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Mujer de 14 años, embarazada de 36 semanas, acude a Urgencia con dolor abdominal y fiebre 
(>38º). Ausencia de tonos fetales. Pasa a dilatación a las 18h para expulsar el feto. Se pauta 
ampicilina y gentamicina, además de paracetamol. Pasa a quirófano a las 22h para cesárea 
urgente por feto muerto y sospecha de corioamnionitis. Además, es evidente que las 
condiciones generales se están rápidamente deteriorando. A la entrada en quirófano pulso no 
apreciable, frecuencia cardiaca 160 l/min. Paciente estuporosa. Durante la intervención se 
registra importante atonía uterina, se realiza B-lynch. Al finalizar la intervención, se traslada la 
paciente a Reanimación, sedada y en ventilación mecánica. 

Al día siguiente se realiza histerectomía total. Tres días después, se interviene nuevamente 
para drenar un hemoperitoneo y se realiza además una embolización selectiva radio-guiada. 
Cinco días tras trasladarse a planta, se interviene otra vez para drenar un absceso pélvico. 

La mujer ha permanecido dos semanas en Reanimación, y un mes en total en el hospital.

CASO CLÍNICO
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DIA 0 - 16h
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DIA 1 - 1h
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DIA 1 - 9h
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Autopsia del feto: marcada congestión y microhemorragias viscerales 
multiples. Hemorragia subcapsular hepatica. Necrosis tubular aguda. Edema 
cerebral. Hemorragia subaracnoidea. 

Análisis de la placenta: congestión vellositaria. Areas de infarto agudo. 

Análisis del útero: marcada congestión vascular, extensas zonas hemorrágicas, 
múltiples trombos en vasos pequeños, medianos y grandes. Necrosis fibrinoide 
de la pared vascular en muchos vasos. Necrosis hemorrágica completa de 
ovarios y trompas. 

CASO CLÍNICO - HISTOLOGÍA
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Como dicho previamente, al ingreso en Dilatación, se pauta ampicilina y gentamicina. 
Al ingreso en Reanimación, después de la cesárea, a este tratamiento se añade 
metronidazol. El día 2, ante la gravedad del caso, se reconsidera el tratamiento, y se 
pasa a meropenem, daptomicina, amikacina. Al día 5 se añade anidulofungina. Ningún 
cultivo dió positivo (excepto el absceso abdominal, E. fecium y Bacteroides). 

  

Con respecto a la fluido-terapia, se emplean Hematíes (46 U), Plasma (25 U), Plaquetas 
(6 U), Albumina 20%, cristaloides (Salino, Ringer Lactato, Plasmalyte). No se emplean 
coloides diferentes de la Albumina. Se empleó tempranamente nutrición parenteral. 

Con respecto al tratamiento de la coagulación, exceptuando los hemocomponentes, se 
emplea desde el día 1 heparina fraccionada profiláctica, mientras que por una semana se 
emplea heparina sódica IV ante la sospecha de trombofilia (nunca comprobada). 

CASO CLÍNICO - TRATAMIENTO
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Desde el día 1 se emplea una monitorización invasiva con acceso venoso central y 
arterial femoral, lo que permitió realizar mediciones volumétricas con termodilución 
TP. Primera medición: 

IC 3, RVS 1700, ELWI 9, GEDI 400. Hipotensión y taquicardia (150 l/min). 

El día 1 también se realiza un eco-cardio (a raíz de la troponina elevada) que evidenció 
hiperdinamia y escaso relleno ventricular.  

Desde el día 0 fueron empleados  vasopresores (fenilefrina y noradrenalina) y 
corticosteroides (hidrocortisona).  

Una de las termodiluciones TP más características es del día 4, con los siguientes 
resultados: 

IC 2,2; GEDI 461, ITVB 548, ELWI 17, GEF 16, VSI 19, RVS 2900, PVC 8, PAM 85. 

Por la época a la que se refiere la medición, se empleó un tratamiento inotropico, con 
dobutamina y dopamina, que se mantuvo dos días.

CASO CLÍNICO - TRATAMIENTO
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Discusión del caso clínico
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Definiciones
• SIRS: respuesta inflamatoria sistémica no 

auto-regulada.

• Sepsis: respuesta inflamatoria sistémica a una 
infección documentada.

• Sepsis grave: sepsis que se acompaña a 
insuficiencia de uno o más órganos.

• Shock séptico: compromiso hemodinámico 
que se acompaña a la inflamación sistémica.

SARTD&CHGUV,Sesión,de,Formación,Con9nuada,
,Valencia,20,de,Enero,de,2015,



La condición a menudo descrita como “shock” más 
exactamente representa la respuesta del organismo a las 

alteraciones microvasculares, en un intento desesperado de 
corregir el metabolismo celular.

El perdurar de la condición de hipoxemia celular y 
metabolismo anaerobio finalmente conlleva la muerte 
celular, la isquemia tisular y la disfunción de órgano.

La natural evolución de un shock séptico es la disfunción 
multiorgánica y la muerte.
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FisiopatologFisiopatologííaa

New Engl J Med 2003, 348: 138-150
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La manifestación de la inflamación sistémica, de la sepsis y 
del shock séptico en la paciente embarazada no difiere 
considerablemente respecto a otros tipos de pacientes, 

aunque algunas peculiaridades son relevantes.
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• La gestante es normalmente una paciente 
joven, sin patologías asociadas, por lo cual el 
pronostico es a menudo mejor y la 
mortalidad menor.

• Sin embargo, las bases de datos sobre 
pacientes sépticos excluyen en la mayoría 
de los casos a las gestantes, resultando 
imposible aplicar a la obstetricia escalas de 
gravedad y datos sobre incidencia  y 
prevalencia de la población general.
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Epidemiología

• La sepsis complica el embarazo en un 0,3% 
de los casos, aunque muchas patologías 
pueden no llegar a un diagnóstico definitivo.

• Nunca hay que olvidar que en un 20-30% 
del los casos de sepsis no se puede aislar 
un agente patógeno, aunque eso no impida 
el diagnóstico de sepsis (que queda siendo 
básicamente una inflamación sistémica).
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No todos los casos de bacteriemia durante el embarazo 
terminan produciendo una sepsis o un shock séptico!

La tasa más alta de sepsis en curso de bacteriemia que se 
puede encontrar en literatura el del 12% (mas 

probablemente 8-10%).

Epidemiología
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Pre-eclampsia
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Haemorrhage

Thrombosis
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32% Epilepsy

Heart disease

Cancer

Stroke

Diabetes

68%
Suicide

Influenza

Sepsis

Maternal deaths have decreased

Causes of mothers’ deaths 
Two thirds of mothers died from medical and mental 
health problems in pregnancy and only one third from 
direct complications of pregnancy such as bleeding.

Three quarters of women who died had medical or 
mental health problems before they became pregnant.

Women with pre-existing medical and mental health 
problems need:

•	 Pre-pregnancy advice
•	 Joint specialist and maternity care

Think Sepsis

Almost a quarter of women who died had 
Sepsis (severe infection).

Women with sepsis need:

•	 Early diagnosis
•	 Rapid antibiotics
•	 Review by senior doctors and midwives

Prompt treatment and action can make 
the difference between life and death

Prevent Flu

1 in 11 of the women died from Flu

More than half of these women’s deaths 
could	have	been	prevented	by	a	flu	jab.

Flu vaccination will save mothers’ and   
babies’ lives

10
2010-12

from to per 100,000 women giving birth11
2006-08
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Maternal Severe Sepsis in the United States

the patient level discharge data in the NIS files using the 
svyset command and svy prefix in Stata Statistical Software: 
Release 12 (StataCorp LP, College Station, TX). The svyset 
command includes the opportunity to specify the sampling 
unit (hospid), the sampling weight (discwt), and sampling 
strata (Stra_final), all variables that are reported in the full 
NIS dataset. All statistical testing accounted for the strati-
fied sampling design of the NIS. The logistic regression 
analysis was used to assess for crude temporal trends for 
sepsis, severe sepsis, and sepsis-related death.

A logistic regression analysis was performed to identify 
independent associations of severe sepsis (Appendix 4, see 
Supplemental Digital Content 4, http://links.lww.com/AA/
A599). Covariates that have been previously shown in the 
literature to be associated with sepsis during pregnancy or 
which are clinically plausible associations were included in 
the model.10–12 The primary analysis evaluated associations 
for severe sepsis with all covariates forced into the model; 
these included: age, race, type of insurance, retained prod-
ucts of conception, preterm premature rupture of membranes 
(PPROM), multiple gestation, cerclage placement (rescue 
cerclage was defined as a cerclage placed during the cur-
rent hospital admission; all cerclages placed during another 
admission were designated as prophylactic), diabetes mellitus 
(including gestational), body mass index >30 kg/m2, malig-
nancy, human immunodeficiency virus, chronic liver disease, 
chronic renal disease, congestive heart failure, systemic lupus 
erythematous (SLE), and institutional delivery volume. A sec-
ond logistic regression analysis was undertaken by adding 
variables using a full model fit to evaluate covariates that may 
increase risk for severe sepsis but could also be implicated by 
reverse causality; these included cesarean delivery (CD) (sep-
arated into groups of elective CD and CD during labor with 
vaginal deliveries serving as the referent category), stillbirth, 
preterm delivery, and postpartum hemorrhage. Results from 
the multivariable analyses were reported as adjusted odds 
ratios with corresponding 95% confidence intervals (CIs). 
Population-attributable fractions were calculated for each fac-
tor with a statistically significant adjusted odds ratio to esti-
mate the burden of severe sepsis at the population level using 
adjusted odds ratios as estimates of relative risk as used in 
previous studies.13

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, Release 19.0 (IBM Corp, Armonk, 

NY) and Stata Statistical Software: Release 12. P values <0.05 
were used to define statistical significance for all analyses.

