevation, may not be available in many LMIC
settings. Also, it may be easier to use SBP < 90 mmHg as the
threshold rather than MAP thresholds as automatic oscillatory
blood pressure devices and arterial lines may not be available
in many LMIC settings. However, evaluation of peripheral
perfusion using capillary refill time (CRT) and skin mottling
scores, tracking of urine output, and evaluation of mental
status requires no additional technologies, but rely heavily on
human resources and staffing to perform frequent and detail-
oriented reevaluation.'®

Recommendations and suggestions. We suggest defining
shock as a life-threatening circulatory failure that results in
inadequate tissue perfusion and cellular dysoxia/hypoxia
(ungraded statement).

We suggest that recognition of shock can be operational-
ized clinically by observing diaphoresis, oliguria, and impaired
mental status, impaired peripheral perfusion (via assessment
of prolonged capillary refill, skin mottling, and skin tempera-
ture gradient), or requirement for vasopressor support to
maintain SBP > 90 mmHg despite absence of hypovolemia
(weak recommendation, low quality of evidence).

Although septic shock is the most commonly cited etiology of
shock in patients with SARS-CoV-2, we suggest a thorough
evaluation for other potential causes of shock, particularly those
that would change management, including cardiogenic shock
and pulmonary embolism. Furthermore, adverse hemodynamic
effects of either sedative medications or positive pressure
ventilation must also be considered (weak recommendation,
low quality of evidence).

1b. Identifying the patient in shock: For COVID-19
patients with shock in LMICs, should we screen for
coexisting bacterial, parasitic, or viral infection? Rationale.
Among patients with COVID-19 infection, coexisting bacterial,
parasitic, or some viral infections may necessitate appropriate
antimicrobial treatments for the coinfection. Whether these
patients should be screened depends on the prevalence of
such coinfections in the local setting.

Recommendations from other guidelines. WHO COVID-19
guidelines: Depending on local epidemiology and clinical symp-
toms, test for other potential etiologies (e.g., malaria, dengue fe-
ver, and typhoid fever) as appropriate.

Search strategy and MeSH terms. Searches were performed
in PubMed using the following MeSH and free-text terms through
August 15, 2020: “COVID-19 AND coinfection,” “COVID-19 AND
shock,” “COVID-19 AND bacterial infection, fungal infection, par-
asitic infection,” and “Shock/septic AND coinfection.” Last, refer-
ences of selected articles were reviewed for relevant publications.

This search yielded 1,206 studies; four were clinical trials
and/or randomized clinical trials; 33 were meta-analyses, re-
views, and/or systematic reviews; and 317 were from LMICs.

Evidence. In arecent review of the literature, 8% of patients
hospitalized with COVID-19 were reported to have bacterial or
fungal coinfections during hospital admission.'® However, the
prevalence of coinfection among COVID-19 patients among
those with shock is not precisely known. In a retrospective
study of 393 hospitalized patients in New York City, 32.6% of

whom required vasopressor support, bacteremia was re-
ported in 5.6% during the hospital course. In a subgroup of
130 patients who required mechanical ventilation in the same
study, nearly all had shock (95.4% needed vasopressor sup-
port), and bacteremia was observed in 11.9%.” Moreover,
there is some evidence to suggest that patients with sec-
ondary infection may have a higher mortality, as seen in a
Chinese study reporting 50% of non-survivors having had a
secondary infection.'?® Importantly, no studies to date have
reported on coinfection with parasites, including malaria, or
other common causes of febrile illness in LMICs, such as
dengue.

Availability, feasibility, affordability, and safety. Whether screening
for coinfections is worthwhile depends on the prevalence of coin-
fections which is likely to differ from region to region and also on the
availability of relevant screening tests in that region. Although
testing for more common pathogens such as malaria, tuberculosis,
and HIV has been broadly disseminated, many facilities in LMICs
lack consistent access to bacterial culture-processing facilities,
including consumable equipment, quality assurance, and trained
staff.2° Where available, manual culture is typically performed as
automated systems remain prohibitively costly to obtain and
maintain, which delays time to detection. Some have advocated for
assessing local common infection pattemns via population-based
surveillance cultures for multidrug-resistant pathogens to better
inform empiric antibiotic decision-making.2!

Recommendations and suggestions. In the setting of limited
evidence, we suggest that clinicians consider potential coin-
fections in COVID-19 patients presenting with shock, depending
on local epidemiology, availability of testing, and particularly when
there is a clinical concemn for coinfection and in cases where it
would alter management practices. In endemic regions, consid-
eration should be given to prevalent pathogens, including malaria,
tuberculosis, dengue, and leptospirosis. However, we suggest
against routine or indiscriminate testing for coinfections (weak
recommendation, low quality of evidence).

1c. Identifying the patient in shock: For COVID-19 pa-
tients with shock in LMICs, should bedside scoring sys-
tems for bacterial sepsis such as quick Sequential Organ
Failure Assessment (QSOFA) be used? Rationale. Assess-
ment of gSOFA scores may help with prognostication or triage
among hospitalized patients with acute infections.

Recommendations from other guidelines. Not applicable.

Search strategy and MeSH terms. Searches were performed
in PubMed using the following MeSH and free-text terms
through August 15, 2020: “Quick Sepsis-related Organ Failure
Assessment OR qSOFA AND Sepsis,” “Organ dysfunction
scores AND COVID-19,” and “Organ dysfunction scores AND
Developing Countries.”

This search yielded 366 studies; six were clinical trials and/
or randomized clinical trials; 10 were meta-analyses, reviews,
and/or systematic reviews; and 60 were from LMICs.

Evidence. Evidence evaluating the validity of the quick sepsis-
related organ failure assessment (QSOFA) or other bedside prognostic
scores in critical illness secondary to COVID-19 is limited. An obser-
vational study of 191 hospitalized patients with COVID-19 in Wuhan,
China, reported a median gSOFA score (interquartile range [IQR]) of
0 (0-1.0) among survivors compared with 1.0 (1.0-1.0) among non-
survivors.' The gSOFA score was associated with in-hospital mor-
tality with an odds ratio (95% Cl) of 12.0 (5.06-28.43, P < 0.0001).
Although the gSOFA score was not specifically examined in the
model (presumably because of collinearity with the SOFA score),
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the full SOFA score was independently associated with death in
a multivariable logistic regression model.'? However, other
studies have not confirmed the prognostic value of gSOFA
score among COVID-19 patients. In a study of 52 critically ill
patients in France, 87% of patients requiring mechanical venti-
lation had a qSOFA score of one or less, suggesting that gSOFA
may not appropriately identify patients at risk of poor outcomes
related to respiratory failure.?? Similarly, a study in Norway found
low gSOFA and confusion respiration blood pressure-65 (CRB-65)
scores (< 2) in a majority of critically ill patients with COVID-19.23

There are no studies evaluating the use of gSOFA for COVID-
19 patients specifically in LMICs. However, in one study, higher
gSOFA scores have been associated with mortality among
patients hospitalized with infection in LMICs across sub-
Saharan Africa, Asia, and the Americas.2* Of note, this study
found that a moderate gSOFA score of one was also associated
with increased risk of death compared with baseline. Moreover,
a study from Brazil demonstrated a mortality rate of 17.3%
among those with gSOFA scores of one or less, raising con-
cerns that the standard cutoff of > 2 may lack sufficient sensi-
tivity to predict mortality from an acute infection in LMICs.2®

There is currently insufficient evidence regarding the use of
qSOFA or other bedside prognostic scores for patients with
COVID-19 in LMICs. Higher gSOFA scores are likely associ-
ated with higher mortality; however, it is unclear whether a
qSOFA of > 2 is sufficiently sensitive for identifying such pa-
tients. Additional studies are needed to evaluate the utility of
bedside prognostic scores in COVID-19, particularly in LMICs.
Nevertheless, qSOFA may be used as an instrument for
identification of higher risk patients and assist in decisions
around allocation of scarce resources.

