J.Gynecol. Obstet. 2020, 32, N.3

ORIGINAL ARTICLE

Italian Journal of

Gyneacology & Obstetrics

September 2020 - Vol.32 - N. 3 - Quarterly - ISSN 2385 - 0868

Maternal sepsis: a comprehensive review from definition to treatment

C. Simonetto!, S. Garzon? A. S. Lagana? R. Raffaelli’, A. Cromi?, S. Uccella®, F. Ghezzi*, M. Franchi’

'Department of Obstetrics and Gynaecology, AOUI Verona, University of Verona, Verona, Italy

*Department of Obstetrics and Gynaecology, Filippo Del Ponte Hospital, University of Insubria, Varese, Italy

*Department of Obstetrics and Gynaecology, Infermi Hospital, Biella, Italy

ABSTRACT

Maternal mortality is a worldwide alarming concern, and sep-
sis is the third most frequent cause for its occurrence. Pregnan-
cy and the postpartum period are an intrinsically vulnerable
period during women’s life, which may make the mothers
more susceptible to develop sepsis, due to the physiologi-
cal and immunological changes that regulate host capacity
to counteract pathogens infection, such as bacteria, viruses,
fungi, and protozoa. The physiological adaptations of preg-
nancy could additionally mask signs and symptoms of infec-
tion and limit the sensitivity and specificity of the available
scores. On this basis, the obstetric-modified quick SOFA and
the Modified Early Warning System were proposed to over-
come these issues. Early recognition and treatment are vital
to prevent mortality. Nevertheless, the evidence guiding the
current management of maternal sepsis are derived from the
general population and do not take into account the physio-
logical changes of pregnancy. In pregnant women early fluid
resuscitation should be carefully addressed, and the manage-
ment of the source of infection may require expedite delivery,
making the management of sepsis particularly challenging
during gestation. Further studies are needed to establish preg-
nancy-related diagnostic criteria and therapeutic protocols for
sepsis and septic shock in the obstetrical population.
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SOMMARIO

La mortalita materna ¢ indubbiamente un problema di rilevan-
za globale e la sepsi ne rappresenta la terza causa per frequen-
za. Durante la gravidanza e nel post-partum la donna & pitt
suscettibile allo sviluppo della sepsi, in quanto i cambiamenti
fisiologici e immunologici modulano la capacita dell’ospite di
contrastare le infezioni da agenti patogeni, come batteri, virus,
funghi e protozoi, rendendo le madri pitt vulnerabili. Ques-
ti adattamenti fisiologici possono inoltre mascherare segni
e sintomi di infezione e limitare la sensibilita e la specificita
degli score diagnostici disponibili, motivo per il quale ¢ stato
proposto il quick-SOFA ostetrico e il Modified Early Warning
System. Il riconoscimento e il trattamento precoce sono vitali
per ridurre la mortalita legata alla sepsi. Tuttavia, le eviden-
ze su cui si basa la gestione della sepsi materna sono ricavate
dalla popolazione generale, che non tiene conto del cambia-
mento fisiologico della gravidanza, quando la rianimazione
emodinamica precoce deve essere affrontata con attenzione
e la gestione della fonte di infezione pud richiedere l'esple-
tamento in tempi brevi del parto, rendendo particolarmente
difficile la gestione della sepsi in ostetricia. Pertanto, sono nec-
essari ulteriori studi per definire chiaramente i criteri diagnos-
tici e i protocolli terapeutici per la sepsi e lo shock settico nella
popolazione ostetrica.
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INTRODUCTION

According to the latest declaration of the World
Health Organization (WHO), maternal mortali-
ty still represents a an alarming issue worldwide
(1). Maternal mortality is defined as the death of a
woman by any cause related to or aggravated by
pregnancy or its management, during pregnancy
or within 42 days from delivery or termination of
pregnancy. Deaths from incidental or accidental
causes are excluded (2).

From 1990 to 2015, the global maternal mortality
rate of 43.9% declined with a 2.3% annual reduc-
tion rate. In particular, the most relevant reduc-
tion of maternal mortality rate has been observed
in Eastern Asia, while in the Caribbean the slow-
est decrease was registered. The only exception
to this trend is represented by the United States
(US), where a concerning 75% increase in maternal
mortality was recorded in the last 25 years (3-5).
In terms of deaths per livebirth, the lowest rate of
maternal deaths occurred in developed countries,
while the highest in sub-Saharan countries (1).
More than 99% of the women who die from preg-
nancy-related complications are in low and mid-
dle-income countries (6).

The causes of maternal death are historically clas-
sified in direct (obstetric complications of preg-
nancy) and indirect (disease previously existing or
developed during pregnancy, that are aggravated
by the physiological effects of pregnancy) causes,
leading to give lower attention to indirect causes of
maternal death than direct ones (7). Nevertheless,
in 2006 the first systematic review of the literature
showed that the main cause of global maternal
deaths in developing countries was haemorrhage
(which accounted for 27% of maternal deaths), fol-
lowed by hypertensive disorders (8-10), and sepsis
(14% and 7% respectively) (11,12).