RESULTS
There were an estimated 44,999,260 hospitalizations for deliv-
ery in the United States during the study period. Characteristics 
of patients with and without severe sepsis are shown in Table 1. 
Sepsis complicated 1:3333 deliveries (95% CI, 1:3151–1:3540), 
severe sepsis complicated 1:10,823 (95% CI, 1:10,000–1:11,792) 
deliveries, and sepsis-related death complicated 1:105,384 
deliveries (95% CI, 1:83,333–1:131,579). While the overall fre-
quency of sepsis was stable across the study period (P = 0.95), 
the odds of acquiring severe sepsis increased 10% per year, 
with an odds ratio of 1.10 (95% CI, 1.07–1.13); sepsis-related 
death also increased 10% per year, with an odds ratio of 1.10 
(95% CI, 1.02–1.18). These trends are depicted in Figure 1.

The multivariable logistic regression analysis of indepen-
dent associations for severe sepsis is reported in Table 2. Risk 
factors of age >35 years, African American race, Medicaid 
insurance, retained products of conception, PPROM, conges-
tive heart failure, chronic liver failure, chronic renal failure, 
human immunodeficiency virus infection, SLE, multiple ges-
tation, and cerclage were all found to have independent asso-
ciations for severe sepsis. In Appendix 5 (see Supplemental 
Digital Content 5, http://links.lww.com/AA/A600), an 
additional logistic regression analysis, which added to the 
original model those factors that may confer risk but which 
may also be associated through reverse causality, 
found stillbirth, preterm delivery, postpartum hemor-
rhage, and CD in labor to have a significant association 
with severe sepsis. Conversely, elective CD had a protective 
association for severe sepsis. Population-attributable frac-
tions were calculated for factors with independent associa-
tions for severe sepsis and are reported in Table 2.

The rates of hemodialysis and mechanical ventilation 
more than 96 hours in women with severe sepsis were 
reviewed to evaluate the integrity of the increase in severe 
sepsis. The rates of hemodialysis did not change substan-
tially during the study period. While the rate of mechani-
cal ventilation decreased by 19.9% over the study period 
(Fig.  2), the overall increase of severe sepsis and sepsis-
related death was 112% and 129%, respectively.

Of 4158 patients with severe sepsis, 1680 (40.4%) had 
a code for a specific type of organism and 2478 had an 

- - - -

Figure 1. Temporal trends for maternal 
sepsis, severe sepsis, and sepsis-related 
death during hospitalization for delivery 
during 1998 to 2008 in the United States.
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Sepsis is an increasingly important cause of maternal 
morbidity in developed nations. According to the 
Centre for Maternal and Child Enquires (formerly 

known as the Confidential Enquiry into Maternal and Child 

Health), the longest running continuous series of clinical 
audits in the world, deaths due to sepsis have nearly dou-
bled over the past decade from 0.65 per 100,000 maternities 
during the years 2000 through 2002 to 1.13 per 100,000 for 
2006 through 2008, making sepsis the leading cause of direct 
maternal death in the United Kingdom.1

While this increase has prompted considerable attention 
in the United Kingdom, very little is known about the epi-
demiology of sepsis in pregnancy in the United States, and 
there has not been a population-based epidemiologic study 
of sepsis during hospitalization for delivery in the United 
States. Estimates of frequency are based solely on retrospec-
tive reviews from tertiary care centers (from 1:1763 to 1:2517 
deliveries for sepsis to 1:7654 to 1:8338 deliveries for septic 
shock).2–4 Data are limited regarding conditions associated 
with this complication in pregnancy.

The objectives of this study were to determine frequency, 
temporal trends, and independent associations for severe 
sepsis during hospitalization for delivery using the largest 
administrative dataset of admissions available in the United 
States, the Nationwide Inpatient Sample (NIS).

METHODS
The University of Michigan IRB evaluated the study proto-
col and determined that the study was exempt from further 
review because it is an analysis of publicly available, de-
identified data. The requirement for written informed con-
sent was waived by the IRB.
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BACKGROUND: Sepsis is currently the leading cause of direct maternal death in the United 
Kingdom. In this study, we aimed to determine frequency, temporal trends, and independent 
associations for severe sepsis during hospitalization for delivery in the United States.
METHODS: Data were obtained from the Nationwide Inpatient Sample for the years 1998 
through 2008. The presence of severe sepsis was identified by the appropriate International 
Classification of Diseases, Ninth Revision, Clinical Modification codes. Logistic regression analy-
sis was used to assess temporal trends for sepsis, severe sepsis, and sepsis-related death and 
also to identify independent associations of severe sepsis.
RESULTS: Of an estimated 44,999,260 hospitalizations for delivery, sepsis complicated 1:3333 
(95% confidence interval [CI], 1:3151–1:3540) deliveries, severe sepsis complicated 1:10,823 
(95% CI, 1:10,000–1:11,792) deliveries, and sepsis-related death complicated 1:105,263 
(95% CI, 1:83,333–1:131,579) deliveries. While the overall frequency of sepsis was stable 
(P = 0.95), the risk of severe sepsis and sepsis-related death increased during the study period, 
(P < 0.001) and (P = 0.02), respectively. Independent associations for severe sepsis, with an 
adjusted odds ratio and lower bound 95% CI higher than 3, include congestive heart failure, chronic 
liver disease, chronic renal disease, systemic lupus erythematous, and rescue cerclage placement.
CONCLUSIONS: Maternal severe sepsis and sepsis-related deaths are increasing in the United 
States. Severe sepsis often occurs in the absence of a recognized risk factor and underscores 
the need for developing systems of care that increase sensitivity for disease detection across 
the entire population. Physicians should enhance surveillance in patients with congestive heart 
failure, chronic liver disease, chronic renal disease, and systemic lupus erythematous and insti-
tute early treatment when signs of sepsis are emerging.  (Anesth Analg 2013;117:944–50)
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CMACE EMERGENT THEME BRIEFING  

#1: Genital Tract Sepsis 
September 2010 

 

SAVING MOTHERS’ LIVES 2006-08: Briefing on genital tract sepsis 
 

During the 2006 – 2008 triennium, sepsis was the leading cause of direct maternal deaths, 
accounting for 26 direct deaths and a further 3 deaths classified as ‘Late Direct’1. Whilst maternal 
mortality is declining overall, maternal deaths due to sepsis have risen in recent triennia, 
particularly those associated with Gp A streptococcal infection (GAS): 

 

 2000-2002 2003-2005 2006-2008 
Rate / 100,000 
maternities 

0.65 0.85 1.13 

Numbers*  
(all organisms) 

13 21 29 

Numbers* 
(GAS) 

3 8 13 

*: Direct and indirect maternal deaths together 

 

This alert is being published in advance of the full Saving Mothers Lives (SML) report 
because of the significance of the facts and findings relating to deaths due to  genital tract 
infection.   

 

The main reason for the rise in maternal mortality from sepsis in this triennium is the increased 
number of deaths due to community-acquired beta-haemolytic streptococcus Lancefield Group A 
(Streptococcus pyogenes) (GAS). Death and serious illness from pregnancy related sepsis are still 
very rare, however. Thus awareness of the potential for genital tract infection to follow a fulminating 
and sometimes fatal course is low, amongst both pregnant women and their healthcare workers. 

 

There was a clear seasonal pattern to these deaths, with most occurring between December and 
April, often preceded by sore throat or other URTI. An associated factor was women of BME origin 
(12 deaths, 6 of whom were asylum seekers or recent immigrants; 3 had sickle cell disease or trait) 
but obesity was not a contributory factor in this triennium, in contrast to previous findings. About a 
third of the deaths occurred before 24 weeks completed gestation (mostly due to GAS) and, 
overall, only 55% of the babies in affected pregnancies were live born. Most of the deaths occurred 
in the postpartum period; more than half following lower segment Caesarean Section. Seven 
women died from sepsis that developed after vaginal delivery, illustrating how healthy women with 
uncomplicated pregnancy and delivery can become critically ill and die in a very short time. 

 

Sepsis in pregnancy is often insidious in onset but can progress very rapidly. In the 
postpartum period the risk of serious sepsis should not be overlooked, particularly in the 
earlier gestations. Early recognition, urgent transfer to hospital and prompt, aggressive 
treatment is necessary to save lives. Whilst presentation may be atypical, tachypnoea, 
neutropenia and hypothermia are all ominous signs. Diarrhoea is a common symptom of 
pelvic sepsis and the combination of abdominal pain and abnormal or absent foetal heart 
rate may signify sepsis rather than placental abruption. 

                                                  
1 Maternal death occurring more than 6 weeks after delivery 
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Deaths due to individual causes
Maternal deaths by cause, 2006–12 are shown 
in Table 2.4. Rates for 2009–11 and 2010–12 are 
presented for consistency and comparison with 

previous triennial reporting. Table 2.5 shows the 
death rates by cause between 1985 and 2011.