Availability, feasibility, affordability, and safety. Assessment
of gSOFA score is simple to obtain by bedside physical ex-
amination and does not require additional laboratory or in-
vasive tests.

Recommendations and suggestions. We suggest the use of
gSOFA as a simple bedside prognostic score for COVID-19
patients (weak recommendation, low quality of evidence).

1d. Identifying the patient in shock: For COVID-19 pa-
tients with shock in LMICs, should ultrasound be used for
the diagnosis of undifferentiated shock? Rationale. Point-
of-care ultrasound (POCUS) can potentially reveal the un-
derlying mechanism of arterial hypotension in patients with
undifferentiated shock. It is also more widely available than
X-ray or CT scans.

Recommendations from other guidelines. Not applicable.

Search strategy and MeSH terms. Searches were performed in
PubMed using the following MeSH and free-text terms through
August 15, 2020: “POCUS AND undifferentiated hypotension
OR shock,” “POCUS AND COVID-19,” “Shock/diagnostic im-
aging AND Developing countries,” and “Shock/diagnostic im-
aging AND ultrasonography.” Last, references of selected
articles were reviewed for relevant publications.

This search yielded 4,525 studies; 1,694 were clinical trials
and/or randomized clinical trials; 49 were meta-analyses, re-
views, and/or systematic reviews; and 402 were from LMICs.

Evidence. Point-of-care ultrasound may be a potentially
valuable tool in the evaluation of COVID-19 patients for po-
tential pulmonary manifestations, as well as cardiac compli-
cations.?® No studies to date have investigated the accuracy
of POCUS in evaluating etiologies of shock for patients with
COVID-19 specifically. Therefore, we extrapolate from the

literature on the use of POCUS in the workup of un-
differentiated shock.

Point-of-care ultrasound has been shown to improve di-
agnostic accuracy of nontraumatic undifferentiated hypo-
tension in the emergency department.?’ A study in India
using the rapid ultrasound for shock and hypotension protocol
showed that investigators were able to correctly diagnose
obstructive shock in 100% of cases, cardiogenic shock in
96.3%, hypovolemic shockin 94.4%, and distributive shock in
75% of cases.®! Moreover, one study demonstrated improved
survival associated with bedside echo-guided therapy in
critically ill ICU patients with shock.2 This finding has not been
replicated in the emergency department setting.>® Although
fewer studies have been conducted in LMICs, there is some
evidence that cardiopulmonary ultrasound improves di-
agnostic accuracy of critically ill patients, particularly in those
with cardiac etiologies.?* Therefore, given the potential for
complications of COVID-19, including cardiogenic shock and
pulmonary embolism, POCUS may improve the initial hemo-
dynamic assessment of patients in shock when performed by
trained operators.

Availability, feasibility, affordability, and safety. Bedside por-
table ultrasound is a very useful tool that is more available than
X-ray machines or CT scans in LMICs. A recent systematic
review examining the trends in the use of POCUS in LMICs
found the number of countries reporting use of ultrasound had
grown from 50 to 62, with 70% of the included studies origi-
nating from Southeast Asia or sub-Saharan Africa.3® In addition,
studies have demonstrated that POCUS skills can be effectively
taught to both physicians and nonphysician clinicians in
resource-limited settings.*®*” It remains to be seen if POCUS
has the ability to effectively improve patient outcomes, although
asingle-center study from Tanzania demonstrated that POCUS
resulted in earlier initiation of therapy, ranging widely from ini-
tiation of antibiotics to use of anticoagulants to surgical in-
tervention, due to more rapid and accurate diagnosis.*®

Recommendations and suggestions. We suggest using
POCUS for evaluating the etiology of shock in COVID-19 pa-
tients when performed by trained operators (weak recom-
mendation, low quality of evidence).

2a. Fluid therapy for treatment of shock: For COVID-19
patients with shock in LMICs, should the overall volume
resuscitation strategy be liberal or conservative? Rationale.
Fluid resuscitation with crystalloids or colloids is often the first-
line treatment for undifferentiated shock. However, both in-
adequate and excessive fluid resuscitation could be harmful in
these patients. Currently, there is uncertainty in the literature
regarding the optimal fluid resuscitation strategy.

Recommendations from other guidelines. Surviving sepsis
COVID-19 guidelines: For the acute resuscitation of adults
with COVID-19 and shock, we suggest using a conservative
over a liberal fluid strategy (weak suggestion).

WHO COVID-19 guidelines: In resuscitation for septic
shock in adults, give 250-500 mL crystalloid fluid as rapid
bolus in first 15-30 minutes. Clinical trials conducted in
resource-limited settings comparing aggressive versus con-
servative fluid regimens suggest higher mortality in patients
treated with aggressive fluid regimens.

Search strategy and MeSH terms. Searches were per-
formed in Medline and Embase using a combination of fol-
lowing MeSH and free-text terms through August 15, 2020:
“COVID-19 OR coronavirus OR Sars-CoV-2 AND fluids OR
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crystalloids,” “COVID-19 OR coronavirus OR Sars-CoV-2
AND fluids OR crystalloids AND volume,” and “Septic shock
AND fluids AND low income.” Last, references of selected
articles were reviewed for relevant publications.

This search yielded 747 studies; six were clinical trials and/
or randomized clinical trials; 17 were meta-analyses, reviews,
and/or systematic reviews; and 136 were from LMICs.

Evidence. There is currently no data regarding the optimal
amount of fluid resuscitation specifically for SARS-CoV-2-
infected patients in shock. Therefore, the evidence-based
fluid resuscitation from the more general group of patients in
shock, acute respiratory distress syndrome (ARDS), and other
related conditions needs to be extrapolated for the COVID-19
patient population. Fluid resuscitation is often the first-line
treatment for undifferentiated shock, but there is considerable
uncertainty regarding optimal fluid resuscitation strategy.

Patient information from the PROCESS and ARISE trials
demonstrated that individuals with suspected sepsis received
approximately 30 mlL/kg of intravenous fluids before ran-
domization into the two trials.3%° However, a systematic re-
view examining the association between fluid balance and
mortality in critically ill individuals found that non-survivors
had a 4.4-L more positive cumulative fluid balance than sur-
vivors, and the mortality was lower in those who received a
restrictive volume strategy as opposed to a liberal strategy
(OR: 0.42; 95% Cl: 0.32-0.55).*" Similarly, a meta-analysis
of 11 randomized controlled trials comparing conservative
versus liberal fluid strategies in critically ill individuals in the
post-resuscitation phase of sepsis and ARDS found that
the conservative fluid group had a significant increase in
ventilator-free days (1.82 days; 95% CI: 0.53-3.10 days) but
no significant difference in mortality (OR: 0.92; 95% ClI:
0.82-1.02). There was also a significant decrease in length of
ICU stay in the conservative fluid group, but there was sub-
stantial heterogeneity in this finding (-1.88 days; 95% CI:
-0.12 to -3.64 days, I = 75%).*? Accordingly, the 2020 sur-
viving sepsis guidelines for COVID-19 suggest using a con-
servative rather than a liberal fluid resuscitation strategy in
patients with sepsis or septic shock.’