Sepsis is an indirect cause and is defined as a clin-
ical syndrome caused by the excessive activation
of immune and coagulation systems by infec-
tions (13). Infection is currently the leading indi-
rect cause of maternal death in the United States
and the second leading cause in the United King-
dom. In detail, pregnancy-associated severe sepsis
(PASS) increased by 236% from 2001 to 2010 and
still represents a problem of global concern (14).
Therefore, the early recognition and treatment of
maternal sepsis, such as any other pregnancy-re-
lated infection, should become a priority for ob-
stetricians and for every health practitioners (15).

C. Simonetto, S. Garzon, A. S. Lagani, R. Raffaelli,
A. Cromi, S. Uccella, F. Ghezzi, M. Franchi

In the last years there were many attempts to find
consensus about a new definition of maternal sep-
sis, with the aim to provide an easier and earlier
diagnosis and a consequent more accurate man-
agement of patients.

The purpose of this review is to evaluate and com-
pare the most recent definitions and guidelines for
obstetric sepsis, trying to provide a global over-
view improving early diagnosis and adequate
management. In addition, we describe the most
important risk factors for sepsis in pregnancy and
puerperium.

DEFINITIONS AND NEW GUIDELINES
FOR DIAGNOSIS

The historical definition of sepsis by the American
College of Chest Physicians (ACCP) and the So-
ciety of Critical Care Medicine (SCCM) from the
early nineties appears nowadays obsolete (16,17)
(table I).

In 2001, a group of experts revised the 1992 sep-
sis-consensus definition and found that, apart from
expanding the list of signs and symptoms related
to sepsis, there was no evidence to support any
change in this classification. In addition, the PIRO
scheme for hypothesis-guided diagnosis of sepsis
was introduced. The intention was to stratify pa-
tients considering their predisposing conditions,
the nature of the original cause (infection), the na-
ture and level of the host response, and the degree
of concomitant organ dysfunction (18).

In 2013, the SCCM and the European Society of
Intensive Care Medicine (ESICM) organised a task
force to assess revised definitions, that were pub-
lished at the Third International Consensus Defi-
nitions for Sepsis and Septic Shock (Sepsis-3) (19).
The consequence was the elimination of the terms
“sepsis syndrome”, “septicaemia”, and “severe
sepsis”. The underlining reason was that, accord-
ing to the new definitions, sepsis was triggered
by infection. This pathophysiological consider-
ation lead to remove the systemic inflammatory
response syndrome (SIRS) from the classification
of sepsis, since a number of conditions other than
infection may cause SIRS. Consequently, according
to the latest Sepsis-3 statements, sepsis was de-
fined as a life-threatening organ dysfunction due
to a dysregulated host response to infection (20).
Therefore, the Sepsis-3 definition of “sepsis” cor-
responded to severe sepsis contained in previous
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Table I.  Historical and most recent definitions of sepsis.
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Society Year Definitions

ACCP/SCCM 1992

+ Systemic inflammatory response syndrome (SIRS): inflammatory response to severe clinical insult

defined by the presence of two or more of the following symptoms:
« Temperature >38 °C or <36 °C

« Heart rate >90/min

+ Respiratory rate >20/min or PaCO2 <32 mmHg

+ White blood cells count >12000/dL or <4000/dL or >10% immature forms

« Sepsis: SIRS with evidence of infection

- Severe sepsis: Sepsis with signs of organ dysfunction, hypoperfusion or hypotension

- Septic shock: Sepsis with persistent hypotension despite adequate fluid resuscitation or need for
inotropic or vasopressor agents

SCCM/ESICM/ACCP/ATS/SIS 2001
symptoms

No essential change in definitions. PIRO scheme for guiding diagnosis with expanded list of signs and

SCCM/ESICM - Sepsis-3 2014-2015

- Sepsis: a life-threatening organ dysfunction due to a dysregulated host response to infection. Severity

of organ dysfunction is assessed using SOFA score.
« Septic shock: Sepsis with persistent hypotension requiring vasopressors to maintain mean arterial
pressure (MAP) > 65 mmHg and a serum lactate level >2 mmol/L (18 mg/dL)

WHO 2016
pregnancy or postpartum

Maternal sepsis is a life-threatening condition defined as organ dysfunction which occurs during

ACCP: American College of Chest Physicians. SCCM: Society of Critical Care Medicine. ESICM: European Society of Intensive Care Medicine. ATS: American Thoracic Society. SIS:

Surgical Infection Society. WHO: World Health Organization.

consensus statements, as well as septic shock was
described as sepsis with persistent hypotension
needing vasopressors to maintain a mean arterial
pressure (MAP) > 65 mmHg, and a serum lactate
level >2 mmol /L (18 mg/dL).