Table 2.4: Maternal mortality rates by cause, per 100,000 maternities, 2006 to 2012

Cause of death 2006–08 2009–11 2010–12

n Rate 95% CI n Rate 95% CI n Rate 95% CI

All Direct and Indirect 
deaths† 261 11.39 10.09–12.86 253 10.63 9.36–12.03 243 10.12 8.89–11.47

Direct deaths

Genital tract sepsis* 26 1.13 0.77–1.67 15 0.63 0.35–1.04 12 0.50 0.26–0.87

Pre–eclampsia and 
eclampsia 19 0.83 0.53–1.30 10 0.42 0.20–0.77 9 0.38 0.18–0.71

Thrombosis and 
thromboembolism 18 0.79 0.49–1.25 30 1.26 0.85–1.80 26 1.08 0.71–1.59

Amniotic fluid 
embolism 13 0.57 0.33–0.98 7 0.29 0.12–0.61 8 0.33 0.14–0.66

Early pregnancy 
deaths 11 0.48 0.27–0.87 4 0.17 0.05–0.43 8 0.33 0.14–0.66

Haemorrhage 9 0.39 0.20–0.75 14 0.59 0.32–0.99 11 0.46 0.23–0.82

Anaesthesia 7 0.31 0.15–0.64 3 0.12 0.03–0.37 4 0.17 0.05–0.43

Other Direct‡ 4 0.17 0.07–0.47 ‡ ‡ ‡ ‡ ‡ ‡

All Direct 107 4.67 3.86–5.64 83 3.49 2.78–4.32 78 3.25 2.57–4.05

Indirect

Cardiac disease 53 2.31 1.77–3.03 51 2.14 1.60–2.82 54 2.25 1.69–2.93

Other Indirect 
causes 49 2.14 1.62–2.83 72 3.03 2.37–3.81 61 2.54 1.94–3.26

Indirect neurological 
conditions 36 1.57 1.13–2.18 30 1.26 0.85–1.80 31 1.29 0.88–1.83

Psychiatric causes 13 0.57 0.33–0.98 13 0.55 0.29–0.93 16 0.67 0.38–1.08

Indirect 
malignancies 3 0.13 0.04–0.41 4 0.17 0.05–0.45 3 0.13 0.03–0.37

All Indirect 154 6.72 5.74–7.87 170 7.15 6.11 –8.30 165 6.87 5.86–8.00

Coincidental 50 2.18 1.65–2.88 23 0.98 0.61–1.45 26 1.08 0.71–1.59

Late deaths 33† † † 325 13.66 12.22–15.33 313 13.03 11.63–14.56

*Genital tract sepsis deaths only, including early pregnancy deaths as the result of genital tract sepsis. Other deaths from 
infectious causes are classified under other indirect causes.
‡Acute fatty liver and genital tract trauma; included with pre-eclampsia and eclampsia and haemorrhage respectively from 
2009 onwards.
† Figures on late deaths for 2006–08 include only cases reported to CMACE and not all deaths, therefore rates are not 
calculated. Cases from 2009–12 identified through direct report and linked national birth and death data and include late 
direct, late indirect and late coincidental deaths. These deaths will be described fully in the 2015 report.

Sources: CMACE, MBRRACE-UK, Office for National Statistics, National Records Scotland, Northern Ireland Statistics 
and Research Agency.
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Maternal deaths have decreased

Causes of mothers’ deaths 
Two thirds of mothers died from medical and mental 
health problems in pregnancy and only one third from 
direct complications of pregnancy such as bleeding.

Three quarters of women who died had medical or 
mental health problems before they became pregnant.

Women with pre-existing medical and mental health 
problems need:

•	 Pre-pregnancy advice
•	 Joint specialist and maternity care

Think Sepsis

Almost a quarter of women who died had 
Sepsis (severe infection).

Women with sepsis need:

•	 Early diagnosis
•	 Rapid antibiotics
•	 Review by senior doctors and midwives

Prompt treatment and action can make 
the difference between life and death

Prevent Flu

1 in 11 of the women died from Flu

More than half of these women’s deaths 
could	have	been	prevented	by	a	flu	jab.

Flu vaccination will save mothers’ and   
babies’ lives

10
2010-12

from to per 100,000 women giving birth11
2006-08
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1977-1992 1993-2008
n=636

casos de sepsis=66 (10%)

n = 156

casos de sepsis = 24 (15%)

n = 480

casos de sepsis = 42 (9%)

abortos sépticos = 0abortos sépticos = 4 (14%)

antes del parto = 10 (42%)

después del parto = 10 (42%)

antes del parto = 34 (81%)

después del parto = 8 (19%)

agente bacteriano = 24 (100%) agente bacteriano = 33 (83%)

agente no bacteriano = 0 agente no bacteriano = 7 (17%)

agente desconocido = 2
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Maternal sepsis during pregnancy or the postpartum period
requiring intensive care admission

N. Timezguid,a V. Das,a A. Hamdi,a M. Ciroldi,a D. Sfoggia-Besserat,b R. Chelha,a

E. Obadia,a J.-L. Pallota

a Service de Réanimation Polyvalente Adulte
b Service de Gynécologie-Obstétrique, Centre Hospitalier Intercommunal André Grégoire, Montreuil, France

ABSTRACT
Background: Previous studies on severe maternal sepsis during pregnancy or the postpartum period are rare and have focused on
septic abortion. Voluntary abortion was legalized in France in 1975. This study was conducted to reassess the characteristics of
maternal sepsis that have been managed in a French intensive care unit.
Methods: A retrospective study of 66 women admitted to an intensive care unit for sepsis from 1977–2008 was performed. Data on
sources of infection, microbial agents and maternal and fetal outcomes were collected. Data from 1977–1992 and 1993–2008 were
compared.
Results: Over time, the rate of intensive care admission for maternal sepsis did not change (0.75 episodes per 1000 deliveries in
1977–1992 versus 0.72/1000 in 1993–2008, P = 1.0). The percentage of septic abortions decreased from 14% to 0%, whereas that
of antepartum infections increased from 50% to 79% (P < 0.01). The percentage of non-bacterial infections increased from 0% to
19% (P = 0.04), and the percentage of pelvic infections had a tendency to decrease from 54% to 27% (P = 0.06). Pelvic infections
were due to enterobacteriaceae (50%), gram-positive cocci (45%), and/or anaerobes (23%). Maternal and fetal mortality rates were
6% and 33%, respectively.
Conclusions: Over time, our intensive care unit has seen fewer cases of septic abortion. However, maternal sepsis remained a cause
of intensive care admission and both maternal and fetal death. The percentages of antepartum and non-bacterial infections have
increased over time. A prospective multicentre study is required to confirm these results and to investigate questions such as the
effect of maternal sepsis on long-term fetal outcome.

!c 2011 Elsevier Ltd. All rights reserved.

Keywords: Critical illness; Infectious; Sepsis; Chorioamnionitis; Endometritis; Pregnancy complications

Introduction

Sepsis has been reported as the cause of 6–22% of mater-
nal admissions to the intensive care unit (ICU) during
pregnancy or the postpartum period, but clinical studies
on maternal sepsis requiring ICU admission are rela-
tively rare.1–10 Before legalized abortion, clinical reports
on sepsis focused on septic abortions as these were a
common cause of severe sepsis and maternal death.9,11

In Western countries where voluntary abortion has been
legalized, septic abortions have disappeared, but sepsis
is still the cause of 5–13% of maternal deaths.12–14 In
France voluntary abortion was legalized in 1975. We

conducted a retrospective study in one French centre
to describe the causes, microbial agents, and maternal
and fetal prognoses of maternal sepsis requiring ICU
admission.

Methods

We performed a retrospective, observational study in
the adult ICU of a 360-bed, non-teaching French hospi-
tal, which has a maternity unit and a neonatal ICU. The
adult ICU is an 11-bed medical and surgical ICU that
opened in 1977. According to the French system of
regionalization of perinatal care, the 58-bed maternity
unit received the level 3 designation (a tertiary care
centre dedicated to the care of women at high risk of
preterm delivery) in 1995. In accordance with French
regulations about research performed on data, informed
consent was waived for this observational, retrospective
study.

We screened discharge reports to select women
admitted to the ICU from January 1977–December
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Resulta evidente como en los últimos años ha disminuido 
sensiblemente la incidencia de casos de sepsis relacionados a 
abortos o escasas condiciones higiénicas.

Por otro lado, cobra importancia la incidencia de casos de sepsis 
relacionados a infecciones aisladas del útero y con agentes 
patógenos menos comunes, como virus o microorganismos 
multiresistentes. 
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• La prevalencia de la sepsis difiere en 
poblaciones diferentes por cultura y 
bienestar económico, influyendo eso en la 
causa de la sepsis.

• La incidencia de sepsis como complicación 
de un aborto ha disminuido sensiblemente 
en el mundo occidental, permaneciendo 
una causa importante en los países 
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Aun así, como subrayado por el “Centre for Maternal and Child 
Enquiries” (CMACE), si por un lado algunas infecciones potencialmente 

mortales no están directamente relacionadas con el embarazo, la paciente 
gestante vive muchísimas situaciones en la que se puede contaminar, y 
además la gestación en si podría aumentar la sensibilidad de la mujer al 

daño infeccioso y tóxico del agente patógeno.
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Causas principales de 
sepsis en la gestante

• Obstétricas: corioamnionitis, endometritis, 
aborto séptico, infección de herida 
quirúrgica (cesárea), infección de 
episiotomía.

• No obstétricas: neumonía, infecciones 
urinarias, apendicitis, colecistitis.