Within the LMIC context, a randomized controlled trial in-
vestigated the role of crystalloid or colloid boluses versus no
bolus in severely infected 3,141 pediatric patients in East
Africa. There was a significant increase in mortality in those
who received crystalloid or colloid boluses, as opposed to the
no-bolus group (RR: 1.45; 95% Cl: 1.13-1.86).%% Similarly, a
randomized controlled trial compared a protocolized re-
suscitation strategy versus usual care among 209 adult pa-
tients in septic shock in Zambia. The protocolized strategy
resulted in greater fluid administration than the usual care
group (3.5 L versus 2.0 L by 6 hours, P < 0.001) and more
frequent use of dopamine (14% versus 2% by 6 hours, P =
0.001). However, there was significantly higher mortality in the
protocolized group than in the control group (48.1% versus
33.0%, risk difference: 15.1%, 95% Cl: 2.0-28.3).** Expert
consensus recommends a fluid resuscitation goal in LMICs to
be 30 cc/kg over the first three hours with close attention to
respiratory status and particular caution where ventilatory
support is limited or unavailable.®

Availability, feasibility, affordability, and safety. The cost of
normal saline is approximately $1 US dollar (USD) per liter, which
is relatively low cost when compared with other medications and
infusions administered in critical care settings.*® The availability

of IV fluids is highly variable in LMICs, and supply chains may
easily be disrupted such that large quantities of solution may not
consistently reach more distant district facilities. Furthermore,
complex administration methods such as pumps and burettes
for managing administration rates and volumes are less readily
available, and their absence may lead to excessive fluid ad-
ministration. The volume of resuscitation used in shock trials
performed in LMICs was considerably less than 30 cc/kg, sug-
gesting possible under-resuscitation, limited availability of in-
travenous fluids, or perhaps a tendency by clinicians in LMICs
toward conservative fluid management at baseline.

Recommendations and suggestions. We recommend us-
ing a conservative fluid management strategy as opposedto a
liberal fluid strategy for COVID-19 patients with shock in
LMICs (strong recommendation, high quality of evidence).
There is no evidence specifying a particular volume that is
defined as optimally conservative, so the overall recommen-
dation is for targeted resuscitation where available, discon-
tinuation of further fluids when no further response is noted,
and avoidance of volume overload.

2b. Fluid therapy for treatment of shock: For COVID-19
patients with shock in LMICs, what considerations should
be given, if any, to the use of balanced or unbalanced
crystalloids? Rationale. Some studies have demonstrated
that balanced crystalloids, such as Ringer’s lactate, may be
superior to unbalanced crystalloids, such as normal saline, for
fluid resuscitation.

Recommendations from other guidelines. NIH COVID-19
treatment guidelines: For the acute resuscitation of adults with
COVID-19 and shock, the panel recommends using buffered/
balanced crystalloids over unbalanced crystalloids (BlI).

Surviving sepsis COVID-19 guidelines: For the acute re-
suscitation of adults with COVID-19 and shock, we suggest
using buffered/balanced crystalloids over unbalanced crys-
talloids (weak suggestion).

Search strategy and MeSH terms. Searches were per-
formed in Medline and Embase using a combination of fol-
lowing MeSH and free-text terms through August 15, 2020:
“COVID-19 OR coronavirus OR Sars-CoV-2 AND fluids OR
crystalloids AND balanced AND saline” and “Septic shock
AND fluids AND low income AND crystalloid AND balanced.”

This search yielded 737 studies; six were clinical trials and/
or randomized clinical trials; 16 were meta-analyses, reviews,
and/or systematic reviews; and 131 were from LMICs.

Evidence. The optimal choice of fluid therapy in shock has
been investigated in multiple recent studies, although none
pertaining specifically to critically ill patients with COVID-19
thus far. A 2014 network meta-analysis found no randomized
controlled trials directly comparing balanced with unbalanced
crystalloids for fluid resuscitation in septic patients.*® In 2018,
a large randomized controlled trial compared balanced crys-
talloid fluids (lactated Ringer’s solution or Plasma-Lyte-A) with
normal saline in 15,802 critically ill patients. The balanced fluid
group had a lower 30-day risk of adverse kidney events, de-
fined as composite outcome of death from any cause, new
renal replacement therapy, or persistent renal dysfunction
(OR: 0.91; 95% Cl: 0.84-0.99).*” However, the number
needed to treat for this composite finding was 94, with a 95%
Cl ranging from 46 to 2,279, and the associated fragility index
was zero, highlighting the extremely tenuous nature of this
finding.*®*° Furthermore, a randomized controlled trial com-
paring lactated Ringer’s with normal saline for resuscitation of
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pediatric patients with gastroenteritis demonstrated similar
clinical outcomes but substantially lower costs with normal
saline.?® Notably, these studies do include representation
from LMICs (Tunisia, Algeria, and India).

Availability, feasibility, affordability, and safety. In general,
normal saline is more widely available and slightly less ex-
pensive than balanced solutions. For example, according to
the International Medical Products Price Guide, the cost of
normal saline is approximately $1 USD per liter as opposed to
Ringer’s lactate which costs $1.1 USD per liter on average.>’

Recommendations and suggestions. We suggest using
balanced fluids where availability and cost permit; if un-
tenable, we suggest the use of normal saline for routine re-
suscitation, given its wide availability in LMICs (weak
recommendation, moderate quality of evidence).

2c. Fluid therapy for treatment of shock: For COVID-19
patients with shock in LMICs, should crystalloids, colloids,
or a combination be given? Rationale. Colloids are signifi-
cantly more expensive than crystalloid fluids and generally
less available in LMICs. Therefore, it is important to know
whether colloids have a specific advantage over crystalloid
fluids for resuscitation of COVID-19 patients with shock.

Recommendations from other guidelines. Surviving sepsis
COVID-19 guidelines: For the acute resuscitation of adults
with COVID-19 and shock, we recommend using crystalloids
over colloids (weak recommendation). For the acute re-
suscitation of adults with COVID-19 and shock, we suggest
against the routine use of albumin for initial resuscitation (weak
suggestion). For the acute resuscitation of adults with COVID-
19 and shock, we recommend against using hydroxyethyl
starches (strong recommendation).

NIH COVID-19 treatment guidelines: For the acute re-
suscitation of adults with COVID-19 and shock, the panel
recommends against the initial use of albumin for re-
suscitation (Bl). The panel recommends against using
hydroxyethyl starches for intravascular volume replacement in
patients with sepsis or septic shock (Al).

WHO COVID-19 guidelines: Do not use hypotonic crystal-
loids, starches, or gelatins for resuscitation.

Search strategy and MeSH terms. Searches were per-
formed in Medline and Embase using a combination of fol-
lowing MeSH and free-text terms through August 15, 2020:
“COVID-19 OR coronavirus OR Sars-CoV-2 AND fluids AND
colloids AND starches AND gelatins AND albumin” and
“Septic shock AND fluids AND low income AND colloids.”