The most recent sepsis definition is provided by
WHO in 2016 (21). These new guidelines are in line
with previous definition from Sepsis-3, but with the
goal to point the attention to a more time effective
and appropriate antimicrobial therapy and fluid
support. Moreover, the perspective to include lab-
oratory tests among the diagnostic criteria seems
to offer new possibilities for the future definitions.
As a result of the lack of gold-standard laboratory
tests for sepsis diagnosis, the Sequential (Sepsis-re-
lated) Organ Failure Assessment (SOFA) score was
introduced to better describe severity of organ dys-
function and to predict in-hospital mortality (22)
(table II). The SOFA score was introduced in 1994
during the ESICM conference in Paris, with the
intention not to predict outcome but to describe a
sequence of complications. According to the Sep-
sis-3 new statements, organ dysfunction is deter-
mined by an acute change in total SOFA score of 2
points, resulting from the disseminating infection.
Furthermore, unless patient has a pre-existing or-
gan dysfunction, baseline SOFA score should be
assumed to be zero.

Since calculating SOFA score outside of the Inten-
sive Care Unit (ICU) may be not simply, the quick
SOFA (qSOFA) was created to have a faster and
easier method of evaluation (23,24). However, the

qSOFA score does not define sepsis; it is intended
to rapidly recognise those patients at high risk for
developing severe complications and who need a
more robust treatment. The qSOFA score evaluates
altered mental status, tachypnoea and hypoten-
sion, and it ranges between 0 and 3 points (table
III). A total score of 2 points in infected patients
is predictive of a greater risk of poor outcome,
especially if calculated outside the ICU. Among
non-ICU patients with suspected infection, qSO-
FA has a predictive validity for in-hospital mor-
tality that is greater than the one related to the full
SOFA score and to SIRS definition (area under the
receiver operating characteristic curve -AUROC-
0.81 for qSOFA vs AUROC 0.79 for SOFA score
vs AUROC 0.76 for SIRS). Otherwise, in the ICU
the predictive validity for in-hospital mortality is
lower if qSOFA and SIRS definition are used, com-
pared to the full SOFA score (AUROC for qSOFA
0.66 vs AUROC for SIRS 0.64 vs AUROC for SOFA
score 0.74) (25).

Considering that neither the existing sepsis defini-
tions nor the current scores account for the typi-
cal physiologic changes of pregnancy, in 2017 the
Society of Obstetric Medicine Australia and New
Zealand (SOMAZ) proposed an obstetric-modified
qSOFA (omqSOFA) (26). Because gestation influ-
ences some variables of the full SOFA score and of
the qSOFA score, such as systolic blood pressure
(which usually decreases of 5-10 mmHg during
pregnancy), respiratory frequency, and creatinine
level (which is significantly lower during pregnan-
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Table II. SOFA score.
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SOFA SCORE +0 +1 +3 +4

Respiration > 400 <400 <300 <200 <100

Pa02/Fi02, mmHg with respiratory support with respiratory support

Coagulation > 150 <150 <100 <50 <20

Platelets x 103/mm?

Liver <12 1.2-19 2.0-5.9 6.0-11.9 >12.0

Bilirubin, mg/dl (<20) (20-32) (33-101) (102-204) (204)

(umol/L)

Cardiovascular MAP > 70 MAP < 70 Dopamine <5 Dopamine > 5 Dopamine > 15

Hypotension mmHg mmHg or dobutamine or epinephrine < 0.1 or epinephrine > 0.1
(any dose) * or norepinephrine or norepinephrine

<0.1 >0.1

Central nervous system 15 13-14 10-12 6-9 <6

Glasgow Coma Score

Renal <12 12-19 2.0-34 35-49 >5.0

Creatinine, mg/dl (umol/L) (<110) (110-170) (171 -299) (300 - 440) (> 440)

or urine output or < 500 ml/day or <200 ml/day

* Adrenergic agents administered for at least 1 h (doses given are in pg/kg/mamin).

Table III. Quick SOFA score.

Table IV.  Obstetric-modified gSOFA (omqSOFA).

Clinical signs Score Clinical signs Score 0 Score +1
Respiratory rate > 22 breaths per minute +1 Respiratory rate < 25 breaths > 25 breaths
Systolic Blood Pressure (SBP) < 100 mmHg +1 per minute per minute
Any change in mental status (GCS <15) 1 Systolic Blood Pressure > 90 mmHg <90 mmHg
GCS: Glasgow Coma Scale. (S8P)
Altered mental status *  Alert Not alert

cy), the omqSOFA includes parameters adapted
for the pregnant status. According to this modi-
fied score, maternal sepsis should be considered
when 2 or more abnormal parameters are present,
like systolic blood pressure <90 mmHg, respirato-
ry rate > 25/min, and altered mental status (table
IV). Moreover, SOMANZ guidelines also include
some changes in laboratory test ranges of the full
SOFA score (for example, creatinine level is consid-
ered abnormal above a cut off of 1.02 mg/dL). The
effort of SOMANZ guidelines is to reduce the rate
of false-positive diagnosis caused by overlapping
ranges between normal and abnormal parameters
in pregnancy, and to avoid the underestimation of
sepsis signs.