• Procedimientos invasivos: cerclaje, 
amniocentesis.
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ICD-9-CM code indicating sepsis from an unspecified 
organism (Table 3), and 3177 (76.4%) had a concurrent infec-
tious diagnosis for severe sepsis that was among one of the 
conditions for which we queried (Table 4.)

Among those patients with severe sepsis, organ dysfunc-
tion included respiratory dysfunction (34.2%), coagulation 
abnormalities (19.2%), renal dysfunction (16.4%), cardiovas-
cular dysfunction (11.6%), hepatic dysfunction (10.3%), and 
central nervous system dysfunction (8.2%).

DISCUSSION
In this study, we used a large, representative sample of hos-
pitalizations in the United States to estimate the frequency, 
independent associations, and temporal trends for severe 

sepsis during hospitalization for delivery. Even with adjust-
ment for risk factors, the frequency of severe sepsis increased 
from 1:15,385 (95% CI, 1:12,987–1:18,519) to 1:7246 (95% CI, 
6329–8333) during our 11-year study period. Thus, preg-
nancy-related severe sepsis is a growing source of severe 
maternal morbidity and mortality in the United States.

The increases in severe sepsis and sepsis-related mortal-
ity are consistent with the published UK experience.1 The 
increase in the United Kingdom was attributed to increased 
Group A β-hemolytic streptococcus and Escherichia coli 
infections, microbial resistance, and population factors of 
increasing maternal age, obesity, cardiovascular disease, 
migrant population, smoking, and poor overall health.1 
Our U.S. data demonstrate that the increase in severe sep-
sis persisted despite adjusting for maternal age, presence of 
comorbidities, CD, multiple gestation, reliance on Medicaid, 
and other factors. This increase may have been due to simi-
lar factors as those identified in the United Kingdom, but 
not measured with administrative data such as increasing 
microbial resistance, obesity, smoking, substance abuse, and 
poor general health.

Chronic comorbid conditions such as congestive heart 
failure, chronic liver disease, chronic renal disease are well-
established risk factors for sepsis in the general population 
and demonstrated associations with severe sepsis.14,15 SLE 
may increase the risk secondary to the use of steroids and 
immunosuppressive medications and immunologic abnor-
malities of the disease process itself.16–18 While women 

Table 3.  Proportion of Specific Types of Severe 
Maternal Sepsis During 1998 to 2008 in the 
United States

Most common types of organisms  
coded for severe sepsis

N = 1680
n (%)

Escherichia coli septicemia 450 (26.7)
Staphylococcal septicemia 373 (22.2)
Streptococcal septicemia 337 (20.1)
Gram-negative septicemia 324 (19.3)
Pneumococcal septicemia 63 (3.8)
Pseudomonas septicemia 40 (2.4)
Anaerobe septicemia 34 (2.0)
Systemic candidiasis 30 (1.8)
Haemophilus influenzae septicemia 19 (1.1)
Serratia septicemia NR

NR = not reported due to number ≤10.

Table 4.  Most Common Concurrent Infectious 
Diagnoses in Maternal Severe Sepsis Patients 
During 1998 to 2008 in the United States

Diagnosis
N = 3177
n (%)

Pneumonia 945 (29.7)
Genitourinary infection 945 (29.7)
Chorioamnionitis 585 (18.4)
Endometritis 274 (8.6)
Pyelonephritis 184 (5.8)
Wound infection 148 (4.7)
Endocarditis 72 (2.3)
Meningitis 15 (0.5)
Central line–associated bloodstream infection NR
Mastitis NR

NR = not reported due to number ≤10.

Table 2.  Adjusted Odds Ratios for Severe Sepsis by 
Maternal Characteristics and Comorbidities

Maternal characteristics
aOR  

(95% CI)

Population-
attributable 

fractiona

Demographics
  Age
   ≤20 y 0.9 (0.7–1.1)
   21–34 y Reference
   ≥35 y 1.5 (1.2–1.8)
  Race
   Caucasian Reference
   African American 2.1 (1.7–2.6)
   Hispanic 1.0 (0.8–1.3)
   Other 1.2 (0.9–1.7)
   Missing 1.1 (0.9–1.3)
  Insurance type
   Private Reference
   Medicaid 1.6 (1.4–1.9)
   Self-pay 1.4 (0.9–2.0)
   Other 1.4 (0.9–2.3)
   Missing 1.8 (0.8–3.7)
  Year of delivery
   1998–2000 Reference
   2001–2003 1.2 (0.9–1.5)
   2004–2006 1.5 (1.2–1.8)
   2007–2008 2.0 (1.6–2.4)
Delivery volume of hospital
  <1000 per year Reference
  1001–2500 1.9 (1.4–2.4)
  2501–5000 2.2 (1.7–2.8)
  5001–7500 2.2 (1.6–3.1)
  >7500 2.1 (1.3–3.4)
Obstetric factors
  Rescue cerclage 9.8 (3.0–32.7) 0.3%
  Prophylactic cerclage 3.4 (1.8–6.2) 0.8%
  PPROM 2.5 (1.8–3.5) 2.6%
  Retained products of conception 4.5 (2.8–7.4) 1.5%
  Multiple gestation 1.8 (1.2–2.5) 0.9%
Comorbidities
  Congestive heart failure 135 (93.6–194.6) 5.9%
  Chronic liver disease 55.9 (19.7–158.4) 0.7%
  Chronic renal disease 33.7 (11.0–102.5) 0.6%
  Systemic lupus erythematous 9.4 (5.2–16.7) 1.4%
  HIV 3.2 (1.3–7.6) 0.5%
  Diabetes mellitus 1.1 (0.9–1.5)
  Obesity 0.8 (0.4–1.4)

All factors were adjusted using a full model fit of all variables within the table.
aOR = adjusted odds ratio; CI = confidence interval; PPROM = preterm 
premature rupture of membranes; HIV = human immunodeficiency virus.
aPopulation-attributable fractions are only reported for statistically significant 
aORs.
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Sepsis is an increasingly important cause of maternal 
morbidity in developed nations. According to the 
Centre for Maternal and Child Enquires (formerly 

known as the Confidential Enquiry into Maternal and Child 

Health), the longest running continuous series of clinical 
audits in the world, deaths due to sepsis have nearly dou-
bled over the past decade from 0.65 per 100,000 maternities 
during the years 2000 through 2002 to 1.13 per 100,000 for 
2006 through 2008, making sepsis the leading cause of direct 
maternal death in the United Kingdom.1

While this increase has prompted considerable attention 
in the United Kingdom, very little is known about the epi-
demiology of sepsis in pregnancy in the United States, and 
there has not been a population-based epidemiologic study 
of sepsis during hospitalization for delivery in the United 
States. Estimates of frequency are based solely on retrospec-
tive reviews from tertiary care centers (from 1:1763 to 1:2517 
deliveries for sepsis to 1:7654 to 1:8338 deliveries for septic 
shock).2–4 Data are limited regarding conditions associated 
with this complication in pregnancy.

The objectives of this study were to determine frequency, 
temporal trends, and independent associations for severe 
sepsis during hospitalization for delivery using the largest 
administrative dataset of admissions available in the United 
States, the Nationwide Inpatient Sample (NIS).

METHODS
The University of Michigan IRB evaluated the study proto-
col and determined that the study was exempt from further 
review because it is an analysis of publicly available, de-
identified data. The requirement for written informed con-
sent was waived by the IRB.
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BACKGROUND: Sepsis is currently the leading cause of direct maternal death in the United 
Kingdom. In this study, we aimed to determine frequency, temporal trends, and independent 
associations for severe sepsis during hospitalization for delivery in the United States.
METHODS: Data were obtained from the Nationwide Inpatient Sample for the years 1998 
through 2008. The presence of severe sepsis was identified by the appropriate International 
Classification of Diseases, Ninth Revision, Clinical Modification codes. Logistic regression analy-
sis was used to assess temporal trends for sepsis, severe sepsis, and sepsis-related death and 
also to identify independent associations of severe sepsis.
RESULTS: Of an estimated 44,999,260 hospitalizations for delivery, sepsis complicated 1:3333 
(95% confidence interval [CI], 1:3151–1:3540) deliveries, severe sepsis complicated 1:10,823 
(95% CI, 1:10,000–1:11,792) deliveries, and sepsis-related death complicated 1:105,263 
(95% CI, 1:83,333–1:131,579) deliveries. While the overall frequency of sepsis was stable 
(P = 0.95), the risk of severe sepsis and sepsis-related death increased during the study period, 
(P < 0.001) and (P = 0.02), respectively. Independent associations for severe sepsis, with an 
adjusted odds ratio and lower bound 95% CI higher than 3, include congestive heart failure, chronic 
liver disease, chronic renal disease, systemic lupus erythematous, and rescue cerclage placement.
CONCLUSIONS: Maternal severe sepsis and sepsis-related deaths are increasing in the United 
States. Severe sepsis often occurs in the absence of a recognized risk factor and underscores 
the need for developing systems of care that increase sensitivity for disease detection across 
the entire population. Physicians should enhance surveillance in patients with congestive heart 
failure, chronic liver disease, chronic renal disease, and systemic lupus erythematous and insti-
tute early treatment when signs of sepsis are emerging.  (Anesth Analg 2013;117:944–50)
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Sepsis is an increasingly important cause of maternal 
morbidity in developed nations. According to the 
Centre for Maternal and Child Enquires (formerly 

known as the Confidential Enquiry into Maternal and Child 

Health), the longest running continuous series of clinical 
audits in the world, deaths due to sepsis have nearly dou-
bled over the past decade from 0.65 per 100,000 maternities 
during the years 2000 through 2002 to 1.13 per 100,000 for 
2006 through 2008, making sepsis the leading cause of direct 
maternal death in the United Kingdom.1

While this increase has prompted considerable attention 
in the United Kingdom, very little is known about the epi-
demiology of sepsis in pregnancy in the United States, and 
there has not been a population-based epidemiologic study 
of sepsis during hospitalization for delivery in the United 
States. Estimates of frequency are based solely on retrospec-
tive reviews from tertiary care centers (from 1:1763 to 1:2517 
deliveries for sepsis to 1:7654 to 1:8338 deliveries for septic 
shock).2–4 Data are limited regarding conditions associated 
with this complication in pregnancy.

