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5.1  Introduction

Evidence informing the management of patients with sepsis and septic shock mainly 
derives from research in resource-rich settings. Knowledge translation to intensive 
care units (ICUs) in resource-limited settings is limited by restricted availability of 
skilled staff, equipment, and laboratory support, compounded by infrastructure and 
logistical challenges. Consequently, we developed recommendations relating to 
core elements of general supportive care for patients with sepsis and septic shock in 
resource-limited settings. Our recommendations are built on guidelines from the 
Surviving Sepsis Campaign [1] and the Global Intensive Care Working Group of the 
European Society of Intensive Care Medicine [2], as well as on a search for addi-
tional recent evidence from resource-limited ICUs.

Clinicians with direct experience in resource-limited ICUs developed recom-
mendations by adapting the Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) tools [3]. Similar to our group’s previous publications 
(e.g., see [4]), quality of evidence was assessed as high to very low. Recommendations 
were stated as strong or weak based additionally on indirectness of evidence, mag-
nitude of effects, and availability, feasibility, and safety in resource-limited ICUs. 
We consulted the World Health Organization’s Essential Medicines List when con-
sidering the availability of medications (available at http://www.who.int/medicines/
publications/essentialmedicines/en/). When necessary, evidence from resource-rich 
ICUs was adopted after pragmatic experience-based appraisal (see online supple-
ment). We also made several good practice statements [5]. Recommendations and 
suggestions are summarized in Table 5.1.

5.2  Corticosteroids for Patients with Refractory Shock 
in Resource-Limited ICUs

Sepsis and septic shock constitute major global health-care problems, particularly 
in resource-limited countries, where there is a large burden of infectious diseases, 
and are associated with significant morbidity and mortality [1, 10, 11]. Early and 
appropriate antimicrobial therapy, intravenous fluids, vasopressors, and source con-
trol were necessary, and appropriate supportive care comprises the fundamental 
principles of therapy in such cases [1, 10].

Several adjunctive therapies for septic shock have been developed and studied, and 
various treatment strategies evaluated, without improving outcomes [12–15]. Sepsis is 
associated with systemic inflammation, which may be a significant contributor to the 
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progression of organ dysfunction and death if uncontrolled [16–20]. Sepsis may also 
be complicated by impaired corticosteroid metabolism and hypothalamic-pituitary-
adrenal axis (HPA) dysfunction in critically ill patients [21–25]. This HPA axis dys-
function in critically ill patients has been referred to as critical illness-related 
corticosteroid insufficiency (CIRCI) and relates to inadequate corticosteroid activity 
for the severity of illness as a consequence of decreased adrenal corticosteroid pro-
duction, as well as tissue resistance to corticosteroids. The process is a dynamic one 
and may be reversible.

Proinflammatory cytokines and structural damage to the adrenal glands have 
been implicated in the etiology [17, 18]. The terms “relative” adrenal insufficiency 
and “functional” adrenal insufficiency have also been used to allude to the same 
entity [26]. Based on the recognition of the role of excessive inflammation and 
impaired corticosteroid metabolism in the pathophysiology of multisystem organ 
dysfunction, corticosteroids have been extensively studied as adjunctive therapy in 
patients with septic shock over several decades [10, 20, 27–29]. Corticosteroids 
have the ability to modulate the inflammatory response. They reduce inflammation 
by decreasing cytokines, adhesion molecules, and other mediators. Corticosteroids 
halt the activation of various transcription factors and inhibit nuclear factor kappa 
beta (NF-κB), which plays a crucial role in cytokine gene transcription, thereby 
ameliorating inflammation [18, 20, 30–33]. Additionally, corticosteroids are pro- 
apoptotic, assist in maintaining vascular tone by reversing depressed vasopressor 
sensitivity to catecholamines, maintain endothelium integrity and myocardial con-
tractility, and have an effect on the coagulation cascade by inhibiting platelet aggre-
gation and attenuating tissue factor-mediated activity [20, 34–36].

More recently, the concept of relative adrenal insufficiency as well as of CIRCI 
has been challenged. This has been based on altered cortisol metabolism in criti-
cally ill patients. An increase in cortisol production by a corticotropin-independent 
mechanism, probably cytokine mediated, and a decrease in cortisol clearance that 
together contribute to hypercortisolemia and corticotropin suppression have been 
described [22, 37]. Patients with high cortisol levels have also been shown to have 
less favorable outcomes [38, 39], which has raised concern about the safety of exog-
enous administration. Additionally, currently used methods for cortisol measure-
ment have poor agreement, and it has been suggested that the corticotropin 
stimulation test may not be a valid marker for adrenal dysfunction [40–42].

The use of corticosteroids in the setting of septic shock has been the subject of 
controversy and uncertainty [1, 19, 43–48]. Initial studies of adjunctive high-dose 
corticosteroid therapy in patients with septic shock found no evidence of survival 
benefit [49, 50]. More recent randomized controlled trials (referred to hereafter as 
“trials”) and systematic reviews have suggested that low-dose corticosteroids of 
longer duration may benefit patients in terms of shock reversal, length of ICU stay, 
and mortality, with limited adverse effects [1, 19, 28, 29, 47, 51–53]. Adjunctive 
corticosteroid therapy has been used in a wide array of life-threatening infectious 
diseases with reported beneficial effects [54–67].

A search of MEDLINE and of references from relevant reviews did not produce 
any trials that directly addressed the question posed. The search did identify two 

5 Core Elements of General Supportive Care for Patients with Sepsis and Septic…



92

papers on recommendations for sepsis management in resource-limited settings 
where some aspects of corticosteroid therapy in refractory shock in resource-limited 
settings are addressed [2, 68]. A sepsis guideline for Pakistan was also identified, 
which addressed aspects of corticosteroid administration in patients with sepsis 
should hemodynamic targets not be met with fluid resuscitation and vasopressor 
support [69]. Several studies and guidelines from resource-rich ICUs were identi-
fied and are included in the discussion.

Trials conducted in the 1980s with high-dose corticosteroids in patients with 
septic shock failed to demonstrate a mortality benefit, although decreased time to 
shock reversal was noted in one trial [49, 50, 70, 71]. With the abandonment of the 
use of high-dose corticosteroids in septic shock, the focus of attention shifted to the 
concept of relative adrenal insufficiency in septic shock and the use of lower doses 
of corticosteroids. Promising data emerged using lower doses of corticosteroids (so- 
called supra-physiological or stress doses of hydrocortisone, 200–300  mg/day), 
with reports of shock reversal, trends toward earlier resolution of organ dysfunction, 
and improved mortality [52, 53]. A multicenter trial (n = 300) appeared to demon-
strate improved 28-day survival in patients with vasopressor-refractory septic shock 
and relative adrenal insufficiency who were given low-dose intravenous hydrocorti-
sone (50 mg every 6 h) and low-dose fludrocortisone for 7 days [51]. Study patients 
were hypotensive despite intravenous fluid and vasopressor administration; the ben-
efit was only seen in nonresponders to an adrenocorticotrophic hormone (ACTH) 
test (blood cortisol level failed to rise appropriately in response to a dose of syn-
thetic ACTH) (hydrocortisone vs. placebo mortality 53% vs. 63%; p = 0.02 using 
survival analysis but not significant in unadjusted chi-square test). Two subsequent 
meta-analyses found that longer courses (at least 5 days) of low-dose corticoste-
roids (hydrocortisone 200–300 mg/day) were associated with a decrease in mortal-
ity without any significant increase in complications [72]. Based on the available 
data, the 2004 Surviving Sepsis Campaign guidelines recommended low-dose 
hydrocortisone in vasopressor-dependent septic shock following appropriate fluid 
resuscitation [73].

The subsequent Corticosteroid Therapy of Septic Shock (CORTICUS) trial ran-
domized 499 patients with septic shock to receive low-dose intravenous hydrocor-
tisone (50 mg every 6 h) or placebo [74]. The study showed faster shock reversal 
but no mortality benefit with corticosteroids (hydrocortisone vs. placebo 34.3% vs. 
31.5%; p = 0.51). The study enrolled all patients with septic shock, including those 
who did not respond to vasopressors, and the use of the ACTH test did not predict 
benefit. Corticosteroid administration was associated with an increased incidence 
of superinfection and new sepsis but was not associated with an increased inci-
dence of polyneuropathy. Various authors have pointed out differences between 
CORTICUS and the earlier trial [51]: patients in CORTICUS had a much lower 
severity of illness, could be enrolled for up to 72 h after the onset of shock (vs. 8 h), 
and were given hydrocortisone for a lesser duration, which may have reduced the 
potential benefits. Additionally, in the years between the studies, improved man-
agement with sepsis bundles and new guidelines may also have reduced corticoste-
roid benefits. A post hoc subgroup analysis of CORTICUS patients who met the 
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inclusion criteria used in the earlier trial [51] showed a lower 28-day mortality with 
hydrocortisone [18, 44, 75, 76]. Finally, fludrocortisone was not used in 
CORTICUS, but a subsequent trial involving 509 patients with septic shock ran-
domized to receive hydrocortisone plus fludrocortisone or hydrocortisone alone 
later negated its potential benefit (Corticosteroids and Intensive Insulin Therapy 
for Septic Shock (COIITSS) trial) [77].