This search yielded 354 studies; 27 were clinical trials and/
or randomized clinical trials; 18 were meta-analyses, reviews,
and/or systematic reviews; and 41 were from LMICs.

Evidence. Consistent with observations in other critically ill
patients, COVID-19 patients with hypoalbuminemia have
worse outcomes than those with higher serum albumin levels.
For example, in a recent meta-analysis of COVID-19 patients
with signs of liver injury, lower serum levels of albumin were
associated with a significantly higher disease severity.>?
Similarly, an analysis of 78 patients in China found that albu-
min was significantly lower in the population who progressed
to more clinically severe disease requiring ventilatory sup-
port.5® However, current evidence does not suggest that pa-
tients in shock who are hypoalbuminemic benefit from
albumin replacement. The ALBIOS trial, which randomized
1,795 patients with severe sepsis to crystalloid fluids versus
albumin with a target albumin level > 30 g/L, demonstrated no

difference in the primary outcome of 28-day all-cause mor-
tality.>* A Cochrane review comparing crystalloids with vari-
ous colloids (including albumin, starches, and gelatins) for
resuscitation of critically ill patients found no significant dif-
ferences in all-cause mortality between crystalloids and
starches (RR: 0.97, 95% CI: 0.86-1.09), dextrans (RR: 0.99,
95% CI: 0.88-1.11), gelatins (RR: 0.89, 95% CI: 0.74-1.08),
and albumin (RR: 0.98, 95% CI: 0.92-1.06). The risk of de-
veloping renal failure requiring renal replacement therapy was
significantly higher with starches than with crystalloids (RR:
1.30, 95% Cl: 1.14-1.48).%°

Availability, feasibility, affordability, and safety. Within the
LMIC context, cost, availability, and feasibility must always be
kept at the forefront of clinical decision-making. A single-
center Indonesian study examined the cost effectiveness of
crystalloids and a crystalloid—colloid combination for re-
suscitation of individuals with dengue fever. Patients who re-
ceived a crystalloid—colloid combination had a 9% higher
mean cost of hospitalization.?® The cost of 5% human albumin
is $0.33-$0.78 USD/mL, which is substantially more expen-
sive than its crystalloid alternatives.3” Further concerns in
LMIC settings would be the capability and availability of
transfusion laboratories or blood banks to track and maintain a
constant safe supply of human albumin.

Recommendations and suggestions. We recommend us-
ing crystalloid fluids over colloids for the routine resuscitation
of COVID-19 shock in resource-limited settings (strong rec-
ommendation, moderate quality of evidence).

We recommend against the use of human albumin for
initial resuscitation of COVID-19 shock (strong recommen-
dation, moderate quality of evidence).

We recommend against the use of hydroxyethyl starches
for routine resuscitation of COVID-19 shock (strong recom-
mendation, high quality of evidence).

3a. Vasoactive medications for treatment of shock: For
COVID-19 patients with shock in LMICs, which vasoactive
medications, if available, are recommended? Rationale.
Various catecholamine and non-catecholamine vasoactive
medications exist, but they may differ in terms of effective-
ness, availability, cost, and side effect profile for patients in
shock.

Recommendations from other guidelines. NIH COVID-19
treatment guidelines: The Panel recommends norepinephrine
as the first-choice vasopressor (All). The panel recommends
adding either vasopressin (up to 0.03 U/minute) (BIl) or epi-
nephrine (CIl) to norepinephrine to raise MAP to target or
adding vasopressin (up to 0.03 U/minute) (CIl) to decrease
norepinephrine dosage. When norepinephrine is available, the
panel recommends against using dopamine for patients with
COVID-19 and shock (Al).

Surviving sepsis COVID-19 guidelines: For adults with
COVID-19 and shock, we suggest using norepinephrine as the
first-line vasoactive agent, over other agents (weak sugges-
tion). For adults with COVID-19 and shock, we recommend
against using dopamine if norepinephrine is available (strong
recommendation).

WHO COVID-19 guidelines: Norepinephrine is consid-
ered the first-line treatment in adult patients; epinephrine or
vasopressin can be added to achieve the MAP target. Be-
cause of the risk of tachyarrhythmia, reserve dopamine for
selected patients with low risk of tachyarrhythmia or those
with bradycardia.
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Search strategy and MeSH terms. Searches were per-
formed in Medline, Embase, and Web of Science using a
combination of the following MeSH and free-text terms
through August 15, 2020: “COVID-19 OR coronavirus OR
Sars-CoV-2 AND shock AND vasopressors,” “COVID-19 OR
coronavirus OR Sars-CoV-2 AND norepinephrine OR dopa-
mine OR vasopressin OR epinephrine,” and “Septic shock
AND vasopressors” “Septic shock AND low-income.”

This search yielded 3,007 studies; 268 were clinical trials
and/or randomized clinical trials; 73 were meta-analyses, re-
views, and/or systematic reviews; and 187 were from LMICs.

Evidence. The proportion of critically ill patients with COVID-
19 requiring vasopressor support remains incompletely char-
acterized. In a case series of COVID-19 patients in Wuhan,
China, shock was observed in 9% and 31% of 138 hospitalized
and 36 ICU patients, respectively.?® In a retrospective case
series at two New York City hospitals, vasopressors were used
in 32% of all patients with COVID-19 and 95% of the 130 pa-
tients on mechanical ventilation.” In two additional case series
of 21 and 24 adult COVID-19 patients admitted to ICUs in the
United States, vasopressors were initiated in 67% and 71% of
patients, respectively.>%€°

There is little evidence to guide optimal vasopressor se-
lection in patients with COVID-19. To generate these recom-
mendations, evidence was extracted from studies in HICs and
in critically ill patients with non—-SARS-CoV-2—related shock in
LMICs.

In multiple systematic reviews of vasopressors for shock,
norepinephrine has been associated with a possible reduction
in adverse events but no difference in mortality compared with
other vasopressors.®'%% However, where availability of nor-
epinephrine is limited, alternate vasopressors may be chosen
with no adverse effects on mortality. In a systematic review of
vasopressor use in shock, norepinephrine did not result in a
significant mortality improvement compared with vasopressin
(RR: 1.07; 95% CI: 0.91-1.26) or epinephrine (RR: 0.96; 95%
Cl: 0.77-1.21).% In addition, there was no difference in mor-
tality between norepinephrine and phenylephrine (RR: 0.92;
95% ClI: 0.64-1.32), although a separate meta-analysis in-
dicated imprecise estimates on mortality when phenylephrine
was compared with other vasopressors.®® However, an ob-
servational study during the 2011 norepinephrine shortage in
the United States found phenylephrine to have been the most
commonly used substitute, and alternative vasopressor use
other than norepinephrine was associated with a higher risk of
death (OR: 1.15,95% Cl: 1.01-1.30, P = 0.03).%* The Surviving
Sepsis guidelines have suggested limiting the use of phenyl-
ephrine until further research is conducted.®®

Regarding the use of dopamine, two systematic reviews
compared dopamine with norepinephrine in the manage-
ment of septic shock. In a systematic review of 11 random-
ized controlled trials (n = 1,710) comparing norepinephrine
with dopamine, norepinephrine use was associated with a
lower mortality (RR: 0.89;95% Cl: 0.81-0.98) and a lower risk
of arrhythmia (RR: 0.48; 95% Cl: 0.40-0.58).%" However, a
Cochrane systemic review of six randomized trials (n =
1,400) found no significant difference in all-cause mortality
between norepinephrine and dopamine, but did confirm a
higher risk of arrhythmia with dopamine use (RR: 2.34, 95%
Cl: 1.46-3.78).52