The objectives of this study were to determine frequency, 
temporal trends, and independent associations for severe 
sepsis during hospitalization for delivery using the largest 
administrative dataset of admissions available in the United 
States, the Nationwide Inpatient Sample (NIS).

METHODS
The University of Michigan IRB evaluated the study proto-
col and determined that the study was exempt from further 
review because it is an analysis of publicly available, de-
identified data. The requirement for written informed con-
sent was waived by the IRB.
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BACKGROUND: Sepsis is currently the leading cause of direct maternal death in the United 
Kingdom. In this study, we aimed to determine frequency, temporal trends, and independent 
associations for severe sepsis during hospitalization for delivery in the United States.
METHODS: Data were obtained from the Nationwide Inpatient Sample for the years 1998 
through 2008. The presence of severe sepsis was identified by the appropriate International 
Classification of Diseases, Ninth Revision, Clinical Modification codes. Logistic regression analy-
sis was used to assess temporal trends for sepsis, severe sepsis, and sepsis-related death and 
also to identify independent associations of severe sepsis.
RESULTS: Of an estimated 44,999,260 hospitalizations for delivery, sepsis complicated 1:3333 
(95% confidence interval [CI], 1:3151–1:3540) deliveries, severe sepsis complicated 1:10,823 
(95% CI, 1:10,000–1:11,792) deliveries, and sepsis-related death complicated 1:105,263 
(95% CI, 1:83,333–1:131,579) deliveries. While the overall frequency of sepsis was stable 
(P = 0.95), the risk of severe sepsis and sepsis-related death increased during the study period, 
(P < 0.001) and (P = 0.02), respectively. Independent associations for severe sepsis, with an 
adjusted odds ratio and lower bound 95% CI higher than 3, include congestive heart failure, chronic 
liver disease, chronic renal disease, systemic lupus erythematous, and rescue cerclage placement.
CONCLUSIONS: Maternal severe sepsis and sepsis-related deaths are increasing in the United 
States. Severe sepsis often occurs in the absence of a recognized risk factor and underscores 
the need for developing systems of care that increase sensitivity for disease detection across 
the entire population. Physicians should enhance surveillance in patients with congestive heart 
failure, chronic liver disease, chronic renal disease, and systemic lupus erythematous and insti-
tute early treatment when signs of sepsis are emerging.  (Anesth Analg 2013;117:944–50)
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ICD-9-CM code indicating sepsis from an unspecified 
organism (Table 3), and 3177 (76.4%) had a concurrent infec-
tious diagnosis for severe sepsis that was among one of the 
conditions for which we queried (Table 4.)

Among those patients with severe sepsis, organ dysfunc-
tion included respiratory dysfunction (34.2%), coagulation 
abnormalities (19.2%), renal dysfunction (16.4%), cardiovas-
cular dysfunction (11.6%), hepatic dysfunction (10.3%), and 
central nervous system dysfunction (8.2%).

DISCUSSION
In this study, we used a large, representative sample of hos-
pitalizations in the United States to estimate the frequency, 
independent associations, and temporal trends for severe 

sepsis during hospitalization for delivery. Even with adjust-
ment for risk factors, the frequency of severe sepsis increased 
from 1:15,385 (95% CI, 1:12,987–1:18,519) to 1:7246 (95% CI, 
6329–8333) during our 11-year study period. Thus, preg-
nancy-related severe sepsis is a growing source of severe 
maternal morbidity and mortality in the United States.

The increases in severe sepsis and sepsis-related mortal-
ity are consistent with the published UK experience.1 The 
increase in the United Kingdom was attributed to increased 
Group A β-hemolytic streptococcus and Escherichia coli 
infections, microbial resistance, and population factors of 
increasing maternal age, obesity, cardiovascular disease, 
migrant population, smoking, and poor overall health.1 
Our U.S. data demonstrate that the increase in severe sep-
sis persisted despite adjusting for maternal age, presence of 
comorbidities, CD, multiple gestation, reliance on Medicaid, 
and other factors. This increase may have been due to simi-
lar factors as those identified in the United Kingdom, but 
not measured with administrative data such as increasing 
microbial resistance, obesity, smoking, substance abuse, and 
poor general health.

Chronic comorbid conditions such as congestive heart 
failure, chronic liver disease, chronic renal disease are well-
established risk factors for sepsis in the general population 
and demonstrated associations with severe sepsis.14,15 SLE 
may increase the risk secondary to the use of steroids and 
immunosuppressive medications and immunologic abnor-
malities of the disease process itself.16–18 While women 

Table 3.  Proportion of Specific Types of Severe 
Maternal Sepsis During 1998 to 2008 in the 
United States

Most common types of organisms  
coded for severe sepsis

N = 1680
n (%)

Escherichia coli septicemia 450 (26.7)
Staphylococcal septicemia 373 (22.2)
Streptococcal septicemia 337 (20.1)
Gram-negative septicemia 324 (19.3)
Pneumococcal septicemia 63 (3.8)
Pseudomonas septicemia 40 (2.4)
Anaerobe septicemia 34 (2.0)
Systemic candidiasis 30 (1.8)
Haemophilus influenzae septicemia 19 (1.1)
Serratia septicemia NR

NR = not reported due to number ≤10.

Table 4.  Most Common Concurrent Infectious 
Diagnoses in Maternal Severe Sepsis Patients 
During 1998 to 2008 in the United States

Diagnosis
N = 3177
n (%)

Pneumonia 945 (29.7)
Genitourinary infection 945 (29.7)
Chorioamnionitis 585 (18.4)
Endometritis 274 (8.6)
Pyelonephritis 184 (5.8)
Wound infection 148 (4.7)
Endocarditis 72 (2.3)
Meningitis 15 (0.5)
Central line–associated bloodstream infection NR
Mastitis NR

NR = not reported due to number ≤10.

Table 2.  Adjusted Odds Ratios for Severe Sepsis by 
Maternal Characteristics and Comorbidities

Maternal characteristics
aOR  

(95% CI)

Population-
attributable 

fractiona

Demographics
  Age
   ≤20 y 0.9 (0.7–1.1)
   21–34 y Reference
   ≥35 y 1.5 (1.2–1.8)
  Race
   Caucasian Reference
   African American 2.1 (1.7–2.6)
   Hispanic 1.0 (0.8–1.3)
   Other 1.2 (0.9–1.7)
   Missing 1.1 (0.9–1.3)
  Insurance type
   Private Reference
   Medicaid 1.6 (1.4–1.9)
   Self-pay 1.4 (0.9–2.0)
   Other 1.4 (0.9–2.3)
   Missing 1.8 (0.8–3.7)
  Year of delivery
   1998–2000 Reference
   2001–2003 1.2 (0.9–1.5)
   2004–2006 1.5 (1.2–1.8)
   2007–2008 2.0 (1.6–2.4)
Delivery volume of hospital
  <1000 per year Reference
  1001–2500 1.9 (1.4–2.4)
  2501–5000 2.2 (1.7–2.8)
  5001–7500 2.2 (1.6–3.1)
  >7500 2.1 (1.3–3.4)
Obstetric factors
  Rescue cerclage 9.8 (3.0–32.7) 0.3%
  Prophylactic cerclage 3.4 (1.8–6.2) 0.8%
  PPROM 2.5 (1.8–3.5) 2.6%
  Retained products of conception 4.5 (2.8–7.4) 1.5%
  Multiple gestation 1.8 (1.2–2.5) 0.9%
Comorbidities
  Congestive heart failure 135 (93.6–194.6) 5.9%
  Chronic liver disease 55.9 (19.7–158.4) 0.7%
  Chronic renal disease 33.7 (11.0–102.5) 0.6%
  Systemic lupus erythematous 9.4 (5.2–16.7) 1.4%
  HIV 3.2 (1.3–7.6) 0.5%
  Diabetes mellitus 1.1 (0.9–1.5)
  Obesity 0.8 (0.4–1.4)

All factors were adjusted using a full model fit of all variables within the table.
aOR = adjusted odds ratio; CI = confidence interval; PPROM = preterm 
premature rupture of membranes; HIV = human immunodeficiency virus.
aPopulation-attributable fractions are only reported for statistically significant 
aORs.
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4. Who is at increased risk of sepsis in the puerperium?

Multiple risk factors for maternal sepsis have been identified by CMACE (Table 1).1,2 Many of those who died
in the UK CMACE survey 2005–2008 had one or more risk factors. 