The 2008 Surviving Sepsis Campaign guidelines suggested that low-dose hydro-
cortisone only be given to patients who respond poorly to intravenous fluids and 
vasopressors and that an ACTH test was not necessary [78]. A different consensus 
statement by an international task force recommended that low-dose hydrocortisone 
should be considered in the management of patients with septic shock, especially 
those who have responded poorly to fluid resuscitation and vasopressors. Intravenous 
hydrocortisone in a dose of 200  mg/day in four divided doses, or as a bolus of 
100 mg followed by a continuous infusion of 10 mg/h, was recommended. The task 
force suggested continuation for 5–7 days before tapering (rather than abrupt cessa-
tion), assuming no recurrence or sepsis or septic shock. They also suggested that 
tests of adrenal function were not routinely required [17]. A systematic review of 
corticosteroids in the treatment of sepsis and septic shock involving 17 randomized 
trials and 3 quasi-randomized trials with acceptable methodological quality sug-
gested beneficial drug effects on shock reversal and 28-day mortality, without 
increasing the risk of gastroduodenal bleeding, superinfection, or neuromuscular 
weakness. Corticosteroids were, however, associated with an increased risk of 
hyperglycemia and hypernatremia [79]. Another systematic review suggested no 
increased risk of superinfection in patients treated with corticosteroids for septic 
shock and that corticosteroids significantly reduced the incidence of vasopressor- 
dependent septic shock [80]. Various reviews and commentaries on the topic have 
advocated the use of low doses of corticosteroids in refractory septic shock [18, 19, 
44, 47, 81].

The 2012 Surviving Sepsis Campaign guidelines suggested 200  mg/day of 
hydrocortisone to treat patients with septic shock if adequate fluid resuscitation and 
vasopressor therapy are unable to restore hemodynamic stability (grade 2B). The 
guidelines recommend against the use of an ACTH stimulation test to identify 
patients with septic shock who should receive corticosteroid therapy. The guidelines 
also recommend against the use of corticosteroids to treat sepsis in the absence of 
shock (grade 1D). Tapering of the administered hydrocortisone is suggested, as is 
the use of a continuous infusion hydrocortisone (grade 2D) [1]. The 2016 Surviving 
Sepsis guidelines restated the first recommendation (weak recommendation, low 
quality of evidence), but did not issue recommendations on the ACTH test, tapering 
schedule, or continuous vs. intermittent administration.

The timing of corticosteroid therapy was addressed in a retrospective observa-
tional study involving 178 critically ill patients with septic shock. Early initiation of 
low-dose corticosteroids (within 6 h after the onset of septic shock) was associated 
with a significant 37% reduction in mortality [28]. Another retrospective, multi-
center, propensity-matched cohort study involving patients with septic shock who 
received intravenous low-dose corticosteroid therapy within 48 h of diagnosis of 
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septic shock revealed a beneficial effect on mortality only in patients with the high-
est severity of illness [45]. In general, data from observational studies on corticoste-
roids for septic shock have been conflicting, with many studies finding no benefit 
[45, 82–84] or harm [85, 86].

Recommendations addressing sepsis management in resource-limited settings 
have advocated the administration of intravenous hydrocortisone (up to 300 mg/
day) or prednisolone (up to 75 mg/day) to adult patients requiring escalating dos-
ages of vasopressor support [2]. Additional recommendations include not exceeding 
300 mg hydrocortisone or 75 mg prednisolone (to mitigate the risk of additional 
infections), not administering corticosteroids to patients not requiring vasopressor 
support unless they are on chronic corticosteroid therapy, and, when vasopressor 
support is withdrawn, to slowly taper corticosteroids over several days to avoid 
rebound hypotension. A similar approach has been suggested in another paper 
addressing the management of sepsis with limited resources [68]. The Sepsis 
Guidelines for Pakistan, endorsed by the Global Sepsis Alliance, recommends the 
administration of intravenous hydrocortisone (50 mg every 6 h) should hemody-
namic targets not be met following adequate fluid resuscitation and where dose 
requirements of vasopressors rapidly escalate [69].

A most recent Cochrane systematic review and meta-analysis has evaluated both 
the rationale and current evidence from 33 randomized trials involving 4268 patients 
with respect to corticosteroids in septic shock [29]. Corticosteroids reduced 28-day 
mortality by 13%, significantly decreased the length of ICU and hospital stay, 
decreased organ dysfunction and failure, and increased the proportion of shock 
reversal by day 7 by 31%. Length of stay in the ICU was reduced by more than 
2 days. Survival benefits were dependent on lower doses of corticosteroids (less 
than 400 mg of hydrocortisone or equivalent) given for a longer duration of treat-
ment (3 or more days at the full dose). The review also suggested that the sickest 
patients with sepsis were more likely to derive benefit from corticosteroids. The 
administration of low-dose corticosteroids was not found to be associated with gas-
trointestinal bleeding, superinfection, or neuromuscular weakness. In some studies, 
corticosteroids were associated with mild increases in blood glucose and sodium 
levels.

Further information will become available after publication of two large trials 
[87, 88] (planned n = 3800 and 1241, respectively), both of which will investigate 
hydrocortisone (200 mg/day) versus placebo in patients with septic shock; the sec-
ond trial will also study fludrocortisone.

Corticosteroids given in low-dose are readily available and inexpensive, and evi-
dence exists to support their use in septic patients with refractory shock; various 
formulations are on the World Health Organization’s Essential Medicines List [89]. 
Data from recent systematic reviews suggest no increased risk of gastrointestinal 
bleeding, superinfection, or neuromuscular weakness. Their use may, however, be 
associated with an increased risk of hyperglycemia and hypernatremia.

After reviewing the evidence (no additional trials from resource-limited ICUs) 
and considering availability, feasibility, affordability, and safety, our recommenda-
tion and grading are consistent with the Surviving Sepsis guidelines. We suggest 
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intravenous hydrocortisone (200 mg per day, or equivalent dose of another cortico-
steroid) in adult patients with septic shock, who despite both adequate fluid resusci-
tation and vasopressor support remain hemodynamically unstable (low quality of 
evidence). Of note, hemodynamic instability may be defined by systolic blood pres-
sure <90 mmHg for >1 h. Hydrocortisone can be administered by continuous infu-
sion or boluses for 5–7 days, or up to the weaning of vasopressor therapy, followed 
by tapering of the dose as guided by the clinical response. Bolus dosing does not 
require an infusion pump and is therefore more feasible. Dosing and pharmacoki-
netic properties of various corticosteroids are presented in Table 5.2.

5.3  Sedation for Patients with Sepsis  
in Resource-Limited ICUs

Sedation has been a feature of intensive care since the inception of mechanical ven-
tilation. The earliest ventilators had only mandatory modes, followed by ventilators 
with insensitive triggers that made patient–ventilator synchronization a challenge. 
Deep sedation was the pragmatic solution for this problem. Progress in technology 
and the development of sensitive ventilator trigger outpaced widespread adaptation 
in sedation practice, despite emerging evidence for the detrimental effects of seda-
tion and specifically deep sedation.

Sedation, especially when deep, has been associated with risk of increased organ 
dysfunction [90, 91], delirium, cognitive deficit, increased length of stay (LOS) in 
ICU and hospital, and increased mortality [92]. Strategies to decrease the risk of 
oversedation include the use of sedation protocols to lighter sedation targets, daily 
sedation interruptions, or no sedation. Bolus dosing of sedatives is another strategy 
to titrate sedation to a specified target and prevent oversedation.

A MEDLINE search found no trials that address this question in resource- limited 
ICUs. The search and references from relevant reviews did not produce any trials 
that directly addressed the question posed. The 2016 Surviving Sepsis guidelines 
made a best practice recommendation that continuous or intermittent sedation be 
minimized in mechanically ventilated sepsis patients, targeting specific titration end 
points. Earlier comprehensive guidelines [19] on pain, agitation, and delirium 

Table 5.2 Characteristics of corticosteroids

Type

Equivalent  
anti- inflammatory 
doses (potency)

Mineralocorticoid 
potency

Biological 
half-life 
(hours)

Hydrocortisone 20 mg (1) 1.0 8–12
Cortisone 25 mg (0.8) 0.8 8–12
Prednisolone/prednisone 5 mg (4) 0.8 12–36
Methylprednisolone 4 mg (5) 0.5 12–36
Dexamethasone 0.75 (25) 0 36–54
Fludrocortisone _ 125 18–36

Adapted from [268–270]
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recommend that sedative medications be titrated to maintain a light rather than a 
deep level of sedation in adult ICU patients, unless clinically contraindicated. 
Neither guideline makes a recommendation about continuous or bolus dosing.