Availability, feasibility, affordability, and safety. In LMICs,
norepinephrine use may be limited by its higher costs and

inconsistent availability. Norepinephrine has an average cost
of $5.98 USD per mL compared with $0.70 USD per mL for
dopamine.®®®” In a survey of 839 physicians across 82
countries, 97% of the respondents chose norepinephrine for
first-line vasopressor support, but more respondents from
LMICs preferred a vasopressor other than norepinephrine
compared with respondents from HICs (6% from LMIC versus
1.5% from HIC, P < 0.001).%8 Although not explicitly men-
tioned, it is possible that differences in cost accounted for this
discrepancy. Nevertheless, the aforementioned data suggest
that 94% of the physicians from LMICs in this survey chose
norepinephrine as the first-line agent. However, they were
members of the European Society of Intensive Care Medicine
and may not be representative of most clinicians who care for
shock in resource-limited settings.

In light of its affordability and widespread availability across
LMICs, dopamine represents the most practical option for the
management of fluid-resistant shock related to SARS-CoV-2
infection. However, when using dopamine, the clinician must
weigh its benefit of hemodynamic support against the risk of
tachyarrhythmia.

It is also important to recognize that vasopressors of any
type may not be available in very resource-limited settings. If it
is feasible and within the local practice standard to do so,
selected patients in shock who are refractory to fluids should
be considered for transfer to another facility that can provide
higher level of care.

Recommendations and suggestions. Where available and
not prohibited by cost, we recommend using norepinephrine,
given its safety profile (strong recommendation, moderate
quality of evidence).

However, where norepinephrine access is limited by cost
and availability, we suggest using alternate vasopressors
such as dopamine or epinephrine (strong recommendation,
very low quality of evidence).

3b. Vasoactive medications for treatment of shock:
Should central venous catheters (CVCs) be used for in-
fusion of vasoactive medications when treating COVID-19
patients with shock in LMICs? Rationale. Vasopressors are
typically administered via a CVC for safety considerations in
HICs. However, in the LMIC context, central catheters may not
be available and increases the cost of care significantly. It may
also increase the risk of nosocomial infections. Thus, it is im-
portant to consider whether vasopressors may be given pe-
ripherally rather than centrally.

Recommendations from other guidelines. WHO COVID-19
guidelines: Vasopressors (i.e., norepinephrine, epinephrine,
vasopressin, and dopamine) are most safely given through a
CVC at a strictly controlled rate, but it is also possible to safely
administer them via peripheral vein and intraosseous needle.

Search strategy and MeSH terms. Searches were per-
formed in PubMed using a combination of the following MeSH
and free-text terms through August 15, 2020: “CVC AND re-
source limited setting,” “peripheral venous catheter AND va-
sopressor infusion,” “vasopressor infusion AND resource
limited setting,” and “CVC AND infection risk AND resource
limited setting.”

This search yielded 77 studies; nine were clinical trials and/
orrandomized clinical trials; five were meta-analyses, reviews,
and/or systematic reviews; and 18 were from LMICs.

Evidence. Although this question has not been addressed
specifically in COVID-19 patients or for patients in LMICs,
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extrapolation from other studies can be made. It has been long
thought that CVCs were required for infusion of vasopressors
in patients with shock due to potential safety concerns of
subcutaneous infiltration, skin necrosis, and digital ischemia
when infused peripherally.

Several studies have examined the safety of peripheral venous
infusion of vasopressors. In a prospective observational study of
55 patients receiving vasopressors through a peripheral catheter
at a tertiary referral emergency department in Lebanon, only
three developed complications (one thrombophlebitis, one ex-
travasation causing skin pallor, and one extravasation causing
non-blanching skin erythema), and all were managed conser-
vatively.®® Norepinephrine was the most common vasopressor
used. Similarly, a single-center study that retrospectively evalu-
ated 202 ICU patients found that extravasation of peripherally
infused vasopressors occurred in only eight patients (3.9%), and
all were managed conservatively. The median time to the ex-
travasation event was 21 hours (IQR: 12-30).”° The most com-
mon location of the peripheral catheter was the forearm followed
by the antecubital fossa. Last, a systematic review of 1,382 pa-
tients receiving peripheral infusions of vasopressors in seven
studies found extravasation in 3.4% of patients (95% CI:
2.5-4.7%) and no episodes of tissue necrosis or limb ischemia.
All extravasation events were managed conservatively or with
vasodilatory medications. Among these patients, norepineph-
rine was the most commonly infused vasopressor, and the
median time of infusion was 22 hours.”"

Availability, feasibility, affordability, and safety. In the LMIC
context, central catheters may not be available, would in-
crease the cost of care significantly, and may increase the risk
of nosocomial infections among other complications.”>"#

Recommendations and suggestions. We suggest central
infusion of vasopressors in the LMIC context, where available,
but recommend short-term peripheral infusion in their ab-
sence, with careful monitoring for local complications (strong
recommendation, low quality of evidence).

3c. Vasoactive medications for treatment of shock:
Should arterial lines be used to monitor COVID-19 patients
on vasoactive medications in LMICs? Rationale. Patients
requiring active titration of vasopressors are typically monitored
invasively via an arterial catheter in HICs. However, in the LMIC
context, arterial catheters may not be available, and their use
would increase the cost of care significantly. Thus, it is impor-
tant to consider whether arterial catheters are necessary.

Recommendations from other guidelines. NIH COVID-19
treatment guidelines: The panel recommends that all patients
who require vasopressors have an arterial catheter placed as
soon as practical, if resources are available (Blll).

Surviving sepsis 2016 guidelines: We suggest that all pa-
tients requiring vasopressors have an arterial catheter placed
as soon as practical if resources are available (weak recom-
mendation, very low quality of evidence).

Search strategy and MeSH terms. Searches were per-
formed in PubMed using a combination of the following MeSH
and free-text terms through August 15, 2020: “Invasive versus
noninvasive MAP,” “arterial catheter AND resource limited
settings,” “arterial catheter AND infection risks.”

This search yielded 1,004 studies; 98 were clinical trials and/
or randomized clinical trials; 31 were meta-analyses, reviews,
and/or systematic reviews; and 79 were from LMICs.

Evidence. There are currently no large, randomized con-
trolled trials comparing invasive and noninvasive means of

arterial blood pressure management and vasopressor titra-
tion. The Surviving Sepsis guidelines from 2016 suggest that
all patients requiring vasoactive agents have an arterial cath-
eter placed as soon as safely possible because of improved
accuracy of measurement for vasopressor titration.®® As with
CVCs, this recommendation becomes difficult in resource-
limited settings. Regarding accuracy of invasive versus non-
invasive blood pressure measurements, better correlation has
been shown between invasive measurements obtained via
arterial catheter and upper arm blood pressure cuff mea-
surements when comparing MAP.”%76

Availability, feasibility, affordability, and safety. Patients re-
quiring active titration of vasopressors are often monitored
invasively via an arterial catheter in HICs. However, in the
LMIC context, arterial catheters are frequently unavailable,
contribute to morbidity and mortality, and could increase the
cost of care significantly.””"® Lack of catheters, transducers,
monitors with the capabilities of reading continuous arterial
waveforms, operator comfort, and nurses trained in main-
taining the catheters are all barriers to the implementation of
this invasive device. In addition, arterial catheters are no less
prone to infection than CVCs.””:"® Other risks associated
with arterial catheter insertion, resulting in increased mor-
bidity and cost, are bleeding, hematoma, ischemia, and ar-
terial dissection.”® A survey of 263 clinicians working in
Africa reported only 23.1% stating that they always had ac-
cess to means for invasive blood pressure monitoring.”?
Noninvasive measurement of SBP and MAP is readily avail-
able via either automated or manual methods at the bedside.