Table 1. Risk factors for maternal sepsis as identified by the Confidential Enquiries into Maternal Deaths1,2

Obesity

Impaired glucose tolerance / diabetes

Impaired immunity / immunosuppressant medication

Anaemia

Vaginal discharge

History of pelvic infection

Amniocentesis and other invasive procedures

Cervical cerclage

Prolonged spontaneous rupture of membranes

Vaginal  trauma, caesarean section, wound haematoma

Retained products of conception

GAS infection in close contacts / family members

Black or minority ethnic group origin

Another recognised risk factor for sepsis in the puerperium is acquisition or carriage of invasive organisms,
especially GAS.1,2,4,5

5. What are the common organisms causing sepsis in the puerperium, including hospital-
acquired infection? 

The major pathogens causing sepsis in the puerperium are:
● GAS, also known as Streptococcus pyogenes
● Escherichia coli
● Staphylococcus aureus
● Streptococcus pneumoniae
● meticillin-resistant S. aureus (MRSA), Clostridium septicum and Morganella morganii.

GAS is increasingly causing invasive infections worldwide and was directly responsible for 13 of the 29 maternal
deaths from infection in the UK during 2006–2008.1

Since the 2003–2005 survey,2 MRSA carriage and infection has increased worldwide, with rates of 2.1%
reported in mothers in the puerperium in the USA.6 The CMACE report identified one maternal death from
Panton–Valentine leukocidin (PVL)-producing MRSA following caesarean section.1

Gram-negative bacteria that produce extended-spectrum beta-lactamases (ESBL) are an increasingly common
cause of co-amoxiclav- and cephalosporin-resistant urinary tract infections and caused one of the maternal
deaths in the CMACE report.1 Since 2003, the UK incidence of ESBL-producing bacteria has increased to more
than 12% of coliform bacteria. This may have implications for use of cephalosporins for infections in penicillin-
allergic women. Clostridium spp. remain uncommon causes of death from sepsis in the puerperium, with one
case of C. septicum reported post-termination of pregnancy.1

6. What are the likely causes of sepsis outside the genital tract and how might they be identified?

A general history and examination should be carried out to try and identify the source of sepsis.

Women should be assessed clinically and, if unwell or with dehydration or vomiting, admission should
be considered.

!

!
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factor cited in the development of all urinary tract infections in pregnancy, and hence it
is an exceedingly common diagnosis among medically indigent patients.10

The disease most commonly presents after the first trimester with fever, lumbar
pain, shaking chills, nausea, and vomiting. On examination, costovertebral angle
tenderness is generally noted and laboratory findings include microscopic bacteriuria
and pyuria on urinalysis verified by a positive urine culture.11 Fetal tachycardia can
also be seen depending on the degree of maternal pyrexia. Normal bowel flora is
the most commonly isolated organisms, with 70% to 80% of cases arising from
Escherichia coli infection.12 Klebsiella, Proteus, and Enterobacter account for most
of the remaining cases, although a small number are caused by group B and entero-
coccal streptococci.

Box 1
Organisms involved with maternal sepsis

Gram-positive cocci

Pneumococcus

Streptococcus A and B

Enterococcus faecalis

Staphylococcus aureus

Gram-negative rods

Escherichia coli

Haemophilus influenza

Klebsiella

Enterobacter spp

Proteus spp

Pseudomonas spp

Serratia spp

Gram-positive rods

Listeria monocytogenes

Anaerobes

Bacteroides spp

Prevotella

Clostridium perprfringens

Fusobacterium spp

Peptococcus

Peptostreptococcus

Fungal species

Viral organisms

Herpes and varicella

HIV

Influenza A and B
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A B S T R A C T
Goal-directed therapy (GDT) describes the protocolized use of cardiac output and related parameters as end-points 
for fluid and/or inotropic therapy administration. Identifying the patient who will benefit from it has implications 
throughout perioperative management. The fundamental principle behind GDT is optimizing tissue perfusion by 
manipulating heart rate, stroke volume, hemoglobin and arterial oxygen saturation to improve oxygen delivery by 
using fluids, inotropes, red blood cells and supplementary oxygen. Although cardiac output and SvO2 were previ-
ously measured using the pulmonary artery catheter, a number of less invasive methods are now available. For in-
traoperative GDT, the esophageal Doppler-derived Flow Time correct (FTc) is the parameter used most frequently, 
although other parameters such as stroke volume obtained from Vigileo, PICCO and/or LiDCO, mixed and/or 
central venous oxygen saturation (SvO2/ScvO2), oxygen delivery and global end diastolic volume (PiCCO system) 
may be applied in daily clinical practice. The correct target to be followed during the intraoperative period must be 
clearly established. Most parameters depend primarily on O2 consumption and are not reliable or useful during an-
esthesia. To date, the quantity and the type of fluids to administer during major elective surgery remain an object of 
continuing debate. In conclusion, in terms of evidence-based medicine, GDT during anesthesia has a clinical impact 
when performed using an FTc-based fluids algorithm protocol. In contrast, GDT can be considered unreliable if 
confusing targets such as SvO2 or ScvO2 higher than 70% during anesthesia are followed. 
(Minerva Anestesiol 2011;77:545-53)
Key words: Body fluids - Anesthesia - Hemodynamics - Perioperative period. 

Goal-directed therapy (GDT) is a term that 
describes the use of cardiac output (CO), ox-

ygen delivery (DO2), mixed or central venous oxy-
gen saturation (SvO2-ScvO2) or surrogates such as 
flow-directed time (FTc) measurement for fluids, 
red blood cells and inotropic therapy guidance, in 
an effort to ensure adequate tissue perfusion and 
cellular oxygenation. The rationale behind GDT 
is that restoring or improving oxygen delivery re-
pays or prevents an oxygen debt due to improved 
cardiovascular function, anticipating the increase 
in oxygen demand during surgery. The main 
objective is to maintain tissue perfusion while 
minimizing hepatosplanchnic ischemia and thus 

assuring organic function. Mythen et al. showed 
that 60% of patients undergoing major surgery 
had gut hypoperfusion.1 Optimization needs to 
be achieved at an early stage prior to organ dam-
age; it is ineffective or even harmful when per-
formed later. The normal physiological response 
to surgery is an increase in cardiac output, result-
ing in the augmentation of oxygen delivery. Shoe-
maker showed that those who could not increase 
their oxygen delivery developed an oxygen debt.2, 

3 The proposition is that the speed at which this 
debt is repaid determines not only the likelihood 
of death but also the incidence of complications 
such as infections and multiple organ failure, in 

Goal-directed therapy in anesthesia: any 
clinical impact or just a fashion?
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Las repercusiones sobre el feto no dependen tanto de la acción directa del 
daño inflamatorio (posible), cuanto de la importante caída en el flujo 
hemático hacia la placenta.

Mantener la perfusión periférica es esencial para mantener el feto en 
buenas condiciones. En principio ningún tipo de fluido o droga vasoactiva es 
contraindicada durante el embarazo, siempre que se mantenga un suficiente 
flujo placentario.

A partir de la semana 24 cualquier feto debería considerarse viable, por lo 
tanto es fundamental emplear técnicas de monitoreo del bienestar fetal, a 
complemento del monitoreo de la madre.

Finalizar el embarazo es una decisión compleja que debería tener en 
consideración la situación maternal y la viabilidad y desarrollo del feto.

Consideraciones fetales
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Umbilical venous and arterial pH are normally
regulated to approximately 7.41 and 7.38, respect-
ively [23]. Placental diffusion of carbon dioxide is
largely unhindered, whereas lactate and other acids

cross more slowly. For this reason, maternal lactic
acid accumulation during sepsis rarely contributes
to fetal metabolic acidosis; similarly, once fetal
metabolic acidosis is established, acids are

0.4

0.3

0.2

0.1

0
0 0.5

Umbilical blood flow x venous O2 content
(mmol/min/kg fetus)

Fetal oxygen uptake
(mmol/min/kg fetus)

1.0

FIGURE 2. Relationship between fetal oxygen uptake (i.e. consumption) to oxygen delivery via the umbilical vein. Dotted lines
illustrate the ‘margin of safety’ for oxygen delivery to the fetus, whereby oxygen delivery can decrease by 50% yet still allow
for relatively normal fetal oxygen consumption. Fetal oxygen consumption and arterial base excess remain within normal limits
when oxygen delivery is greater than 0.6 mmol/min/kg. Figure based on pregnant ewe data reported by Wilkening and
Meschia [19].
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FIGURE 3. The oxyhemoglobin dissociation curve under standard conditions in the fetus, nonpregnant women, and pregnant
women. The shaded region represents the fetal range of oxygen partial pressure and highlights its existence on the steep portion
of the oxyhemoglobin curve. Minor reductions in oxygen supply can lead to significant decreases in fetal oxygen saturation.
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 CURRENTOPINION Fetal optimization during maternal sepsis:
relevance and response of the obstetric
anesthesiologist

Anthony Chaua,b and Lawrence C. Tsena,c

Purpose of review
In many labor and delivery units, the obstetric anesthesiologist is often responsible for managing and
stabilizing the acutely septic parturient. The management of maternal sepsis has been summarized
previously; this study will focus on the implications of maternal sepsis on the fetus, and ways to optimize
fetal outcomes.

Recent findings
Although the complex pathophysiology of sepsis is being better understood, the incidence of maternal
severe sepsis and deaths continues to increase. The differential sensitivities of systemic and uterine
vasculature to catecholamines during pregnancy and the role of fetal inflammatory responses have recently
been further elucidated. Additional investigations on methods of fetal monitoring are needed to assist in
early identification of the compromised fetus. Despite decades of research, management of a septic
parturient and her fetus, including the most appropriate resuscitation fluids, vasopressors and hemodynamic
monitoring systems to maximize maternal and fetal outcomes, remain controversial.