In a single-center prospective observational study [93] of 142 consecutive 
mechanically ventilated ICU patients, 38.4% received continuous IV sedation 
(mostly lorazepam [72%] and fentanyl [71%]) to achieve a Ramsay score of 3. A 
majority (61.6%) received either bolus sedation (n = 64) or no intravenous sedation 
after intubation (n = 85). Patients with continuous IV sedation spent more time on 
mechanical ventilation (by 130 h) and had longer ICU LOS (by 8.7 days) hospital 
LOS (by 8.2 days; all adjusted p ≤ 0.007). There were no statistically significant 
differences in mortality, time of mechanical ventilation (68.5 vs. 45.9 h, p = 0.07), 
or hospital LOS (14.8 vs. 11.3 days, p = 0.127) between patients receiving bolus 
sedation vs. no sedation but a longer ICU LOS (5.7 vs. 4.1 days, p = 0.017).

A single-center randomized controlled trial [94] randomized 321 patients to 
protocol- directed vs. non-protocol-directed sedation and found lower duration of 
mechanical ventilation (mean 89.1 vs. 124.0 h, p = 0.003), lower LOS in ICU 
(mean 5.7 vs. 7.5  days, p  =  0.013) and hospital (mean 14.0 vs. 19.9  days, 
p < 0.001), and lower tracheostomy rate (6.2% vs. 13.2%, p = 0.038). In the sub-
group of patients who received continuous intravenous sedation (n = 132, 41.1% 
of total), the protocol- directed sedation group had a significantly shorter duration 
of continuous intravenous sedation (3.5 vs. 5.6 days, p = 0.003). A Cochrane sys-
tematic review (2 trials, n = 633) [95] found no differences between patients man-
aged with protocol- directed sedation vs. usual care in efficacy outcomes or 
adverse events (unplanned extubation or reintubation), but the results of the two 
included trials conflicted.

Kress et  al. [96] randomized 128 patients in a single-center randomized con-
trolled trial to an intervention group sedation with target Ramsay score of 3–4 and 
daily interruption of continuous sedative infusions. The control group received stan-
dard care with no-sedation target or interruption of sedation. Duration of mechani-
cal ventilation and ICU LOS were reduced by 2.4 days (p = 0.004) and 3.5 days 
(p = 0.02) in the intervention group, respectively, with no difference in the risk of 
self-extubation. Subsequent analysis showed fewer complications in the interven-
tion group (2.8% vs. 6.2% in control group, p = 0.04) [97] and no increase in the risk 
of myocardial ischemia [98]. However, a larger multicenter trial (n = 430) showed 
no effect of daily sedation interruption when both groups were managed with a 
sedation protocol; patients in the daily interruption group received higher doses of 
benzodiazepines and opiates. A Cochrane systematic review on daily interruption of 
sedation [99] did not find strong evidence in favor of this approach, although point 
estimates for efficacy outcomes favored the intervention and a post hoc subgroup 
analysis of five trials conducted in North America did show reduced duration of 
mechanical ventilation. There were no differences in risks of unplanned extubation 
or catheter removal.

Concerns about patient emotional and physical discomfort were raised in a pro-
spective observational study (31 Chinese academic ICUs, n = 163). The majority 
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(79.1%) of patients remembered seriously uncomfortable experiences; protocolized 
sedation or non-protocolized continuous sedation but not intermittent sedation 
reduced the risk of complex-mixed discomfort episodes. Of note, 37.4% of patients 
did not receive any sedation, and only 14.7% received protocolized sedation. The 
nurse–patient ratio was not stated [100]. Overall, traditional concerns that light 
sedation or sedation interruptions are associated with worse psychological out-
comes seem to be unfounded. Lightly sedated or non-sedated patients may do better 
than deeply sedated patients [91, 101–103].

To investigate a more extreme version of light sedation, Strom et al. [91] ran-
domized 140 critically ill adults in one center with expected mechanical ventilation 
>24 h to receive either continuous sedation with propofol for 48 h and lorazepam 
thereafter, with daily sedation interruptions (n = 70), or no sedation (n = 70). Both 
groups received bolus doses of morphine (2.5 or 5 mg) as needed, and the no-seda-
tion group could receive boluses of haloperidol for delirium. The no- sedation group 
has improvements in ventilator-free days to day 28 and ICU and hospital LOS, but 
patients who died or who were extubated within 48 h were excluded, and hence the 
analysis did not include all randomized patients. The no- sedation group also expe-
rienced more agitated delirium, and 10/58 patients crossed over to the sedation 
group. The nurse–patient ratio was 1:1; the no-sedation group needed an additional 
member of staff on 11 vs. 3 occasions for the sedation group, corresponding to 
2.5 days of extra staff time.

Relevant considerations include the following: (1) morphine, midazolam, and 
diazepam are generic medications and on the World Health Organization’s Essential 
Medicines List [89], although in practice they may not be uniformly available; (2) 
care of the mechanically ventilated patient with sepsis requires attentive nursing and 
medical expertise, including the administration and monitoring of intravenous seda-
tion; and (3) depending on staffing models, medical attendance to a patient who 
self-extubates and requires reintubation may be delayed, particularly outside of 
weekday daytime hours. Diazepam may be particularly challenging to use because 
of its active metabolites and long half-life. Systematic reviews have not documented 
an increased risk of device removal with “light” sedation approaches [95, 99]. 
Existing literature from high-income countries derives from ICUs with one nurse 
per one to two patients. These issues point to the need for caution in managing seda-
tion needs in low-resource ICUs, many of which have less nursing staffing.

After reviewing the evidence (no additional trials from low-resource ICUs) and 
considering availability, feasibility, affordability, and safety, our recommendation 
and grading are consistent with the Surviving Sepsis guidelines. The group believes 
that continuous or intermittent sedation be minimized in mechanically ventilated 
sepsis patients, targeting specific titration end points (ungraded good practice 
statement).

Of note, management of intravenous sedation for mechanically ventilated septic 
patients requires attentive nursing and medical expertise and sufficient staffing to 
handle risks of agitated delirium and device removal. There are no trials of continu-
ous vs. bolus sedation dosing in resource-limited settings.
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5.4  Neuromuscular Blocking Agents  
for Mechanical Ventilation

The role of neuromuscular blocking agents in the ICU is undefined, and there is no 
clear evidence that neuromuscular blockade in septic mechanically ventilated 
patients reduces mortality or morbidity. Nevertheless, neuromuscular blocking 
agents are often administered to critically ill patients to prevent patient–ventilator 
dyssynchrony [104], a strategy that anecdotally may be practiced more frequently 
in resource-limited ICUs than in resource-rich settings. Other indications for neuro-
muscular blockade are to reduce peak airway pressures and to improve chest wall 
compliance [104] and to reduce oxygen consumption by decreasing the work of 
breathing and respiratory muscle blood flow [105].

The MEDLINE search did not result in any study from resource-limited ICUs 
that directly answered the question of interest. We discuss several studies from 
resource-rich ICUs. The 2016 Surviving Sepsis guidelines suggest using neuromus-
cular blockers for ≤48  h in adults with sepsis-induced acute respiratory distress 
syndrome (ARDS) and a PaO2/FiO2 ratio <150  mmHg (weak recommendation, 
moderate quality of evidence). One recent systematic review [106] of three trials 
(all from France) in patients with ARDS showed improved survival, more ventilator- 
free days at day 28, higher PaO2/FiO2 ratio, and less barotrauma with continuous 
infusions of the neuromuscular blocking agent cisatracurium for 2 days compared 
to standard care [107–109]. Most patients in these three trials met criteria for sepsis. 
The incidence of ICU-acquired weakness was not affected. Several previous obser-
vational studies have found an association of neuromuscular blockade with weak-
ness in patients with severe asthma [110–112], although this signal has not been 
uniform [113, 114]. Several areas of uncertainly remain. First, peripheral nerve 
monitoring of the depth of neuromuscular blockade (i.e., train-of-four [TOF] stimu-
lation) was only performed in the two smaller trials [107, 108]. Current guidelines 
[6] suggest that TOF may be useful for monitoring depth blockade but only if incor-
porated with clinical assessment and suggest that TOF may not be used alone for 
this purpose. Second, it is uncertain whether a neuromuscular blocking agent other 
than cisatracurium would have similar effects. Further information about the effects 
of neuromuscular blockade in the acute respiratory distress syndrome will be avail-
able after completion of a large ongoing trial [115].

Selected neuromuscular blocking agents (albeit not cisatracurium) are on the 
World Health Organization’s Essential Medicines List [89] and should therefore be 
available in resource-limited settings, although in practice they may not be uni-
formly available. Even if available, associated costs can be substantial when given 
in a continuous fashion, as this delivery method increases the amount given and 
requires a syringe pump. The literature is conflicting regarding the benefits of TOF 
monitoring over clinical judgment to guide administration of neuromuscular block-
ers [116–118], with only a weak recommendation in favor [6], but it may reduce the 
amounts given, leading to faster recovery of neuromuscular function, shorter dura-
tion of intubation, and lower costs. On the other hand, costs of TOF meters could 
minimize any financial benefit of neuromuscular blockade. Attentive nursing and 
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medical care are required to care for patients on neuromuscular blockade, with cur-
rent guidelines suggesting structured physiotherapy and glucose control (to 
<180 mg/dL, <10 mmol/L) for these patients [6]. The safety of continuous neuro-
muscular blockade in the absence of capnography or arterial blood gas analysis is 
not established.