EPIDEMIOLOGY

Sepsisis a very threatening occurrence during preg-
nancy worldwide (27-29). Since there is no global
agreement about its diagnosis and definition, the
incidence and prevalence of sepsis provided by
different studies and societies seem inaccurate

* GCS is not typically assessed as part of routine clinical management in obstetric
wards.

(30,31). Moreover, lack of data from low-income
countries makes the incidence in that regions even
more difficult to be determined (32).

What is unquestionable is that sepsis mortality
is currently still increasing, especially and sur-
prisingly, in developed countries like UK and
The Netherlands, where deaths caused by sepsis
have nearly doubled over the past decade due to
increasing infections caused by invasive group A
streptococcus (33). In particular, UK absolute risk
of death from maternal sepsis is relatively low
(2.0/100 000 pregnancies), but the total amount of
severe morbidity is nearly 50 times higher (34). The
UK Obstetric Surveillance System (UKOSS), that
retrieves data from obstetric departments about
maternal deaths occurring in the ICUs (35), reports
that sepsis represents the cause of 2-6% of mater-
nal ICU admissions, confirming the great impact
of infections and their consequences in maternal
morbidity (36,37). Nevertheless, recent studies
have shown an under-reporting of sepsis-related
maternal deaths, due to the lack of clinical audit
or confidential enquiries (34). Actually, only few
countries have such a monitoring system acting
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as a maternal mortality surveillance method and
providing essential statistical data. Other than the
UK, clinical auditing after every adverse event is
offered also in Finland, France, the Netherlands,
Slovenia, Australia and South Africa (38).
Furthermore, it is important to point out that
37.5%, 25.5% and 24.1% of pregnancy-associated
sepsis happen during hospitalization for labour
and delivery, the antepartum period and the post-
partum, respectively (30).

RISK FACTORS FOR MATERNAL SEPSIS

Pregnancy and postpartum represent an intrinsi-
cally vulnerable period during women's life, which
may make mothers more susceptible to develop
sepsis. Physiological and immunological changes
during pregnancy have an impact on the immune
response (especially T-cell mediated immunity),
modifying the host capacity to counteract patho-
gens infection, such as bacteria, viruses, fungi, and
protozoa (as in the case of dengue, yellow fever,
Ebola, and malaria) (39-42). Moreover, physiolog-
ical adaptations to pregnancy, such as plasma vol-
ume expansion, tachycardia, blood hypercoagula-
tion, and lower oxygen reserve could mask signs
and symptoms of infection, thus delaying sepsis
diagnosis (43).

Onset of labour is known to alter physical antimi-
crobial barriers and caesarean section has frequent-
ly been shown to be a major risk factor for maternal
morbidity, increasing the risk of developing severe
infection such as endometritis (44—48). Indeed, en-
dometritis, in association with pyelonephritis and
chorioamnionitis, is the most significant cause of
septic shock in pregnancy (49).

In developed countries, well-known risk factors
for sepsis are prolonged rupture of membranes,
retained placenta or conception products, preterm
labour, history of pelvic or other infection, inter-
ventions like cerclage or multiple vaginal exam-
inations, diabetes, and anaemia (50,51). Maternal
age over 35 years (52) and assisted reproductive
techniques (53,54) can also increase risk of sep-
sis-related morbidity (17). Obesity, defined as a
body mass index (BMI) > 30, is as well an estab-
lished risk factor for surgical-site and nosocomial
infections; it seems to negatively influence preg-
nancy-related outcome and to have substantial ef-
fects on immune surveillance (55,56). It is usually
associated with poor wound healing, mainly after
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caesarean section, and genitourinary and uterine
infections (57,58). What is alarming is that obesity
rate is rapidly increasing in UK and in other devel-
oped countries, affecting also young women. In the
mid-2000s, nearly 20% of pregnant women in UK
were obese, and among extremely obese patients,
almost 50% underwent caesarean sections. It is im-
portant to underline that 33% of maternal deaths
correlated to sepsis occurring in UK between 2003
and 2005 were in obese pregnant women (59). At
the same time, new studies revealed that bariatric
surgery represents a risk for pregnant women who
underwent this kind of operation before gesta-
tion. For example, previous gastric bypass, which
is the most performed procedure in US, has been
demonstrated to increase the risk of gastrointesti-
nal complications which could led to sepsis during
the antepartum period. In addition, whilst bariat-
ric surgery is not itself an indication for caesarean
section, rates of caesarean delivery seem higher
than average in women who had prior bariatric
surgery, similarly to other extensive bowel surger-
ies (60-62).

By contrast, analysing the literature about mater-
nal mortality from sepsis in low-income countries,
the most relevant independent risk factor is pover-
ty. Indigence results in a lack of healthcare facilities
and appropriate resources, such as antibiotics and
medications, and makes women give birth to their
children in unhygienic conditions and without
proper obstetrics assistance. Immunosuppression
caused by HIV and chronic infections like tuber-
culosis also play a key role in increasing the risk of
severe superinfections during the postpartum pe-
riod. As a result of these data, targeting the inter-
ventions towards the most vulnerable populations
appears essential, as well as monitoring govern-
ments’ actions to reduce the disparity of maternal
death (50,63).