Summary
In the setting of maternal sepsis, fetal optimization is frequently best accomplished by meeting maternal
hemodynamic, oxygenization, and infection treatment goals. Understanding the circulatory and
pathophysiologic changes that occur within the uteroplacental unit and fetus is essential to identifying and
resolving potential conflicts between maternal and fetal management goals.

Keywords
fetus, obstetric anesthesia, pregnancy, sepsis

INTRODUCTION
Even before Pasteur and Koch proposed their
microbial theory of infectious diseases, maternal
and fetal mortality were frequently the con-
sequences of maternal sepsis. More than a century
later, despite our greater appreciation of the com-
plex pathophysiology that occurs with infections,
the incidence of maternal severe sepsis and sepsis-
related deaths is increasing [1&&]. The United States
Centers for Disease Control and Prevention reported
that infection/sepsis accounted for 14% of the 2689
pregnancy-related maternal deaths between 2006
and 2009, making it the second only to cardio-
vascular diseases (14.6%) [2&]. In other developed
countries such as the UK, deaths due to sepsis have
nearly doubled over the past decade, rendering
sepsis the leading cause of direct maternal death [3].

Fetal and maternal management strategies
during sepsis are often complementary; however,
conflicts can arise on several occasions. First, fetal

oxygenation, metabolic exchange, and fluid
status depend on active and passive transport
from the maternal circulation; as a consequence,
optimal maternal oxygenation, fluid adminis-
tration, and circulatory support thresholds may
need to be altered for fetal benefit. Second, although
the fetal-placental unit increasingly competes
with maternal demands, pregnancies are often
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 CURRENTOPINION Fetal optimization during maternal sepsis:
relevance and response of the obstetric
anesthesiologist

Anthony Chaua,b and Lawrence C. Tsena,c

Purpose of review
In many labor and delivery units, the obstetric anesthesiologist is often responsible for managing and
stabilizing the acutely septic parturient. The management of maternal sepsis has been summarized
previously; this study will focus on the implications of maternal sepsis on the fetus, and ways to optimize
fetal outcomes.

Recent findings
Although the complex pathophysiology of sepsis is being better understood, the incidence of maternal
severe sepsis and deaths continues to increase. The differential sensitivities of systemic and uterine
vasculature to catecholamines during pregnancy and the role of fetal inflammatory responses have recently
been further elucidated. Additional investigations on methods of fetal monitoring are needed to assist in
early identification of the compromised fetus. Despite decades of research, management of a septic
parturient and her fetus, including the most appropriate resuscitation fluids, vasopressors and hemodynamic
monitoring systems to maximize maternal and fetal outcomes, remain controversial.

Summary
In the setting of maternal sepsis, fetal optimization is frequently best accomplished by meeting maternal
hemodynamic, oxygenization, and infection treatment goals. Understanding the circulatory and
pathophysiologic changes that occur within the uteroplacental unit and fetus is essential to identifying and
resolving potential conflicts between maternal and fetal management goals.

Keywords
fetus, obstetric anesthesia, pregnancy, sepsis

INTRODUCTION
Even before Pasteur and Koch proposed their
microbial theory of infectious diseases, maternal
and fetal mortality were frequently the con-
sequences of maternal sepsis. More than a century
later, despite our greater appreciation of the com-
plex pathophysiology that occurs with infections,
the incidence of maternal severe sepsis and sepsis-
related deaths is increasing [1&&]. The United States
Centers for Disease Control and Prevention reported
that infection/sepsis accounted for 14% of the 2689
pregnancy-related maternal deaths between 2006
and 2009, making it the second only to cardio-
vascular diseases (14.6%) [2&]. In other developed
countries such as the UK, deaths due to sepsis have
nearly doubled over the past decade, rendering
sepsis the leading cause of direct maternal death [3].

Fetal and maternal management strategies
during sepsis are often complementary; however,
conflicts can arise on several occasions. First, fetal

oxygenation, metabolic exchange, and fluid
status depend on active and passive transport
from the maternal circulation; as a consequence,
optimal maternal oxygenation, fluid adminis-
tration, and circulatory support thresholds may
need to be altered for fetal benefit. Second, although
the fetal-placental unit increasingly competes
with maternal demands, pregnancies are often
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Saving Lives, Improving Mothers’ Care 2014 31

“Think Sepsis” at an early stage when 
presented with an unwell pregnant or 
recently pregnant woman, take the 
appropriate observations and act on them.

The key actions for diagnosis and 
management of sepsis are: 

• Timely recognition
• Fast administration of intravenous 

antibiotics
• Quick involvement of experts - senior 

review is essential

NHS England Patient Safety Alert NHS/
PSA/R/2014/015 (NHS England 2014a)

Box 3.1: SIRS screening and evaluation for Red Flag Sepsis (UK Sepsis Trust Primary Care Toolkit) 
(UK Sepsis Trust 2014)

a. Screening for SIRS

SIRS is confirmed if ANY TWO of the following are present:

Immediate

• New onset of confusion or altered mental state
• Temperature >38.3oC or <36oC
• Heart Rate >90 beats per minute*
• Respiratory Rate (counted over 60 seconds) >20 breaths per minute

Point of Care Test (commonly available)

• Blood Glucose >7.7mmol/L in the absence of known diabetes

Point of Care Test (not yet widely available)

• White cell count >12 or <4 x109/L

b. Evaluation for Red Flag Sepsis

Act immediately if ANY ONE of the following are present:

• Systolic BP <90mmHg (or >40mmHg fall from baseline)
• Heart rate >130 per minute
• Oxygen saturations <91%
• Respiratory rate >25 per minute
• Responds only to voice or pain/unresponsive

Point of Care test (not yet widely available)

• Lactate >2.0mmol/L

*Note the guidelines are not specific for pregnancy and these observations should be interpreted in the 
context of the normal physiology for the pregnant woman. RCOG guidance suggests using a threshold of 
100 beats per minute in pregnancy (RCOG Green-top Guideline 64a) (Royal College of Obstetricians and 
Gynaecologists 2012a).

Incomplete Assessment

Throughout this report the absence or incomplete 
recording of observations was a recurring theme. 
It was in the postnatal period where the absence 
of vital sign readings was most obvious. It cannot 

be over-stressed that all four of the physiological 
vital signs are as important as each other and an 
abnormality in any one should be taken seriously.
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Maternal deaths have decreased

Causes of mothers’ deaths 
Two thirds of mothers died from medical and mental 
health problems in pregnancy and only one third from 
direct complications of pregnancy such as bleeding.

Three quarters of women who died had medical or 
mental health problems before they became pregnant.

Women with pre-existing medical and mental health 
problems need:

•	 Pre-pregnancy advice
•	 Joint specialist and maternity care

Think Sepsis

Almost a quarter of women who died had 
Sepsis (severe infection).

Women with sepsis need:

•	 Early diagnosis
•	 Rapid antibiotics
•	 Review by senior doctors and midwives

Prompt treatment and action can make 
the difference between life and death

Prevent Flu

1 in 11 of the women died from Flu

More than half of these women’s deaths 
could	have	been	prevented	by	a	flu	jab.

Flu vaccination will save mothers’ and   
babies’ lives
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Criterios diagnósticos

summarizes the criteria for the spectrum of responses in SIRS. The PIRO staging system
has been introduced recently as an improvement on the aforementioned definition
of sepsis.31 It focuses on predisposing factors, insult (infection in the case of sepsis),
response of the host and organ dysfunction. The clinical response to sepsis can be
extremely variable and the diagnosis of sepsis is not always straightforward. A consensus
panel documented variables to assist in the diagnosis of sepsis,31 and these variables are
summarized in Table 2.

Infection

Infection is a microbial phenomenon characterized by an inflammatory response to the
presence of micro-organisms, or the invasion of normally sterile host tissue by those
organisms.

Bacteraemia

Bacteraemia is the presence of viable bacteria in the bloodstream. Bacteraemia per se
is not pathognomonic of an infection.

Hypotension

Hypotension is a systolic blood pressure of <90 mmHg, or a reduction in blood pres-
sure of >40 mmHg from baseline in the absence of other causes of hypotension.

Multi-organ dysfunction syndrome

MODS is the presence of altered organ function in an acutely ill patient such that
homeostasis cannot be maintained without intervention.

Table 1. Systemic inflammatory response syndrome (SIRS).

SIRS Two of the following:
! Temperature >38 "C or <36 "C
! Heart rate >90 beats/min
! Respiratory rate> 20 breaths/min or PaCO2<32 mmHg (4.3 kPa)
! White cell count:

- >12 000 cells/mm3 or
- <4000 cells/mm3 or
- 10% immature/band forms

Sepsis ! SIRS with infection
Severe sepsis ! Sepsis associated with organ dysfunction, hypoperfusion or hypotension.

Hypoperfusion and perfusion abnormalities may include, but are not limited to,
lactic acidosis, oliguria or an acute alteration in mental status

Septic shock ! Sepsis associated with hypotension, despite adequate fluid resuscitation
along with the presence of perfusion abnormalities as listed for severe
sepsis. Patients who are on inotropic or vasopressor agents may not be
hypotensive at the time that perfusion abnormalities are measured

866 F. Paruk
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Maternal Physiologic Parameters in
Relationship to Systemic Inflammatory
Response Syndrome Criteria
A Systematic Review and Meta-analysis

Melissa E. Bauer, DO, Samuel T. Bauer, MD, Baskar Rajala, MBBS, Mark P. MacEachern, MLIS,
Linda S. Polley, MD, David Childers, MA, and David M. Aronoff, MD

OBJECTIVE: To establish the normal maternal range in
healthy pregnant women for each component of the
systemic inflammatory response syndrome (SIRS) criteria
and compare these ranges with existing SIRS criteria.