After reviewing the evidence (no additional trials from low-resource ICUs) and 
considering availability, feasibility, affordability, and safety, our first recommenda-
tion and grading are consistent with the Surviving Sepsis guidelines. We suggest 
neuromuscular blockade for a maximum of 2 days in mechanically ventilated septic 
patients with ARDS and PaO2/FiO2 ratio  <  150  mmHg (SpO2/FiO2 ratio  <  190) 
(moderate quality of evidence). Of note, attentive nursing and medical care are 
essential requirements to care for patients on neuromuscular blockade. We suggest 
monitoring the depth of blockade through TOF stimulation when neuromuscular 
blocking agents are administered by continuous infusion. The safety of continuous 
neuromuscular blockade in the absence of capnography or arterial blood gas analy-
sis is not established. The conversion of PaO2/FiO2 ratio to SpO2/FiO2 ratio is from 
reference [119].

The group believes that neuromuscular blocking agents should not be adminis-
tered when sedation and analgesia can prevent patient–ventilator dyssynchrony 
(ungraded good practice statement). The group believes that sedation and analgesia 
should be used before and during neuromuscular blockade to achieve suitable seda-
tion (ungraded good practice statement). This statement is consistent with recent 
guidelines [6].

5.5  Deep Venous Thrombosis Prophylaxis  
in Resource- Limited ICUs

Venous thromboembolism (VTE) is a common and severe complication of criti-
cal illness and includes the entities of deep venous thrombosis and pulmonary 
embolism [120, 121]. VTE is recognized as being the commonest preventable 
cause of hospital death in resource-rich settings, and evidence strongly supports 
the value of VTE prophylaxis [122, 123]. Guidelines of many scientific societies 
strongly recommend that every hospital should have a policy for VTE prophy-
laxis [122, 123].

Sepsis has been demonstrated to be an independent risk factor for the develop-
ment of VTE in critically ill patients [7, 120, 124–127]. Therapeutic modalities 
involved in the management of septic critically ill patients may further contribute to 
the risk, including mechanical ventilation, central venous catheters, and vasopres-
sors. The inflammatory milieu of sepsis is felt to play an important role in the patho-
genesis of VTE [127–130]. Patients with certain forms of infections, such as HIV/
AIDS and tuberculosis (TB), which are commonly seen in resource-limited envi-
ronments, have been shown to be at particularly high risk for VTE [7, 131–135].

An association between mortality and lack of prophylaxis in ICU patients has 
been demonstrated in both resource-rich and resource-limited settings [136–138]. 

5 Core Elements of General Supportive Care for Patients with Sepsis and Septic…



100

Data from developing countries, however, has revealed a significant underutilization 
of VTE prophylaxis [138, 139].

The MEDLINE search did not produce any trials that directly answered this 
question in resource-limited settings. Several relevant guidelines, recommenda-
tions, commentaries, overviews, and studies of VTE prophylaxis were identified, in 
addition to one retrospective cohort of patients with VTE [140].

The 2016 Surviving Sepsis guidelines [1] make two strong recommendations 
(moderate quality of evidence): pharmacologic prophylaxis (unfractionated heparin 
[UFH] or low-molecular-weight heparin [LMWH]) against venous thromboembo-
lism (VTE) in the absence of contraindications to the use of these agents and LMWH 
rather than UFH for VTE prophylaxis in the absence of contraindications to the use 
of LMWH. The guidelines also make two weak recommendations (low quality of 
evidence): combination pharmacologic VTE prophylaxis and mechanical prophy-
laxis, whenever possible, and mechanical VTE prophylaxis when pharmacologic 
VTE is contraindicated.

Sepsis guidelines for Pakistan recommend daily pharmacologic prophylaxis 
(UFH twice daily or LMWH, depending on hospital policy and environment), with 
intermittent pneumatic compression (IPC) in the case of coagulopathy or low plate-
lets. Where IPC is not available, graduated compression stockings (GCS) are advo-
cated [69]. The South African Guideline on venous thromboembolism recommends 
pharmacologic prophylaxis with UFH (three times per day) or LMWH until the 
patient is fully mobile and states that evidence-based data show LMWH to be supe-
rior to UFH. Mechanical prophylaxis (GCS or IPC) is suggested as an alternative 
for patients at high risk of bleeding [7].

VTE prophylaxis has been shown to be effective in a plethora of trials in various 
populations of acutely ill patients [141–147]. At least two well-conducted system-
atic reviews further corroborate the efficacy of VTE prophylaxis [148, 149]. Many 
of the patients studied in these trials had sepsis. The Surviving Sepsis Campaign 
guidelines and the American College of Chest Physicians guidelines both strongly 
recommend VTE prophylaxis in the absence of contraindications [1, 123]. Similarly, 
VTE prophylaxis is advocated in various guidelines, overviews, and commentaries 
addressing resource-limited settings [2, 124, 138].

Studies have shown that the practice of VTE prophylaxis is suboptimal globally 
[150, 151]. VTE underutilization, nonadherence to guidelines, and lack of aware-
ness of risk factors have been documented in resource-limited settings [137–139, 
152–154]. For example, in an observational study from India, 100% of ICU patients 
were assessed as being at highest risk for VTE [138]. Just over 25% deemed to be 
at the highest risk for VTE had sepsis or bloodstream infection; only 11% of the 
highest risk patients received VTE prophylaxis. VTE has also been documented to 
be a common finding at autopsy, with many patients noted to be young [155] and to 
have had septic shock [156].

Guideline adherence and VTE risk stratification are often lacking in resource- 
limited settings. In a cross-sectional descriptive study conducted in a tertiary care 
hospital in Nigeria, almost three-fourth of physicians did not perform VTE risk 
assessment of patients, and only 18.8% follow guidelines on VTE prophylaxis 
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[157]. Similar data regarding low level of awareness of VTE risk factors has been 
reported in a national cross-sectional study from Mexico [158]. In an overview of 
strategies to reduce mortality from bacterial sepsis in adults in developing countries, 
the authors point out that VTE prophylaxes are both warranted and available in most 
resource-limited settings [55].

Recently, a prospective multicenter study (n = 113) from a high-resource setting 
[127] found a three- to tenfold higher incidence of VTE in patients admitted with 
sepsis and septic shock compared to published reports in primarily non-septic ICU 
patients. The incidence of VTE was 37.2%, and the majority of emboli (88%) were 
clinically significant pulmonary emboli or DVT. Patients with VTE had a statisti-
cally significant increased length of hospital stay of approximately 5 days. Insertion 
of a central venous catheter and longer duration of mechanical ventilation were 
additional risk factors. The higher incidence of VTE in this cohort occurred despite 
pharmacological prophylaxis, with the authors suggesting that higher doses of phar-
macological prophylaxis or combination prophylaxis with both heparinoids and 
mechanical devices may be more effective in septic patients.

Prophylaxis involves both pharmacological and mechanical modalities; the for-
mer most frequently includes UFH or LMWH. A systematic review of seven trials 
(n = 7226) of heparin prophylaxis in critically ill patients found that any heparin 
prophylaxis decreased VTE, with LMWH being superior to UFH for the outcome of 
pulmonary embolism. There was no effect of any heparin vs. placebo and no effect 
of LMWH vs. UFH on major bleeding [159]. A Cochrane systematic review of 
heparin (UFH or LMWH) in acutely ill medical patients (excluding stroke and myo-
cardial infarction; 16 trials, n = 34,369) revealed a significant reduction in VTE in 
patients who received any form of heparin prophylaxis. LMWH was superior to 
UFH and was associated with less major bleeding [160]. The PROTECT Investigators 
evaluated LMWH versus UFH in 3764 medical–surgical ICU patients and demon-
strated no effect on proximal deep vein thrombosis but fewer pulmonary emboli in 
patients assigned to LMWH [161]. Pharmacological prophylaxis has been shown to 
be cost-effective for VTE prevention, with LMWH superior to UFH in an economic 
analysis of PROTECT [162, 163].

Mechanical measures include elastic GCS, IPC, and venous foot pumps. All 
these modalities have been shown to be beneficial in reducing VTE, likely by 
increasing venous blood flow and enhancing endogenous fibrinolysis [164]. A 
recent systematic review (70 trials, n = 16,164 [165]) found that IPC reduced VTE 
compared to no IPC prophylaxis and GCS and had similar effect vs. pharmacologi-
cal prophylaxis but with a reduced risk of bleeding. Adding pharmacological pro-
phylaxis to IPC further reduced the risk of deep venous thrombosis vs. IPC alone.

Pharmacological prophylaxis is generally available in resource-limited ICUs and 
can be delivered feasibly and safely. The WHO Essential Medicines List includes 
both heparin and enoxaparin [89]. Mechanical modalities may not be available in 
many resource-limited ICUs but have the added potential advantage of being reuse-
able, which would lower costs.