Recommendations and suggestions. We recommend
noninvasive monitoring of blood pressure for patients re-
quiring vasopressors at a stable dose (strong recommenda-
tion, very low quality evidence).

We suggest invasive monitoring by arterial catheter, if
available, for patients requiring active titration of vasopres-
sors, or transfer to a facility capable of invasive monitoring, if
feasible (weak recommendation, very low quality evidence).

3d. Vasoactive medications for treatment of shock:
Should low-dose corticosteroids be given in COVID-19
patients with refractory shock requiring vasopressor
support in LMICs? Rationale. The use of corticosteroids in
context of septic shock varies as their effect on mortality is
debated. However, the studies consistently demonstrate a re-
duction in the duration of shock. Corticosteroids are, therefore,
an important consideration for COVID-19 patients with re-
fractory shock.

Recommendations from other guidelines. NIH COVID-19
treatment guidelines: The COVID-19 Treatment Guidelines
Panel (the panel) recommends using low-dose corticosteroid
therapy (“shock-reversal”) over no corticosteroid (Bll) for
adults with COVID-19 and refractory shock.

Surviving sepsis COVID-19 guidelines: For adults with
COVID-19 and refractory shock, we suggest using low-dose
corticosteroid therapy (“shock-reversal”), over no corticoste-
roid (weak suggestion).

Search strategy and MeSH terms. Electronic searches were
carried out in PubMed using the following MeSH terms:
(Shock OR Septic Shock AND Steroids) OR (Glucocorticoids
AND COVID-19 drug treatment) AND (Shock OR Septic Shock
AND Steroids OR Glucocorticoids) AND (Shock AND drug
therapy) OR (Shock AND Septic shock AND drug therapy AND
Poverty).
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PubMed search of these terms as of August 4, 2020 yielded
979 studies; 87 were clinical trials and/or randomized clinical
trials; 25 were meta-analyses, reviews, and/or systematic re-
views; and 280 were from LMICs.

Evidence. In this section, we specifically focus on the role of
corticosteroids in patients with refractory septic shock who
require vasopressors. We will not consider the role of corti-
costeroids for treatment of respiratory failure, ARDS, and
pneumonia aspects of COVID-19, which has been evaluated
in various studies to date.?”:79-82

In HIC settings, a 2019 systematic review of 37 randomized
controlled trials (RCTs) (n = 9,564) comparing corticosteroid
therapy versus placebo or no therapy in patients with septic
shock demonstrated a reduction in the primary outcome of 28-
day mortality (RR: 0.90; 95% ClI: 0.82-0.98).8% Corticosteroid
treatment was associated with a faster time to shock reversal
(mean difference —1.35 days, 95% CI: —1.78 to —-0.91), a de-
crease in ICU length of stay (mean difference —1.16 days, 95%
Cl: =2.12 to -0.20), and an increase in vasopressor-free days
(mean difference 1.95 days, 95% CI: 0.80-3.11). There was no
difference in the risk of gastrointestinal bleeding, superinfection,
orany other severe adverse outcome between groups, although
there was an increased risk of biochemical derangements such
as hyperglycemia and hypernatremia. A Cochrane systematic
review of 61 RCTs comparing corticosteroids versus placebo or
usual carein 12,192 children and adults with sepsis also found a
reduced risk of 28-day mortality (RR: 0.91, 95% CI: 0.84-0.99)
and large reductions in ICU and hospital lengths of stay.8* Al-
though none of these trials were specifically performed among
COVID-19 patients, we believe it is reasonable to extend these
findings to COVID-19 patients. Also, although no studies have
specifically studied hydrocortisone or other steroids in COVID-
19, it is reasonable to believe that if a patient is getting hydro-
cortisone or other equivalent steroid for refractory shock, then
adding dexamethasone to the regimen is not needed.

We found no RCTs in LMICs. A 2011 prospective cohort
study (n = 1,285) evaluating the compliance of ICUs in 16 Asian
countries with an early iteration of the Surviving Sepsis
Campaign’s resuscitation and management bundles in-
dicated that corticosteroids were administered more fre-
quently in non-survivors but were not associated with a
mortality difference in a multivariable analysis.®®

Availability, feasibility, affordability, and safety. Corticoste-
roids are widely available. For treatment of refractory shock,
the median cost of injectable hydrocortisone is relatively in-
expensive (USD $0.47 per vial) compared with other intensive
care therapies.®® Corticosteroids used in the context of septic
shock are not associated with a significant risk of serious
adverse outcomes.®®

Recommendation for LMICs. We recommend the use of
low-dose corticosteroids in patients with refractory shock
requiring vasopressor support (strong recommendation,
moderate quality of evidence).

4. Targets of resuscitation for shock: For COVID-19
patients with shock in LMICs, what should be the static
and dynamic targets of resuscitation? Rationale. Practice
patterns vary widely when assessing the adequacy of re-
suscitation for patients in shock. These include simple phys-
ical examination findings such as vital signs, skin temperature,
capillary refill, and urine output; laboratory measures such as
lactate and central venous oxygen saturation; invasive mea-
sures such as central venous pressure (CVP) or pulmonary

capillary wedge pressure; arterial pulse pressure or stroke
volume variation for mechanically ventilated patients; or
POCUS assessment of variability in inferior vena cava (IVC)
diameter or stroke volume. Some of these assessments are
simple, inexpensive, and widely available, whereas others
require special skills or equipment that is less available or more
costly.

Recommendations from other guidelines. NIH COVID-19
treatment guidelines: For adults with COVID-19 and shock,
the COVID-19 Treatment Guidelines Panel (the panel) rec-
ommends using dynamic parameters, skin temperature,
capillary refilling time, and/or lactate over static parameters to
assess fluid responsiveness (Bll).

Surviving sepsis COVID-19 guidelines: In adults with
COVID-19 and shock, we suggest using dynamic parameters,
skin temperature, capillary refilling time, and/or serum lactate
measurement over static parameters to assess fluid re-
sponsiveness (weak recommendation).

WHO COQOVID-19 guidelines: Determine the need for addi-
tional fluid boluses (250-500 mL in adults; 10-20 mL/kg in
children) based on clinical response and improvement of
perfusion targets, and reassess for signs of fluid overload after
each bolus. Perfusion targets include MAP (> 65 mmHg or
age-appropriate targets in children), urine output (> 0.5 mL/kg/
hour in adults; one mL/kg/hour in children), and improvement
of skin mottling and extremity perfusion, capillary refill, heart
rate, level of consciousness, and lactate. Consider dynamic
indices of volume responsiveness to guide volume adminis-
tration beyond initial resuscitation based on local resources
and experience. These indices include passive leg raises
(PLRs), fluid challenges with serial stroke volume measure-
ments, or variations in systolic pressure, pulse pressure, IVC
size, or stroke volume in response to changes in intrathoracic
pressure during mechanical ventilation.