MANAGEMENT

The diagnosis and management of sepsis are par-
ticularly challenging during gestation and the post-
partum period due to the physiological changes in-
duced by pregnancy. The increase in blood volume
and consequently in stroke volume and heart rate,
as well as the increment in tidal volume (more ev-
ident in the first trimester) and in systemic vasodi-
latation, allow pregnant women to longer compen-
sate before clinical deterioration become evident.
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Changes in coagulation, fibrinolysis and blood cells
count also play a key role in sepsis diagnosis retar-
dation (49,64). On the other hand, the reduction in
the expiratory reserve volume and functional re-
sidual capacity, and the decreased venous blood re-
turn (mainly occurring in the last trimester), reduce
the ability of pregnant women to cope with chronic
and acute stress deriving from sepsis (65).
Recently, many societies tried to provide early
score systems to facilitate timely recognition of
septic disease, such as Modified Early Warning
System (MEWS) (66). Unfortunately, these scoring
systems were found unsuitable to be applied in the
obstetric population, because they do not consider
maternal physiological changes which can mimic-
ry sepsis initial signs (67). Between 2003 and 2005,
the triennial Confidential Enquiry into Maternal
and Child Health (CEMACH) report strongly rec-
ommended the routine use of the Modified Early
Obstetric Warning System (MEOWS), a scoring
system adapted for the obstetric population (68—
71). Meanwhile MEOWS was introduced in UK,
in the US the National Council for Patient Safety
proposed the use of the maternal early warning
criteria (MERC) (72), another scoring system ded-
icated to obstetrics population, as well as the Ma-
ternal Early Warning Trigger (MEWT) screening,
a pathway-specific tool that supported the recom-
mendations from The Joint Commission and other
relevant societies (73). MEWT system differs from
MEOWS and MERC because it was developed to
recognize the 4 major causes of maternal mortal-
ity which are sepsis, cardiovascular disease, pre-
eclampsia and haemorrhage. Even if many were
the efforts from different societies and working
groups to develop and refine the maternal early
warning scores, no universally scoring system has
currently been validated, and no clinical trial has
still assessed the impact of the use of such scor-
ing systems on mortality reduction (74). Actually,
these scores need further implementation to im-
prove their capacity to early detect signs of early
sepsis and consequently identify the risk of wom-
en clinical deterioration.

In the past decades, the Society of Critical Care
Medicine and the European Society of Intensive
Care Medicine proposed a collaboration which
resulted in 2002 in the institution of the Surviv-
ing Sepsis Campaign (SSC) (75). The goal was the
reduction of sepsis mortality rate by 25% in five
years. In doing so, according to the most recent
available evidence, the SSC periodically published
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guidelines with the newest updates and recom-
mended the use of care bundles in the clinical
practice (76). Sepsis care bundles are a group of
the best evidence-based interventions that, when
implemented, provide an impact greater than any
single intervention alone and give maximum out-
come benefit (77). The Royal College of Obstetri-
cians and Gynaecologists (RCOG) endorses the use
of the care bundles in the management of sepsis,
showing evidence of greater survival rate follow-
ing this guidance (78,79). In the US, sepsis bundles
approach showed also a substantial cost saving,
since the hospitals could save up to $5000/ patient
using these kind of interventions (80).

The first Surviving Sepsis Campaign (SSC) guide-
line was published in 2004 and later revised in
2008, in 2012 and updated in 2016. Lastly, in 2018
a revised “hour-1 bundle” was settled (75,81-84).
According to the first bundles from 2004, each rec-
ommendation carries a level of evidence (grades A,
B, C, or D) that represents a grade of recommen-
dations, assessment, development, and evaluation
(GRADE). Initially, two sets of bundles were de-
scribed: the group of the resuscitation bundles and
the management ones, which were to be respec-
tively accomplished within 6 hours and 24 hours
from patient presentation (75,85) (table V).

The intent of the first bundles is to provide car-
diorespiratory resuscitation and slow down the
spread of infection. Resuscitation necessitates
the use of intravenous fluids and vasopressors,
and the use of oxygen therapy and mechanical
ventilation, if necessary (86). The following SSC
guidelines revised bundles criteria so that they at
present include part of the original 6 hours bun-
dles divided into two groups, the first is to be
completed within 3 hours, the second one with-
in 6 hours. The original 24 hours-management
bundles were no longer recommended (85,87). In
2018, the latest SSC-bundles’ revision combined
the 3 hours and the 6 hours bundles into a single
“hour-1 bundle”; the intention was the immediate
starting of resuscitation and sepsis management.
In this way, the concept of “time zero or time of
presentation” was introduced to refer to the mo-
ment that patient access and receive triage con-
sistent with all sepsis or septic shock’s element
determined through chart review (84).