After reviewing the evidence (no additional trials and one guideline from low- 
resource ICUs) and considering availability, feasibility, affordability, and safety, our 
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recommendations and grading are consistent with the Surviving Sepsis guidelines, 
except when noted. We recommend UFH or LMWH to prevent VTE in patients with 
no contraindications to these medications (moderate quality of evidence). We rec-
ommend LMWH over UFH in patients with no contraindications to LMWH assum-
ing availability of both medications (moderate quality of evidence). We suggest 
mechanical VTE prophylaxis when UFH and LMWH are contraindicated or 
unavailable (low quality of evidence). Of note, mechanical prophylaxis includes 
GCS and IPC devices; GCS may be less effective than IPC devices but are far more 
likely to be available. We suggest combination mechanical (IPC devices) and phar-
macologic prophylaxis if possible (low quality of evidence). Of note, mechanical 
prophylaxis includes GCS and IPC devices; GCS may be less effective than IPC 
devices but are far more likely to be available. The group believes that VTE prophy-
laxis should be continued until the patient is fully mobile (ungraded good practice 
statement). This statement is consistent with that made in the South African VTE 
guideline [7].

5.6  Stress Ulcer Prophylaxis in Patients with Sepsis 
in Resource-Limited ICUs

Stress ulceration of the gastric mucosa in critically ill patients has been studied for 
many years, with mechanical ventilation for ≥48 h and presence of coagulopathy 
identified as risk factors [166]. A recent multicenter observational study conducted 
in 11 high-income countries found that clinically important gastrointestinal (GI) 
bleeding occurred in 2.6% (95%CI 1.5–3.6%) of patients [167]. In this study, inde-
pendent risk factors for GI bleeding included ≥3 comorbidities, liver disease, use of 
renal replacement therapy, coagulopathy, higher organ failure score, and use of acid 
suppressants at ICU admission (possibly due to confounding by indication). 
Systematic reviews of trials from mostly high-income countries have shown that 
either histamine-2 receptor antagonists (H2RAs) or proton-pump inhibitors (PPIs) 
reduce GI bleeding [168], with some evidence that PPIs are superior [169].

A MEDLINE search of recent literature (2012–2016) did not identify trials 
addressing this question. Previous systematic reviews [168, 169] included two trials 
(India) and five trials (Brazil, China, Iran, India) from middle-income countries, 
respectively.

The 2016 Surviving Sepsis guidelines [1] recommend, based on low quality of 
evidence, that stress ulcer prophylaxis be given to patients with sepsis or septic 
shock with risk factors for GI bleeding (strong recommendation) and suggest that 
either PPIs or H2RAs be used (weak recommendation). New data on the efficacy of 
stress ulcer prophylaxis will become available after ongoing trials of PPI vs. pla-
cebo are completed [170, 171].

Many H2RAs and PPIs are available as generic preparations and in principle 
should be widely available. Omeprazole and ranitidine (both in oral and injectable 
forms) are on the WHO Model List of Essential Medicines [89]. Systematic reviews 
of trials have not shown statistically significant differences in rates of pneumonia 
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among PPIs, H2RAs, or control [168, 169]; trials have not addressed the compara-
tive risk of C. difficile infection. Observational studies on the association between 
risk of C. difficile infection and stress ulcer prophylaxis with PPI have produced 
inconsistent results [172, 173].

After reviewing the evidence (no additional trials from low-resource ICUs) and 
considering availability, feasibility, affordability, and safety, our recommendations 
are consistent with the Surviving Sepsis guidelines. We recommend that stress ulcer 
prophylaxis be given to patients with sepsis or septic shock with risk factors for GI 
bleeding (low quality of evidence). Risk factors for GI bleeding include mechanical 
ventilation for ≥48 h, coagulopathy, renal replacement therapy, liver disease, mul-
tiple comorbidities, and higher organ failure score. We suggest that either PPIs or 
H2RAs be used for stress ulcer prophylaxis (low quality of evidence).

5.7  Glucose Control in Patients with Sepsis  
in Resource- Limited ICUs

Dysglycemia frequently occurs in critically ill patients. Hyperglycemia may be 
associated with critical illness or less frequently due to diabetic ketoacidosis [174]. 
Certain infectious diseases, e.g., malaria, are associated with an increased risk of 
hypoglycemia, particularly in children and patients with limited glycogen stores, 
like malnourished patients or subjects with liver disease [175]. Hypoglycemia may 
also develop as a side effect of continuous insulin infusion for control of critical 
illness-associated hyperglycemia [176].

While early trials showed reduced mortality and morbidity with continuous 
intravenous administration of insulin aiming for normoglycemia (80–110 mg/dL, 
4.4–6.1 mmol/L) in critically ill adult and pediatric patients [177, 178], subsequent 
trials of “intensive insulin therapy” suggested harm [176]. Also, almost without 
exception, “intensive insulin therapy” results in a much higher incidence of severe 
hypoglycemia (<40  mg/dL, 2.2  mmol/L) [176]. Consequently the international 
guidelines, including the Surviving Sepsis Campaign guidelines [1], moved from 
recommending “intensive insulin therapy” to recommending prevention of hyper-
glycemia (defined as >180 mg/dL, >10 mmol/L). One of the five systematic reviews 
of “intensive insulin therapy” [179–183] showed “intensive insulin therapy” to be 
beneficial only in surgical ICU patients (risk ratio, 0.63 [0.44–0.9]) [180], but 
another review refuted this finding [181].

Blood glucose control with intravenous insulin is a very complex intervention, 
independent of the targets used [174, 176]. Many different protocols for the titration 
of intravenous insulin in ICU patients have been published [184]. It is unknown 
which of these protocols have been implemented in ICUs beyond the centers where 
they were designed, let alone whether they are effective and safe in other surround-
ings. It is generally considered important to guide the titration of intravenous insulin 
in ICU patients by frequent measurements of the blood glucose level [174], a strat-
egy that is time- and blood-consuming and expensive. Also, it is advised to prefer 
bedside-based blood gas analyzers over finger-stick blood glucose tests, as accuracy 

5 Core Elements of General Supportive Care for Patients with Sepsis and Septic…



104

of capillary blood glucose monitoring could be too low to guarantee safe and effec-
tive titration of intravenous insulin in ICU patients [176].

While insulin infusion is preferred over oral antihyperglycemic agents for blood 
glucose control in the ICU [174], a large variety of oral antihyperglycemic agents 
are available that may simplify and possibly improve blood glucose control in 
the ICU.

The MEDLINE search did not find trials of “intensive insulin therapy” from 
resource-limited ICUs. The search, however, identified one recent consensus guide-
line on blood glucose management in India [8] and three small Iranian trials of the 
oral antidiabetic agent, metformin [185–187]. Major issues of the Indian guideline 
are discussed, as are the results from the trials of metformin. We do not discuss the 
importance of preemptive treatment of hypoglycemia in patients with malaria but 
refer to another set of guidelines from our group, focusing on management of den-
gue and malaria [188].

The 2016 Surviving Sepsis guidelines [1] recommend a protocolized approach to 
blood glucose management in ICU patients with sepsis, commencing insulin dosing 
when two consecutive blood glucose levels are >180 mg/dL. This approach should 
target an upper blood glucose level ≤180 mg/dL rather than an upper target blood 
glucose level ≤110 mg/dL (strong recommendation, high quality of evidence). The 
guidelines suggest the use of arterial blood rather than capillary blood for point-of- 
care testing using glucose meters if patients have arterial catheters (weak recom-
mendation, low quality of evidence). The guidelines make two best practice 
statements: blood glucose values should be monitored every 1–2 h until glucose 
values and insulin infusion rates are stable and then every 4 h thereafter in patients 
receiving insulin infusions; glucose levels should be obtained with point-of-care 
testing of capillary blood be interpreted with caution because such measurements 
may not accurately estimate arterial blood or plasma glucose values.

Recently, a group of experts in the fields of diabetes and intensive care medicine 
from India framed recommendations regarding blood glucose control and monitor-
ing for Indian ICUs [8]. One recommendation was to use a simple protocol for 
managing hyperglycemia for all critically ill patients, i.e., with no differences 
between various types of ICUs. The guideline recommended that the blood glucose 
target should be 140–180  mg/dL (7.8–10.0  mmol/L) in critically ill patients but 
lower (110–140  mg/dL, 6.1–7.8  mmol/L) in patients after coronary bypass or 
uncomplicated surgery; blood glucose target values <110  mg/dL (>6.0  mmol/L) 
should be avoided; and insulin should be stopped when the blood glucose level 
drops <70 mg/dL (<3.9 mmol/L; Table 5.3 shows the titration protocol of the Indian 
guideline [8]). Despite absence of trials, the guideline recommended intravenous 
over subcutaneous insulin because of the latter’s unreliable absorption and unpre-
dictable effects and risk of delayed hypoglycemia. Finally, they recommended mon-
itoring capillary blood glucose every hour or more frequently (e.g., every 20–30 min 
in case of hypoglycemia, until hypoglycemia resolves).