Search strategy and MeSH terms. Searches were per-
formed in PubMed using a combination of the following MeSH
and free-text terms through August 15, 2020: “Sepsis AND
resource limited setting,” “resuscitation endpoints AND re-
source limited setting,” “point of care ultrasound AND fluid
responsiveness,” “POCUS AND resource limited settings.”

This search yielded 427 studies; 24 were clinical trials and/
or randomized clinical trials; 16 were meta-analyses, reviews,
and/or systematic reviews; and 227 were from LMICs.

Evidence. Following initial fluid resuscitation, the 2016
surviving sepsis guidelines recommend that additional fluids
be guided by frequent reassessment of hemodynamic param-
eters such as heart rate, arterial blood pressure, respiratory rate,
urine output, and others as available.®® Previously, based on a
small single-center randomized controlled trial, the so-called
early goal-directed therapy was widely recommended, where
fluid resuscitation and vasopressor titration is guided by
specific targets such as MAP > 65 mmHg, urine output > 0.5
mL/kg/hour, central venous oxygen (SVO,) saturation > 70%,
and CVP > 8-12 mmHg.%” Subsequently, however, larger,
well-designed, multicenter trials were unable to replicate the
benefits observed in the single-center trial.>-%8 Adherence to
protocolized resuscitation and insertion of a CVC for moni-
toring of CVP or SVO, was not associated with an improve-
ment in mortality or in days free from renal, cardiovascular, or
respiratory support.®® Furthermore, a meta-analysis of 43
studies found that CVP was unable to accurately predict fluid
responsiveness, and the authors recommend that it no longer
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TaBLE 1
Recommendations and suggestions for management of COVID-19 patients with shock in low-middle-income countries (with grading)

1. Identifying the COVID-19 patient with shock in LMICs

a. For COVID-19 patients in LMICs, We suggest defining shock as a life-threatening circulatory failure that results in
what are the causes of shock and inadequate tissue perfusion and cellular dysoxia/hypoxia (ungraded statement).
how should they be defined? We suggest that recognition of shock can be operationalized clinically by observing

diaphoresis, oliguria, and impaired mental status, impaired peripheral perfusion (via
assessment of prolonged capillary refill, skin mottling, and skin temperature gradient),
or requirement for vasopressor support to maintain systolic blood pressure > 90
mmHg despite absence of hypovolemia (weak recommendation, low quality of
evidence).

We suggest a thorough evaluation for other potential causes of shock, particularly those that
would change management, including cardiogenic shock, pulmonary embolism, and
adverse hemodynamic effects of either sedative medications or positive pressure ventilation
(weak recommendation, low quality of evidence).

b. Should we screen for coexisting We suggest that clinicians consider potential coinfections in COVID-19 patients
bacterial, viral, or parasitic infection? presenting with shock, depending on local epidemiology, availability of testing, and
particularly when there is a clinical concern for coinfection. However, we suggest
against routine or indiscriminate testing for coinfections (weak recommendation, low
quality of evidence).

c. For COVID-19 patients with shock in We suggest the use of gSOFA as a simple bedside prognostic scores for COVID-19
LMICs, should bedside scoring patients (weak recommendation, low quality of evidence).
systems for bacterial sepsis such as
qSOFA be used?

d. For COVID-19 patients with shock in We suggest using POCUS for evaluating the etiology of shock in COVID-19 patients
LMICs, should ultrasound be used when performed by trained operators (weak recommendation, low quality of
for the diagnosis of undifferentiated evidence).
shock?

2. Fluid therapy for treatment of COVID-19 patients with shock in LMICs

a. For COVID-19 patients with shock in We recommend using a conservative fluid management strategy as opposed to a
LMICs, should the overall volume liberal fluid strategy for COVID-19 patients with shock in LMICs (strong
resuscitation strategy be liberal or recommendation, high quality of evidence).
conservative?

b. Should balanced or unbalanced We suggest using balanced fluids where availability and cost permit; if untenable, we
crystalloid fluid be used? suggest the use of normal saline for routine resuscitation, given its wide availability in

LMICs (weak recommendation, moderate quality of evidence).

c. Should crystalloids, colloids, or a We recommend using crystalloid fluids over colloids for the routine resuscitation

combination be given? (strong recommendation, moderate quality of evidence).

We recommend against the use of human albumin for standard resuscitation (strong
recommendation, moderate quality of evidence).

3. Vasoactive medications for treatment of COVID-19 patients with shock in LMICs

a. For COVID-19 patients with shock in Where available and not prohibited by cost, we recommend using norepinephrine,
LMICs, which vasoactive given its safety profile (strong recommendation, moderate quality of evidence).
medications, if available, are However, where norepinephrine access is limited by cost and availability, we suggest
recommended? using alternate vasopressors such as dopamine or epinephrine (strong

recommendation, very low quality of evidence).

b. Should central venous catheters be We suggest central infusion of vasopressors in the LMIC context, where available, but
used for infusion of vasoactive recommend short-term peripheral infusion in their absence, with careful monitoring
drugs? for local complications (strong recommendation, low quality of evidence).

c. Should arterial lines be used to We recommend noninvasive monitoring of blood pressure for patients requiring
monitor patients on vasoactive vasopressors at a stable dose (strong recommendation, very low quality evidence).
drugs? We suggest invasive monitoring by arterial catheter, if available, for patients requiring active

titration of vasopressors, or transfer to a facility capable of invasive monitoring, if feasible (weak
recommendation, very low quality evidence).

d. Should low-dose corticosteroids be We recommend using low-dose corticosteroids in patients with refractory shock requiring
administered? vasopressor support (strong recommendation, moderate quality of evidence).

4. Targets of resuscitation for COVID-19 patients with shock in LMICs

a. For COVID-19 patients with shock in We recommend the use of simple bedside parameters, such as capillary refill time and
LMICs, what should be the static and vital signs, rather than more invasive or costly parameters, such as lactate
dynamic targets of resuscitation? measurements, central venous pressure, or central venous saturation, for assessing

the adequacy of resuscitation (strong recommendation, moderate-quality evidence).
We suggest that POCUS be used to assess the need for further fluid resuscitation, if
available (weak recommendation, very low quality of evidence).
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be used for this purpose.89 Instead, dynamic measures, such
as PLR, have better diagnostic accuracy in determining fluid
responsiveness.*>°° However, this evidence is all based on
studies performed in HICs. By contrast, restoration of ade-
quate tissue perfusion as assessed clinically at the bedside by
measures such as restoration of normal capillary refill, ab-
sence of skin mottling, improvement in urine output, and re-
covery of mental status may be reasonably reliable and more
relevant targets of resuscitation in LMICs.%°

Interms of biomarkers to guide resuscitation, the ANDROMEDA-
SHOCK trial compared fluid resuscitation strategies based on serial
lactate measurements versus serial assessment of CRT in 424
patients with early septic shock. The primary outcome of 28-day
mortality was 34.9% in the CRT-targeted group and 43.4% in the
lactate-targeted group (hazard ratio: 0.75; 95% Cl: 0.55-1.02; P =
0.06).°" In addition, there was significantly less organ dysfunction in
the CRT group compared with the serial lactate group (mean dif-
ference in SOFA score —1.00; 95% CI: —1.97 to —0.02; P = 0.045).
Importantly, this study also included LMIC settings.