Finally, it is important to mention that obstetric
population was not specifically considered when
establishing SSC guidelines and sepsis bundles,
which refer to the general population.
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Table V. Original bundles based on the 2004-Surviving Sepsis Campaign guidelines and latest bundles from the 2016-Surviving Sepsis Campaign and

2018-revised bundles.

2004-Surviving Sepsis Campaign Bundles:
Resuscitation Bundles (to be completed within 6 h)
- Measure serum lactate concentration
Obtain blood cultures before antibiotic therapy administration

Provide broad spectrum antibiotic within 3 h of emergency department (ED) admission and within 1 h of non-ED admission

If hypotension and/or serum lactate > 4 mmol/L:

- Administer an initial minimum of 20 mL/kg of crystalloid or equivalent

- Give vasopressors for non-responsive hypotension to maintain MAP > 65 mmHg
If persistent hypotension despite fluid resuscitation (septic shock) and/or lactate > 4 mmol/L:

- Achieve a CVP = 8 mmHg
- Achieve a ScvO, > 70% or mixed SvO, > 65%
Management Bundles (to be completed within 24 h)

Administer low-dose steroids for septic shock in accordance with a standardized ICU policy. If not administered, document why the patient did not

qualify for low-dose steroids based on the standardized protocol

Administer rhAPC in accordance with a standardized ICU policy. If not administered, document why the patient did not qualify for rhAPC

Maintain serum glucose = 70, but < 150 mg/dL
Maintain a median IPP < 30 cmH,0 for mechanically ventilated patients

2016-Surviving Sepsis Campaign Bundles:

Resuscitation Bundles (to be completed within 3 h):
Measure lactate level
Obtain blood cultures before antibiotic therapy administration
Provide broad spectrum antibiotics

Administer 30 mL/kg crystalloid over the first three hours for hypotension or lactate = 4 mmol/L

Resuscitation Bundles (to be completed within 6 h)

Give vasopressors (for hypotension that does not respond to initial fluid resuscitation) to maintain a MAP > 65 mmHg
If persistent hypotension (MAP <65 mmHg) despite volume resuscitation (septic shock) or if initial lactate =4 mmol/L, re-evaluate volume status and

tissue perfusion and document findings
Re-measure lactate if initial lactate elevated

Management Bundles (to be completed within 24 h) no longer recommended

2018-updated Sepsis Bundles:

Resuscitation Bundles (the 3-h and 6-h bundles combined into a single 1-h bundle)

Same bundles as previously described in 2016 by SSC

MAP: mean arterial pressure. CVP: central venous pressure. ScvO2: central venous oxygen saturation. SvO2: venous oxygen saturation. rhAPC: recombinant human activated

protein C. IPP: inspiratory plateau pressure.

Lactate levels

New SSC guidelines emphasized the importance
of spot and serial lactate testing and suggested
that they should be extended to the inpatient set-
ting. Hypoxia is a well-known cause of increasing
lactate levels, which have been demonstrated to
be associated with significant morbidity and mor-
tality (88). The explanation in lactate increase is
that, during hypoxic conditions like septic shock,
mitochondrial oxidative phosphorylation fails
and shifts to anaerobic glycolysis that sharply in-
creases cellular lactate production. Usually lactate
levels of less than 2 mmol /L at least 2 hours apart
are considered to be normal and evidence of ade-
quate tissue oxygenation (89). If initial lactate lev-
el is found to be > 2mmol/L, it should be repeated
within 2-4 hours to guide resuscitation manoeu-
vre with the goal of lactate blood level normal-
ization (90,91). Some studies report that in case
of ICU’s patient with lactate level at admission
greater or equal to 3.0 mmol/L, its early monitor-

ing and dropping by 20% or more per 2 hours in
the first 8 hours is able to reduce ICU length of
stay and overall hospital mortality (90,92).

Blood cultures before antibiotic therapy

Many studies demonstrated a significant reduc-
tion in sepsis mortality (especially in the 28-days
mortality) using appropriate antibiotic therapy
preceded by blood cultures (93,94). Sepsis bundles
recommend obtaining blood cultures in any septic
patient before the beginning of antimicrobial ther-
apy, since only one appropriate antimicrobial dose
is sufficient to sterilize cultures. Literature recom-
mends two blood culture sets, taken from different
sites at the same time. They should be collected,
if possible, as soon as possible after spike of tem-
perature. In routine practice, a set of blood culture
consists of one aerobic and one anaerobic blood
sample. It is important to note that, if the culture
drawn through the vascular access device is pos-
itive earlier (> 2 hours) than the peripheral blood
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culture, it may support the fact that the vascular
access device is the source of the infection (95,96).
However, it is important to avoid any potential
delay of the treatments just with the aim to obtain
blood cultures.