A few small trials have investigated oral antihyperglycemic agents for blood glu-
cose control in ICU patients. Treatment with twice daily oral metformin was shown 
to be as effective as continuous intravenous administration of insulin in reducing the 
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blood glucose level in a trial in 51 critically ill trauma patients who presented with 
hyperglycemia [185]. Of note, it remained unclear what blood glucose targets were 
used in patients treated with insulin, and blood glucose levels were only marginally 
reduced over the 3-day observation period. Also, it was not mentioned how frequent 
blood glucose levels were measured, and incidence of hypoglycemia was not 
reported. In a trial of 24 critically ill patients after major trauma or non-abdominal 
surgeries, continuous intravenous administration of insulin caused a greater reduc-
tion in blood glucose concentration than metformin alone, but the latter strategy 
required less attention and trained personnel [186]. Hypoglycemia did not occur in 
this trial. A third trial in 21 ICU patients with systemic inflammatory response syn-
drome compared oral metformin plus intravenous insulin to intravenous insulin and 
found reduced insulin requirement and nursing workload with similar glucose con-
trol [187]. All trials were at high risk of bias—they lacked a description of random-
ization and allocation concealment—one trial was described as double-blinded but 
with no description of procedures [186], and all trials excluded some patients after 
randomization.

We did not locate trials of subcutaneous vs. intravenous insulin in critically ill 
patients, but pharmacologic considerations suggest that titration of insulin dose in 
response to changing plasma glucose values is much more feasible with intravenous 
administration.

Critical illness-associated hyperglycemia is common, and short-acting insulin is 
widely available, cheap, and on the WHO Essential Medicines List [89]. Blood 
glucose control with continuous intravenous insulin is a complex intervention that 
requires a continuous infusion pump and close monitoring, with an increased risk 
for hypoglycemia when blood glucose monitoring is insufficient. Choosing a higher 

Table 5.3 Example of a simple protocol of blood glucose control, as proposed for Indian inten-
sive care units

Start intravenous insulin when blood glucose level >180 mg/dL
Start insulin infusion (U/L) by dividing the blood glucose value in (mg/dL) by 100 and 
rounding it off to the nearest decimal (e.g., if blood glucose level is 237 mg/dL, then start 
insulin infusion at a rate of 2 units/h, and, e.g., if blood glucose value is 387 mg/dL, then start 
insulin infusion at a rate of 4 units/h)
Titrate intravenous insulin dosage according to the prevailing blood glucose level:
<110 mg/dL No insulin
110–149 mg/dL 1.0 unit/h
150–99 mg/dL 2.0 units/h
200–249 mg/dL 2.5 units/h
250–299 mg/dL 3.0 units/h
300–349 mg/dL 3.5 units/h
350–399 mg/dL 4.0 units/h
400–449 mg/dL 4.5 units/h
450–499 mg/dL 5.0 units/h
500–549 mg/dL 5.5 units/h
550–599 mg/dL 6.0 units/h

Adapted from [8]. To convert mg/dL to mmol/L, divide by 18
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glucose threshold and using a simple insulin titration protocol applicable for all ICU 
patients could reduce complexity and costs. Frequent blood glucose measurements, 
as suggested in the Indian guideline for blood glucose control [8], may only be fea-
sible and affordable when using finger-stick blood glucose tests, but these remain 
less accurate than more costly venous or arterial blood samples.

Use of the cheap and widely available metformin may simplify blood glucose 
control in critically ill patients. However, concerns remain over the risk of lactic 
acidosis [189], uncertain biological availability of orally administered antihypergly-
cemic agents, and lack of adequate trial data. The US Food and Drug Administration 
label for metformin advises that metformin is contraindicated in patients with an 
estimated glomerular filtration rate (eGFR) <30  mL/min/m2, not recommended 
when eGFR is 30–45 mL/min/m2, and should be withheld “in the presence of any 
condition associated with hypoxemia, dehydration, or sepsis.”

After reviewing the evidence (no additional trials from low-resource ICUs) and 
considering availability, feasibility, affordability, and safety, our recommendations 
are consistent with the Surviving Sepsis guidelines and the Indian guidelines [8]. 
We make no recommendations regarding metformin or other oral antidiabetic agents 
for blood glucose control in the absence of adequate evidence from trials. We rec-
ommend a protocolized approach to blood glucose management in ICU patients 
with sepsis, commencing when blood glucose >180 mg/dL (>10 mmol/L), with a 
target blood glucose value ≤180 mg/dL (≤10 mmol/L) (high quality of evidence). 
The group believes that blood glucose levels obtained with finger-stick blood glu-
cose tests be interpreted with caution, as these measurements may not accurately 
estimate arterial blood or plasma glucose values (ungraded good practice state-
ment). The group believes that a simple protocol for blood glucose management 
should be implemented for all critically ill patients but only if frequent blood glu-
cose monitoring is feasible, safe, and affordable (ungraded good practice state-
ment). The group believes that insulin should be administered intravenously rather 
than subcutaneously in ICU patients with sepsis (ungraded good practice 
statement).

5.8  Enteral Feeding in Patients with Sepsis  
in Resource- Limited ICUs

Nutrition is an integral component of critical care and evidence relating to its effi-
cacy, timing, composition, and route of administration has evolved substantially 
over the past two decades. Although nutrition is no longer considered a purely sup-
portive element administered to critically ill patients in order to maintain lean body 
mass, malnutrition and undernutrition remain a commonly encountered entity in 
patients worldwide. Malnutrition is often unrecognized and is an independent risk 
factor for increased morbidity, increased length of hospital stay and hospital costs, 
delayed recovery, readmission, impaired quality of life, and mortality [190]. This 
entity is of major relevance in resource-limited settings.
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Appropriately administered enteral nutrition (EN) is now believed to be associ-
ated with a reduction in complications, duration of stay in the ICU, and improved 
patient outcomes [191, 192]. The provision of enteral nutrition plays a pivotal role 
in maintaining gut integrity, thereby limiting the potential translocation of microor-
ganisms into the bloodstream, and is thought to favorably modulate stress and the 
systemic inflammatory response, with subsequent diminution of cellular injury and 
attenuation of disease severity [191–194]. Additional benefits of enteral nutrition 
include its role in stress ulcer prophylaxis [2, 68, 191–193] and facilitation of elec-
trolyte replacement.

A MEDLINE and publication search did not produce any trials that directly 
answered the question posed. The search identified two papers on recommendations 
for sepsis management in resource-limited settings [2, 68] and a sepsis guideline 
from Pakistan [69]. Several additional studies and guidelines from resource-rich 
ICUs were identified and are discussed below.

Published guidelines are not consistent on recommendations for the timing and 
amount of enteral feeding. The 2016 Surviving Sepsis guidelines suggest early ini-
tiation of enteral feeding rather than a complete fast or only IV glucose in critically 
ill patients with sepsis or septic shock who can be fed enterally (low quality of evi-
dence) and suggest either trophic/hypocaloric or early full enteral feeding in sepsis 
and septic shock, with advancement of feeds according to tolerance if the former 
strategy is used (moderate quality of evidence) [1]. The 2015 Canadian Clinical 
Practice Guidelines (available at www.criticalcarenutrition.com) recommend con-
sideration of intentional underfeeding of calories (not protein) in patients with low 
nutrition risk, but not high nutrition risk, and recommend against initial trophic 
feeding in ARDS. The 2016 SCCM/ASPEN guidelines recommend either trophic 
or full nutrition by EN in patients with ARDS or an expected duration of ventilation 
of ≥72 h [192].

No trial has specifically addressed early enteral feeding in septic patients. Data 
from a heterogeneous group of critically ill patients has revealed evidence of benefit 
of early enteral (≤48 h) nutrition in reducing infectious complications [191, 193, 
195–200], length of mechanical ventilation [198, 201], and length of ICU and hos-
pital stays [198, 201], with a trend toward decreased mortality [192].

Several guidelines, recommendations, and opinion papers warn against the use 
of early enteral nutrition in hemodynamically unstable patients because of the risk 
of gastrointestinal ischemia [191, 202]. Suggestions regarding the initiation of 
enteral nutrition for resource-limited environments advocate administration as early 
as possible but only after the patient has been adequately resuscitated and is fully 
awake, or if intubated, after hemodynamic function has stabilized [2, 68]. 
Additionally, patients receiving EN should be assessed for the risk of aspiration, and 
steps to reduce this risk should be employed. One small trial in Bangladesh of early 
nasogastric EN in non-intubated patients with malaria and depressed level of con-
sciousness was terminated early because of an increased aspiration risk in the early 
feeding group [203].