The 2016 surviving sepsis guidelines recommend against
the use of static measurements (i.e., CVP and pulmonary ar-
tery occlusion pressure) as a lone parameter to guide fluid
resuscitation.®® Dynamic measurements such as volume
challenge or PLR, stroke volume and pulse pressure variabil-
ity, IVC collapsibility, and/or distensibility on POCUS have
been shown to be useful, real-time parameters to assist the
clinician in determining whether the patient has been ade-
quately resuscitated or requires further fluid bolusing.*18:92:93

Stroke volume and pulse pressure variability require the use of
continuous monitoring and continuous arterial wave form mea-
surements. As stated elsewhere in this document, accessibility
of equipment and technical expertise are two large limiting fac-
tors of using arterial line catheters for such measurements. The
validity of these modalities is also highly impacted by patient-
specific factors, such as low respiratory system compliance,
arrhythmia, and right-sided heart failure.®°

By contrast, given the wide availability of ultrasounds, POCUS is
a reasonable means of the evaluation of dynamic fluid re-
sponsiveness. Sonographic evaluation of large vessels can add to
a more thorough understanding of the patient’s volume status.
Most commonly, assessing IVC collapsibility (in a spontaneously
breathing patient) or IVC distensibility (in a mechanically ventilated
patient) can be a quick, bedside method to assess fluid re-
suscitation in the shock state.>*°° One of the primary drawbacks to
this methodology is operator comfort and experience with obtain-
ing adequate and reproducible subcostal views of the IVC. This
technique may also be limited by high PEEP that is anecdotally
used in many of the COVID-19 patients with respiratory failure re-
quiring mechanical ventilation.

Availability, feasibility, affordability, and safety. Lactate
measurements and CVCs are widely used in HICs but are not
routinely available in many LMICs. For example, in a survey con-
ducted among 263 physicians responding from Africa, 49.2%
stated they either “sometimes” or “never” had access to CVCs.”?
On the other hand, there is no evidence that these more invasive or
costly tools are more helpful than the simple bedside exam.
Therefore, especially in the LMIC context, vital signs and particularly
CRT are sufficient for guiding the adequacy of resuscitation.%
Point-of-care ultrasound has become more readily available in
LMICs because of improvements in technology rendering portable
machines more affordable.®~'® Studies in LMICs have also
revealed that POCUS impacts diagnosis and management of

patients in real time.'®*% However, an additional barrier to appli-
cation of POCUS is limitations in physician training and proficiency
in bedside ultrasound skills, although training is feasible.'%¢12

Recommendations and suggestions. We recommend the
use of simple bedside parameters, such as CRT, rather than
more invasive or costly parameters, such as lactate mea-
surements, CVP, or central venous saturation, for assessing
the adequacy of resuscitation (strong recommendation,
moderate quality of evidence).

We suggest that POCUS be used to assess the need for
further fluid resuscitation, if available (weak recommendation,
very low quality of evidence).
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APPENDIX

Development of recommendations and suggestions

Selection of task force members. The selection of the group
members was based on interest in specific aspects of COVID-19
and direct experience in LMICs. Alfred Papali and Marcus Schultz
contacted potential team members through email and in person
early in the pandemic of COVID-19, and created subgroups
assigned to separate areas in COVID-19 management, that is,
“triage,” “safety,” “organization,” “microbiology and laboratory
tests, imaging tools, and diagnostic and prognostic modeling,”
“acute respiratory failure,” “acute kidney injury,” “coagulopathy,”
“prevention and therapy,” “shock,” and “support after initial care.”
In total, there were 38 Task Force members representing five
medical specialties or disciplines (emergency medicine, intensive
care, infectious disease, internal medicine, and critical care
nursing) from five out of six World Health Organization (WHO)
geographic regions. The Task Force consisted of 16 full-time
LMIC members, 16 full-time HIC members - all with direct LMIC
experience - and 6 members with joint LMIC/HIC appointments.

Selection of subgroup members. Stephanie Maximous, B.
Jason Brotherton, Andrew Achilleos, Kevan M. Akrami, Lia M.
Barros, Natalie Cobb, David Misango, Casey Park, Varun U. Shetty,
Shaurya Taran, and Burton W. Lee were assigned to this subgroup
based on their specific expertise and interest in the topic.

Discussions. The subgroup worked via electronic-based com-
munications to establish the procedures for the literature review and
drafting of tables for evidence analysis. Discussions occurred both
within the subgroup and with members of other subgroups.

First, a set of clearly defined questions regarding shock in
COVID-19 patients were formulated. These were reviewed for
content and clarity by the subgroup members and heads fromthe
other subgroups. After approval by the subgroup members and
heads from the other subgroups, the subgroup members split up,
each seeking evidence for recommendations regarding the
specific questions posed, seeking help from the subgroup
members in identifying relevant publications where necessary.

” ”

During this process, questions could be combined, so the sub-
group was finally left with 11 major questions, grouped in four
categories. The subgroup summarized the evidence in a report
and formulated a set of recommendations and suggestions after
several online discussions. After approval within the subgroup,
the report was sent for approval by allmembers of the Task Force.

Search techniques. The literature search followed the same
techniques as previously described.! Searches were con-
ducted in PubMed, EmBase, and the Cochrane libraries. Fur-
thermore, the subgroup members identified investigations from
LMICs and also searched for unpublished study results.

Grading of recommendations. The subgroup members
classified quality of evidence as high or low and recommen-
dations as strong or weak. The factors influencing this clas-
sification are presented in Supplemental Table 1.

The subgroup members paid extensive attention to avail-
ability, feasibility, and safety matters in LMICs. A strong rec-
ommendation was worded as “we recommend” and a weak
recommendation as “we suggest.” A number of recommenda-
tions could remain “ungraded” (UG), when, in the opinion of the
subgroup members, such recommendations were not condu-
cive for the process described earlier (Supplemental Table 2).
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TaBLE A1
Quality of evidence

Randomized clinical trials

Observational studies

oOw>

Downgraded randomized clinical trial(s) or upgraded observational studies

Downgraded observational studies or expert opinions

High
Moderate
Low

Very low

Factors that may decrease strength of evidence include high likelihood of bias; inconsistency of results, including problems with subgroup analyses; indirectness of evidence (other population,
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Strong vs. weak recommendations*

What is considered

High evidence

Certainty about the balance of benefits vs. harms
and burdens

Certainty in or similar values

Resource implications

How it affects the recommendation

The higher the quality of evidence, the more likely a strong recommendation

The larger/smaller the difference between the desirable and undesirable consequences and
the certainty around that difference, the more likely a strong/weak recommendation

The more certainty or similarity in values and preferences, the more likely a strong
recommendation

The lower/higher the cost of an intervention compared with the alternative, the more likely a

strong/weak recommendation

Availability and feasibility in LMICs
Affordability for LMICs
Safety of the intervention in LMICs

The less available, the more likely a weak recommendation
The less affordable, the more likely a weak recommendation
The less safe in an LMIC, the more likely a weak recommendation

LMIC = low-middle income countries.

*In case of a strong recommendation, we use “we recommend . . .”; in case of a weak recommendation, we use “we suggest . . .” Adapted from Dondorp AM, Diinser MW, schultz MJ, eds., 2019.
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