Antimicrobial therapy

Recently, many Authors confirmed that starting
an effective antimicrobial therapy as soon as pos-
sible after the onset of hypotension is critical in
influencing septic shock mortality (97-99). Kumar
et al. established that initiation of antibiotic ther-
apy within the first hour, defined as “the golden
hour”, following the onset of hypotension was as-
sociated with 79.9% survival rate. For every addi-
tional hour to delayed antimicrobial therapy initi-
ation, survival rate were demonstrated to drop an
average of 7.6% (100). Therefore an intravenous
empiric broad-spectrum therapy should be start-
ed immediately for patient presenting signs of
sepsis or septic shock. The initial antibiotic choice
should be made in accordance with local guide-
lines and antimicrobial resistance profiles. Since
pregnancy-related sepsis is mainly due to Group
A streptococcus (GAS) and Escherichia Coli in-
fections, empiric antibiotic coverage should in-
clude these organisms (17,26,101). Usually, stan-
dard therapy against GAS consists of high doses
of B-lactam antibiotic; moreover, in association
to penicillin, the new guidelines of the Infectious
Diseases Society of America (IDSA) strongly rec-
ommends the combined use of the protein syn-
thesis inhibitor like clindamycin. Patients with
severe GAS infection hence should receive peni-
cillin (24 million units every 4-6 hours intrave-
nously) plus clindamycin (600-900 mg/kg every
8 hours intravenously) for at least 10-14 days. For
penicillin-allergic patients, alternative protocol
should include linezolid or the combination of
clindamycin plus either vancomycin or dapto-
mycin (102-104). Similarly, both clindamycin and
penicillin are useful for coverage of susceptible
enteric aerobic organisms, such as E. Coli.

Once specific pathogen is isolated from blood cul-
tures, empiric antimicrobial therapy should be dis-
continued and antibiotic therapy with a restricted
spectrum coverage should be started. Alternative-
ly, therapy should be narrowed if patient does not
have any infection. In case of patient proven to be
unresponsive to first-line antimicrobial treatment,
infectious disease specialist should be involved in

C. Simonetto, S. Garzon, A. S. Lagani, R. Raffaelli,
A. Cromi, S. Uccella, F. Ghezzi, M. Franchi

clinical management with the aim of optimizing
antibiotic therapy targeting.

In addition to antimicrobial treatment, 2016-SSC
guidelines also underline the importance of the so-
called “source-control”, which refers to all physical
and surgical measures used to control a focus of in-
vasive infection and to restore the optimal function
of the affected area. Examples of such procedures are
drainage and debridement, that is the physical re-
moval of solid necrotic tissue or of an infected device.
Sometimes source control can also lead to delivery
of the foetus (83,105). Recent studies about sepsis
from intra-abdominal infection and correct time
for surgical intervention, that is source control, ad-
vocate the need to anticipate the procedure as soon
as possible, even if patient’s hemodynamic status
is not still optimal. However, there is no definitive
answer in the literature to the question of when
source control in patients with septic shock should
be started (106).

Intravenous fluid

A correct fluid balance is determinant in influencing
sepsis-related mortality. Many strong recommen-
dations support the use of crystalloid fluids in the
early resuscitation of patients with sepsis or hypo-
tension and elevated lactate levels. Fluid restoration
may require more than 1 hour to be completed, but
initiation of resuscitation and treatment should start
immediately after recognition of disease.

The 2016-SSC guidelines and the 2018-latest re-
vised bundles endorse the use of crystalloid at
an initial bolus of 30 mL/kg (83,84). This recom-
mendation may result aggressive and potentially
harmful in pregnancy, especially in patient affect-
ed by preeclampsia or pre-existing cardiac disor-
ders or with concomitant use of oxytocin. The low-
er colloid oncotic pressure observed in pregnant
women together with a persistent positive fluid
balance can lead to fluids compartmentalization
to the so-called third space, pulmonary oedema,
and left ventricular diastolic dysfunction (107). For
this reason, fluid resuscitation in pregnant women
should be carefully managed and, after initial flu-
ids administration, further eventual fluid therapy
should be guided by dynamic measures of preload.

Vasopressors

For those patients who result non-responder to ini-
tial fluid restoration or who are not eligible for fur-
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ther fluid supply, vasopressors are recommended
to maintain a Mean Arterial Pressure (MAP) > 65
mmHg. Targeting an individualized MAP is essen-
tial since reaching a MAP of 65 mmHg may be ex-
cessive in a previously healthy woman. The mech-
anism of vasopressors is based on the correction of
the pathologic vasoplegia that characterizes septic
shock and the maintenance of blood perfusion to
organs. Although both dopamine and norepineph-
rine are recommended as first-line vasopressor
agents in septic shock, and there is no significant
difference in the outcome between patients treated
with the first or with the second, SSC guidelines
suggest the use of norepinephrine since it is as-
sociated with a lower number of adverse events
(84,108,109). There is a lack of high-quality studies
about the effects of vasopressors during pregnan-
cy-related septic shock; however, norepinephrine
has been proven to be safe in pregnancy for both
the mother and the foetus (110). Epinephrine or
vasopressin might also be used in pregnancy, es-
pecially when initial norepinephrine administra-
tion fails to maintain an adequate MAP. Converse-
ly, dobutamine, which has an inotrope function,
should only be infused in the setting of myocardial
dysfunction or continued hypoperfusion despite
fluid and vasopressor therapy (83,111).