Risk factors for aspiration are described (Table 5.4) [192]. The potential associa-
tion of bolus EN with aspiration has been shown [204], and recent guidelines 
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suggest continuous EN for high-risk patients or those intolerant of bolus gastric EN 
[192]. Additional benefits of continuous EN may include fewer interruptions in 
delivery and delivery of an overall greater volume [205–210]. Additional measures 
to limit the risk of aspiration include the use of promotility agents, elevation of the 
head of the bed to 30–45°, chlorhexidine oral care, reduction in the levels of seda-
tion and analgesia, and limiting transportation out of the ICU for diagnostic tests 
and procedures [211]. Measurement of gastric residual volumes has not been shown 
to reduce aspiration risk. Most recent guidelines, commentaries, and reviews rec-
ommend that gastric residuals not be used to monitor ICU patients on EN [202, 
212]. Promotility agents, including metoclopramide (10  mg three to four times 
daily) and erythromycin (3–7 mg/kg per day), have been advocated in resource-rich 
environments in patients at high risk of aspiration. Adverse effects include dyskine-
sia in the elderly with metoclopramide and cardiac toxicity and concerns regarding 
bacterial resistance with erythromycin [192, 202, 213]. This practice may not 
always be feasible in resource-limited environments. Elevation of the head of the 
bed to 30–45° [214, 215] and chlorhexidine oral care [216, 217] have been shown 
to significantly reduce the incidence of pneumonia.

Energy and protein requirements and methods to calculate them in critically ill 
patients have been the subject of much debate. Weight-based formulations are 
regarded as acceptable estimates of nutritional requirements in most critically ill 
patients (criticalcarenutrition.com), based on lack of evidence for indirect calorim-
etry [218–221].

Nutrition encompasses the provision of macronutrients (protein, lipid, carbohy-
drate) and micronutrients (vitamins and minerals/trace elements) (Table  5.5). 
Energy requirements for the critically ill are generally in the range of 25–30 kcal/
kg/day, with protein requirements 1.2–2.0  g/kg/day, with 1.5  g/kg/day generally 
regarded as being appropriate [192, 199, 202, 220, 222]. This calculation is not 
necessarily applicable in obese patients where high-protein, hypocaloric feeding 
has more recently been advocated (2.0–2.5 g protein/kg ideal body weight/day and 
65–70% of caloric requirements) to maintain lean body mass, promote loss of fat 
mass, and improve clinical outcome [192, 202, 223–225]. Vitamins and trace ele-
ments are organic compounds and ions that usually act as cofactors for enzymes 
involved in metabolic pathways or are structurally integral components of enzymes 

Table 5.4 Risk factors for aspiration

Inability to protect the airway Neurologic deficits
Reduced/diminished level of consciousness Age > 70 years
Supine position Inadequate nurse/patient ratio
Presence of nasoenteric enteral access device Gastroesophageal reflux
Mechanical ventilation Transportation out of ICU
Poor oral care Use of bolus intermittent EN

Adapted from [192]
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that may be involved in electron transfer. The provision of antioxidant vitamins and 
trace elements has been associated with improved outcome in several trials [192, 
226–229], but the signal has not been uniform, and a recent systematic review found 
no benefit of selenium [230].

Recommendations for resource-limited environments have suggested that EN be 
administered as early as possible but only after the patient has been fully resusci-
tated, demonstrates the ability to swallow, and is awake, in which case small 
amounts of food and drink may be allowed [2, 69]. The Sepsis Guidelines for 
Pakistan recommend that in basic hospitals (without intensive care backup and with 
general physicians), oral feeding as tolerated should be commenced within 48 h 
instead of only intravenous glucose. They suggest that in intermediate setups (hos-
pitals with level 2 ICUs that are managed by non-intensivists and with access to 
in-house basic laboratory and diagnostic facilities), enteral feeding be considered 
within 48 h of sepsis, starting with 500 kcal/day and gradually advanced as toler-
ated. These guidelines advise against full caloric feed in the first week. In tertiary 
care setups, initiation of EN is recommended within 48 h, with parenteral nutrition 
(PN) alone or to supplement enteral feeding not recommended for the first 7 days of 
a severe infection [69].

Table 5.5 Suggested average daily nutritional requirements for most critically ill patients

Energy requirements 25 kcal/kg
Macronutrients
Protein 1.5 g/kg (1 g protein = 4 kcal)
Carbohydrate 4 g/kg (1 g 

carbohydrate = 3.75 kcal)
Lipid 1 g/kg (1 g lipid/fat = 9.3 kcal)
Electrolytes
Sodium 1–2 mmol/kg
Potassium 1 mmol/kg
Chloride 1–2 mmol/kg
Calcium 0.1 mmol/kg
Magnesium 0.1 mmol/kg
Phosphate 0.1–0.4 mmol/kg
Vitamins
Water-soluble—B complex, folate, vitamin C, vitamin B12

Fat-soluble—A, D, E, K
Trace elements
Iron 10 mg
Zinc 15 mg
Copper 3 mg
Iodine 150 μg
Manganese 5 μg
Chromium 200 μg
Selenium 200 μg

Adapted from [192, 199, 202, 218, 235]
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Type of enteral feed and the selection of an appropriate enteral formulation have 
been the subjects of many investigations. In resource-limited environments where 
commercial feeds may not be available or affordable, hospital-prepared foods may 
be administered to the patient. Recipes may vary according to countries, regions, 
and available ingredients. Recommendations include the administration of milk 
supplemented by cooking oil, salt, sugar, soya, and a multivitamin tablet via a naso-
gastric tube in intubated hemodynamically stable patients [2] to mixtures involving 
eggs, milk powder, soya, maize oil, rice, squash, flour, sugar, and fruit. Mixing these 
foodstuffs in a blender with subsequent administration has been suggested (Towey 
R, Dunser M, Mer M—personal communications) but may result in unpredictable 
levels of both macro- and micronutrients. Where commercially available feeds are 
available, a standard polymeric formula is recommended [192]. These preparations 
contain intact proteins, fats, and carbohydrates (which require digestion prior to 
absorption), in addition to electrolytes, trace elements, vitamins, and fibers, and 
tend to be lactose-free. Commonly used ingredients in these products include the 
casein (protein from milk), soy protein, maize and soya oils, and the carbohydrate 
maltodextrin. In general, a ready-to-use standard feed will contain 1 kcal and 0.04 g 
protein per mL and is usually well tolerated [192].

The utilization and employment of feeding protocols are advocated in several 
guidelines, studies, commentaries, and recommendations. They are associated with 
an increase in the overall percentage of nutrition provided and may also positively 
impact outcome [68, 192, 202, 231–234].

Complications of nutritional support include the refeeding syndrome in patients 
who are severely malnourished or who have undergone a significant period of star-
vation. The mechanism relates to in a loss of intracellular electrolytes in starvation 
or undernutrition, followed by an insulin-mediated influx of electrolytes and thia-
mine into the cells when carbohydrate is provided, which can result in rapid and 
marked reductions in serum levels of phosphate, magnesium, potassium, and cal-
cium. Patients may also develop lactic acidosis. Clinical features include edema, 
diarrhea, neuromuscular abnormalities, seizures, coma, cardiac arrhythmias, and 
respiratory failure. Risk factors for the refeeding syndrome include a BMI of less 
than 18.5 kg/m2; weight loss of greater than 10–15% in the prior 3–6 months; little 
or no nutritional intake for more than 5  days; history of alcohol abuse or drugs 
including insulin, chemotherapy, antacids, or diuretics; and very low levels of phos-
phate, potassium, and magnesium. At-risk patients should be identified, and feeding 
must be commenced slowly. It has been suggested that feeding commence at 
5–10  kcal/kg/day with a gradual escalation over 4–7  days. Electrolytes must be 
closely monitored and replaced. Thiamine and other B vitamins should be given 
intravenously prior to commencing feeding and then daily for at least 3 days [235].

Overfeeding should be avoided as it may be associated with fluid overload, wors-
ening renal function, hyperglycemia, hyperlipidemia, fatty liver, and hypercapnia 
(particularly with excess carbohydrate administration) with delayed weaning from 
mechanical ventilation more difficult. It has also been associated with a less favor-
able outcome [202, 235].
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Enteral feeding is feasible, readily available, and can be made affordable. 
Parenteral nutrition is generally not available. Patients should be adequately resus-
citated, hemodynamically stable, and caution exercised to limit the possibility of 
aspiration. Where commercial feeds are not available, hospital-prepared foods may 
be administered. Non-intubated patients, in whom oral feeding is to be initiated, 
should be awake and able to swallow. Steps in the care of the patient fed enterally 
with a gastric tube may be remembered using our coined acronym “COPE” and 
include continuous infusion, oral care with chlorhexidine, prokinetic agent use (as 
needed and where feasible), and elevation of the head of the bed (30–45°).