Other interventions

In addition to the interventions above reported,
other drugs and controls should be considered for
the management of sepsis in pregnancy. Based on
the clinical conditions, interventions such as hydro-
cortisone administration, blood and platelet trans-
fusion, active glycaemic control, antithrombotic
prophylaxis, and prophylaxis for gastric ulcers can
be required to control the disease or prevent com-
plications (26). Noteworthy, both pregnancy and
sepsis are risk factors for venous thromboembo-
lism, and prophylaxis with low molecular weight
heparin (LMWH) has been reported effective in the
prevention of venous thromboembolism in preg-
nancy and puerperium (112).

DELIVERY AND ANAESTHESIA
CONSIDERATIONS

Appropriate timing for foetus delivery should be
dictated by obstetric indications. The presence of
sepsis itself is not mandatory for immediate deliv-
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ery, especially if patient appropriately responds to
early resuscitation treatment. Indeed, unless some
conditions like chorioamnionitis or septic abor-
tion occur, there is no evidence that prompt de-
livery improves maternal outcomes. Furthermore,
attempting delivery in women with septic shock
who are hemodynamically not stable may influ-
ence negatively both maternal and foetal mortal-
ity rates (113). For this reason, taking into account
gestational age, maternal and foetal clinical condi-
tions, stage of labour, and the presence of chorio-
amnionitis should be an obstetrician’s priority that
has to lead and justify clinical decisions.

During maternal sepsis management and treat-
ment, foetal wellbeing has to be monitored with
the most appropriate method. If the risk of preterm
birth occurs, corticosteroids should be considered
for foetal lung maturation, but this decision should
be balanced with the need of immediate delivery
(114,115). Regarding this last point, it has to be
stressed that in case of maternal sepsis, antenatal
corticosteroids are not contraindicated and are one
of the most important antenatal therapies avail-
able to improve new-born outcomes, even in case
of sepsis (116,117).

Some studies point out how septic shock is highly
associated with the necessity of urgent caesarean
section and that it is more frequent in those wom-
en with respiratory complications such as ARDS
disease, which can lead to a rapid deterioration in
both the mother and the foetus (118).

If the uterus is demonstrated to be the source of
infection and surgical intervention for source con-
trol is needed, the decision whether to proceed or
not ultimately depends on obstetrician’s choice.
The anaesthesiologist may advise whether to un-
dergo regional or general anaesthesia, but it pri-
marily depends on the risk and benefits of each
approach, that should be evaluated case by case.
To the best of our knowledge, there are no trials
which have answered the question whether is bet-
ter to proceed with regional or general anaesthe-
sia in case of maternal sepsis. Regarding regional
anaesthesia, underlying sepsis is a risk factor for
spinal cord infective complications, like menin-
gitis or neurological deficit secondary to abscess
compression (119-121). Even if neuraxial anaes-
thesia is generally considered to be relatively con-
traindicated in case of sepsis, the American Soci-
ety of Anaesthesiologists (ASA) and the American
Society of Regional Anaesthesia (ASRA) advocate
the possibility of using an individualized and
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history-based protocol of regional anaesthesia in
case of septic patients. ?» When regional anaes-
thesia cannot be provided in safe conditions, the
guidelines suggest the use of general anaesthesia.
It is important to consider that pregnancy phys-
iologically modifies pulmonary ventilation and
cardiovascular capacity; these changes imply an
increased risk of gastric aspiration, difficult in-
tubation and aortocaval compression, especially
during general anaesthesia. Obstetric anaesthesi-
ologist should not underestimate pregnancy-relat-
ed risks when approaching a parturient with sep-
sis who necessitates anaesthesia.

NEW PERSPECTIVES

The crucial key message across all major societies’
efforts is that mortality from maternal sepsis is pre-
ventable, and that early recognition and treatment
is vital to achieve this outcome. To date, having
large-scale randomized clinical trials (RCT) to de-
velop guidelines for sepsis in pregnancy and pu-
erperium results problematic, since pregnancy is
an exclusion criterion for most of the studies due
to obvious ethical reasons. To the present day, the
available evidence for maternal sepsis manage-
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ment are provided from RCT conducted on the
general population and for this reason do not take
into account any physiological changes of preg-
nancy. Therefore, recommendations are to follow
the current guidelines for nonpregnant women
while considering the ways in which pregnancy
may change the goals of management.

Further studies are needed to establish pregnan-
cy-related diagnostic criteria for sepsis and septic
shock in the obstetric population and to conse-
quently develop specific protocols. These obstet-
ric-specific guidelines may finally help in reducing
mortality rate for sepsis and septic shock in preg-
nant population.
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