After reviewing the evidence (no additional trials from low-resource ICUs) and 
considering availability, feasibility, affordability, and safety, our recommendations 
are consistent with the Surviving Sepsis guidelines, except when noted. We make no 
recommendations regarding PN due to general lack of availability and therefore 
relevance to resource-limited ICUs. We suggest early enteral feeding as tolerated in 
patients with sepsis and septic shock (low quality of evidence). Additional consid-
erations include starting oral or enteral intake within 24–48 h in adequately resusci-
tated and hemodynamically stable patients, taking measures to reduce the risk of 
aspiration, and being aware of the refeeding syndrome in the first few days follow-
ing EN initiation in severely malnourished or starved patients. The risk of aspiration 
may be increased in enterally fed non-intubated comatose patients with inadequate 
nursing supervision. We suggest either early trophic/hypocaloric or early full enteral 
feeding in critically ill patients with sepsis or septic shock; if trophic/hypocaloric 
feeding is the initial strategy, then feeds should be advanced according to patient 
tolerance (moderate quality of evidence). We suggest advancing feeds over the first 
week of ICU stay and note that many patients in low-resource ICUs would be 
expected to be at high nutrition risk and therefore to benefit from full enteral feed-
ing. We suggest establishing the energy and protein requirements to determine the 
goals of nutrition therapy using weight-based equations (low quality of evidence). 
This recommendation is consistent with the 2015 Canadian Clinical Practice 
Guidelines (available at www.criticalcarenutrition.com), which makes no recom-
mendation on indirect calorimetry vs. predictive equations. We suggest a feeding 
protocol to optimize delivery EN (moderate quality of evidence). This recommen-
dation is consistent with the 2015 Canadian Clinical Practice Guidelines (available 
at www.criticalcarenutrition.com).

5.9  Dialysis in Patients with Sepsis-Induced Acute Kidney 
Damage in Resource-Limited ICUs

Although population-based data on the burden of acute kidney injury (AKI) are 
sparse, acute and chronic renal failure have been estimated to account for approxi-
mately 3% of all deaths in India [236], and AKI likely contributes to a much higher 
proportion of deaths from sepsis. In low-resource rural settings, community- 
acquired AKI is more common than hospital-acquired AKI in medically complex 
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patients and typically affects young previously healthy patients who develop this 
complication after obstetrical crisis, trauma, poisoning, or sepsis. Many patients 
with these conditions present late to hospital with established AKI that does not 
improve with resuscitation [237], raising the importance of renal replacement ther-
apy for these conditions as a bridge to recovery. Logistical barriers to the deploy-
ment of IHD in these settings include lack of reliable electricity and water supply. 
In contrast, gravity-based PD can be implemented and in theory is more sustainable 
because of the requirement for consumables only.

No recent trials of IHD vs. PD in sepsis were identified in a search of recent 
MEDLINE references (2012–2016). One trial compared high-volume peritoneal 
dialysis to extended daily dialysis in ICUs in two Brazilian hospitals [238]; nearly 
half the enrolled patients had sepsis. Results of the intention-to-treat analysis were 
not reported, and treatment groups did not appear well-matched at baseline; overall 
mortality was 64% and did not differ between groups. The search also revealed 
several observational studies of adults [239–245] or children [242, 245–248] treated 
with PD or HD, including one study of CRRT under combat conditions [249]. 
Among these studies, the median mortality was 30%. Several commentaries have 
described the Saving Young Lives program of the International Society of 
Nephrology [250–252], designed to establish sustainable acute PD programs in 
very low-resource settings. Preliminary data describe 175 patients treated over 
33 months in 8 hospitals in Africa and Asia, with one-third of patients surviving to 
discharge with normal renal function [253].

Surviving Sepsis guidelines make no recommendations about the modality of 
renal replacement in septic patients [1]. A prominent early trial from a single center 
in Vietnam showed that continuous hemofiltration vs. peritoneal dialysis reduced 
mortality in patients with severe acute kidney injury due to infection (malaria or 
sepsis) [254]. More recently, a systematic review and meta-analysis [255] included 
seven cohort studies and four trials of IHD vs. PD; the trials were conducted in 
middle-income countries (Nigeria, India, Brazil, and Vietnam), and the observa-
tional studies were conducted in high- or middle-income countries. The risk of bias 
of the trials was not described in detail, although all scored 3 or below on the 5-point 
Jadad scale, and therefore could be considered as low quality. The quality of the 
observational studies was not assessed. Meta-analyses showed no difference in mor-
tality (OR in trials 1.50, 95%CI 0.46–4.86; OR in observational studies 0.96, 95%CI 
0.53–1.71).

Recent literature has emphasized the high potential for feasible and cost- effective 
widespread deployment of PD to very low-resource settings, notwithstanding chal-
lenges of patient selection, ongoing training, and program sustainability [253].

Our recommendation is not informed by the Surviving Sepsis guidelines. We 
suggest that patients with sepsis-induced AKI requiring renal replacement therapy 
be supported with PD in centers with no current access to renal replacement therapy 
(very low quality of evidence; case series only).

Remark: In centers with functioning IHD programs, we suggest that this modal-
ity continue to be used.
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5.10  Fluid Strategies in Patients with Sepsis in Resource- 
Limited ICUs

Sepsis is traditionally treated with large volume fluid resuscitation, which frequently 
causes accumulation of bodily fluids. However, numerous studies have demon-
strated that a positive fluid balance is independently associated with organ dysfunc-
tion and decreased survival [256–261]. Achieving a negative fluid balance, or 
“de-resuscitation,” could improve organ function and outcome of critically ill 
patients [262, 263].

The MEDLINE search did not find trials of “de-resuscitation” from resource- 
limited ICUs. The search, however, identified one recent systematic review includ-
ing trials and observational studies that collectively enrolled a broad population of 
patients and compared “conservative” to “nonconservative” fluid strategies [264]. 
We also discuss one trial of fluid strategies in patients with ARDS [263].

The 2016 Surviving Sepsis guidelines contain recommendations pertaining to 
initial resuscitation, but do not address fluid management beyond that phase [1].

The best evidence that “de-resuscitation” may improve outcomes of critically ill 
patients comes from a randomized controlled trial in 1000 patients with ARDS 
[263]. In this trial, a “conservative” and a “liberal” strategy of fluid management 
using complex but explicit protocols were compared in patients not in shock. In this 
factorial trial, patients were also randomized to pulmonary artery vs. central venous 
catheterization. The mean cumulative fluid balance during the first 7 days was sig-
nificantly more positive in the “liberal” strategy group (6992  ±  502  mL versus 
−136 ± 491 mL). While the difference in mortality at 60 days (25.5 vs. 28.4%) was 
not statistically significant, the “conservative” strategy improved oxygenation and 
lung function and increased the number of ventilator-free days (14.6  ±  0.5 vs. 
12.1 ± 0.5 days) as well as the number of ICU-free days (13.4 ± 0.4 vs. 11.2 ± 0.4 days) 
during the first 28 days. Notably, while the “conservative” strategy did not increase 
the incidence of shock during the study or the use of dialysis, it did result in higher 
levels of blood urea nitrogen, bicarbonate, hemoglobin, and albumin. Also, there 
were no significant differences in the number of failure-free days for other organs 
other than the lung. Of note, although most patients in this trial met the criteria for 
sepsis, it is unclear whether a “restrictive” strategy will have similar beneficial 
effects when given to septic patients (i.e., in the absence of ARDS).

Trials comparing “conservative” with “liberal” strategy of fluid management in 
patients with sepsis are lacking. One recently published systematic review [264], 
including observational studies or trials (often testing interventions other than fluid 
strategies), showed that the cumulative fluid balance after 1 week of ICU stay was 
4.4 L more positive in non-survivors compared to survivors. A “conservative” fluid 
strategy resulted in a less positive cumulative fluid balance of 5.6 L after 1 week of 
ICU stay, which was associated with a lower mortality compared to patients treated 
with a more liberal fluid management strategy (odds ratio, 0.42 [0.32–0.55]). It 
should be noted, however, that this systematic review included studies of a broad 
population of patients (including elective surgical patients) and did not report the 
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most unbiased analysis possible, i.e., of outcomes in trials of patients randomized to 
conservative vs. liberal fluid strategies.

It should be noted that the explicit protocols for fluid management in the trial in 
ARDS patients [263] were quite complex. At least every 4 h, patients were assigned 
to 1 of as many as 20 protocol cells on the basis of 4 variables: central venous pres-
sure or pulmonary artery occlusion pressure, the presence or absence of shock (a 
mean systemic arterial pressure <60 mmHg or the need for a vasopressor), the pres-
ence or absence of oliguria (less than 0.5 mL/kg/h), and the presence or absence of 
ineffective circulation (cardiac index of less than 2.5 L/min/m2 or cold, mottled skin 
with a capillary refilling time of more than 2 s), with each cell being associated with 
an intervention and a reassessment interval. Apart from this complex approach, the 
4-hourly reassessment and the need for a central venous catheter or pulmonary 
artery catheter could hamper feasibility and affordability in resource-limited ICUs.

Our recommendations are not informed by the Surviving Sepsis guidelines. We 
suggest conservative fluid administration in patients with sepsis who are not in 
shock (low quality of evidence; indirect evidence from trials in other forms of criti-
cal illness). Conservative fluid administration requires development of a protocol 
(e.g., incorporating shock, oliguria, jugular venous pressure, capillary refill; see ref-
erence [265] for a sample resuscitation protocol incorporating some clinical signs). 
The protocol should specify the timing of re-evaluation between fluid interventions 
determined by patient stability. No de-resuscitation protocol has been tested in low- 
resource ICUs. The role of pressure monitoring via a central venous catheter to 
direct resuscitation and de-resuscitation is contentious [266, 267]. Conservative 
fluid administration may be associated with higher levels of blood urea nitrogen, 
bicarbonate, hemoglobin, and albumin.
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