DATA SOURCES: PubMed, Embase, and ClinicalTrials.
gov databases were searched to identify studies of
healthy parturients from the first trimester through 12
weeks postpartum that reported maternal temperature,
respiratory rate, PaCO2, heart rate, white blood cell
count data, or a combination of these.

METHODS OF STUDY SELECTION: Data were extracted

from studies providing maternal values for components
of SIRS criteria. The mean, standard deviation, and two
standard deviations from the mean for all criteria
parameters published in the literature were reported.

TABULATION, INTEGRATION, AND RESULTS: Eighty-

seven studies met inclusion criteria and included 8,834
patients and 15,237 data points: temperature (10 studies
and 2,367 patients), respiratory rate (nine studies and 312
patients), PaCO2 (12 studies and 441 patients), heart rate
(39 studies and 1,374 patients), and white blood cell
count (23 studies and 4,553 patients). Overlap with SIRS
criteria occurred in healthy pregnant women during the
second trimester, third trimester, and labor for each of
the SIRS criteria except temperature. Every mean value
for PaCO2 during pregnancy (and up to 48 hours post-
partum) was below 32 mm Hg. Two standard deviations
above the mean for temperature, respiratory rate, and
heart rate were 38.1˚C, 25 breaths per minute, and 107
beats per minute, respectively.

CONCLUSION: Current SIRS criteria often overlap with

normal physiologic parameters during pregnancy and the
immediate postpartum period; thus, alternative criteria
must be developed to diagnose maternal sepsis.
(Obstet Gynecol 2014;124:535–41)

DOI: 10.1097/AOG.0000000000000423

In the United Kingdom, sepsis was the leading cause
of maternal direct death for the triennium 2006–2008.1

Maternal severe sepsis and sepsis-related deaths in the
peripartum period have doubled in the United States
during the years 1998–2008.2 Delay in diagnosis and
treatment of sepsis has been shown to increase mortality
in the general population and inquiry into maternal
sepsis-related deaths revealed that delay in diagnosis
and treatment contributed to maternal deaths.1,3
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these. Values in randomized controlled trials were ex-
tracted from control groups and before treatment in
interventional studies. Exclusion criteria included: case
reports, case series, correspondence, systematic reviews,
reviews, editorials, non-English language, inability to
establish or demonstrate gestational age, indeterminate
number of weeks postpartum, values displayed only in
graphical form without numeric values listed for mean,
SD from the mean, standard error, or both, PaCO2
values not from arterial samples, and white blood cell
count values not specified when drawn during labor.
Heart rate values did not include values during active
pushing and were collected for any patient position.
White blood cell count increased with length of labor
and cervical dilation6,7 and was separated into two
groups: white blood cell count at admission or early
labor (less than 4 cm or 6 hours of labor) and late labor
(greater than 4 cm or 6 hours of labor). Postpartum
values for patients with a cesarean delivery were
excluded as a result of a possible confounding effect
on the white blood cell count in the postpartum
period.8,9 Postpartum patients were separated into two
groups: the first 48 hours postpartum and 4–12 weeks
postpartum (representing baseline nonpregnant values).

The inverse-weighting technique was used to
obtain an aggregate measure of the mean response
where the weight of an individual study mean was
inversely proportional to the sampling variance of the
mean in that individual study. Standard deviations
were computed by pooling variances across studies.
The pooled variance was computed as the weighted
average of the individual study variances where the
weight of an individual study was that study’s sample
size. All analyses were performed separately for each
outcome measure (white blood cell count, tempera-
ture, etc) and for each time period (first trimester,
second trimester, etc) using R 2.14.1.

RESULTS
The study selection process is described in Figure 1.
The PubMed and Embase database searches yielded
a total of 10,427 unique, potentially relevant studies
from which 271 abstracts were selected based on
inclusion criteria for further review. After abstract
evaluation, 228 articles were selected for full text
evaluation for inclusion. This yielded 87 articles that
met criteria for data extraction. No additional studies
were identified through a citation, bibliography, or

Fig. 2. Normal temperature varia-
tion during pregnancy and post-
partum. Mean is indicated by the
center of each forest plot, 1 stan-
dard deviation (SD) is indicated by
a solid line, and a dotted line in-
dicates 2 SDs from the mean.
Vertical dotted lines indicate sys-
temic inflammatory response syn-
drome criteria for each parameter.
Bauer. SIRS Criteria in Pregnancy.
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ClinicalTrials.gov search. From the selected 87 stud-
ies, there were 8,834 patients and 15,237 observa-
tions. Combined studies for temperature included
2,367 patients with 2,427 observations from 10 stud-
ies, respiratory rate included 312 patients with 887
observations from nine studies, PaCO2 included 441
patients and 549 observations from 12 studies, heart
rate included 1,374 patients with 3,196 observations
from 39 studies, and white blood cell count included
4,553 patients with 8,178 observations from 23 stud-
ies. Six articles met criteria for more than one com-
ponent of the SIRS criteria.

Results are displayed in Figures 2–5. Overlap
with SIRS criteria occurred in healthy pregnant
women during the second trimester, third trimester,
and labor for each of the SIRS criteria except tem-
perature. Every mean value during all trimesters,
labor, and postpartum up to 48 hours for PaCO2
was below 32 mm Hg. During early labor, late labor,
and up to 48 hours postpartum, 2 SDs from the
mean for white blood cell count was 17.5, 18.1,
and 23.13109/L, respectively. Two SDs from the
mean for temperature, respiratory rate, and heart
rate were 38.1°C, 25 breaths per minute, and 107
bpm, respectively.

Detailed information for each included study
is listed in Appendices 3–7, available online at
http://links.lww.com/AOG/A542.

CONCLUSION
This systematic review demonstrates that the normal
range for physiologic and laboratory parameters
during pregnancy and immediately postpartum sub-
stantially overlaps with SIRS criteria. For example,
values for respiratory rate, PaCO2, heart rate, and
white blood cell count during normal pregnancy meet
criteria for SIRS, thus reducing the specificity and use
of those indices for diagnosing sepsis in pregnant and
postpartum women.

Temperature values for healthy pregnant and
postpartum women within 1 SD from the mean did
not include values greater than 38°C. The highest sec-
ond SD from the mean for temperature was during
the third trimester at 38.1°C. There were only four
eligible studies (89 observations) in this time period.
These findings are consistent with the definition of
puerperal fever as greater than 38°C,10 suggesting that
fever greater than 38°C persisting more than 1 hour
warrants evaluation and appropriate intervention.
Fever is generally present in 95–100% of cases of clin-
ical chorioamnionitis or other uterine infections.11

This current study demonstrates that the SIRS
criterion of PaCO2 less than 32 mm Hg is not valid in
pregnant or immediately postpartum women. PaCO2
was less than 32 mm Hg for all stages of pregnancy up
to 48 hours postpartum reflecting normal maternal
physiology. The nadir value for PaCO2 was during

Fig. 3. Normal respiratory rate (A) and PaCO2 (B) variation during pregnancy and postpartum. Mean is indicated by the
center of each forest plot, 1 standard deviation (SD) is indicated by a solid line, and a dotted line indicates 2 SDs from the
mean. Vertical dotted lines indicate systemic inflammatory response syndrome criteria for each parameter.
Bauer. SIRS Criteria in Pregnancy. Obstet Gynecol 2014.
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Review

Maternal Physiologic Parameters in
Relationship to Systemic Inflammatory
Response Syndrome Criteria
A Systematic Review and Meta-analysis

Melissa E. Bauer, DO, Samuel T. Bauer, MD, Baskar Rajala, MBBS, Mark P. MacEachern, MLIS,
Linda S. Polley, MD, David Childers, MA, and David M. Aronoff, MD

OBJECTIVE: To establish the normal maternal range in
healthy pregnant women for each component of the
systemic inflammatory response syndrome (SIRS) criteria
and compare these ranges with existing SIRS criteria.

DATA SOURCES: PubMed, Embase, and ClinicalTrials.
gov databases were searched to identify studies of
healthy parturients from the first trimester through 12
weeks postpartum that reported maternal temperature,
respiratory rate, PaCO2, heart rate, white blood cell
count data, or a combination of these.

METHODS OF STUDY SELECTION: Data were extracted

from studies providing maternal values for components
of SIRS criteria. The mean, standard deviation, and two
standard deviations from the mean for all criteria
parameters published in the literature were reported.

TABULATION, INTEGRATION, AND RESULTS: Eighty-

seven studies met inclusion criteria and included 8,834
patients and 15,237 data points: temperature (10 studies
and 2,367 patients), respiratory rate (nine studies and 312
patients), PaCO2 (12 studies and 441 patients), heart rate
(39 studies and 1,374 patients), and white blood cell
count (23 studies and 4,553 patients). Overlap with SIRS
criteria occurred in healthy pregnant women during the
second trimester, third trimester, and labor for each of
the SIRS criteria except temperature. Every mean value
for PaCO2 during pregnancy (and up to 48 hours post-
partum) was below 32 mm Hg. Two standard deviations
above the mean for temperature, respiratory rate, and
heart rate were 38.1˚C, 25 breaths per minute, and 107
beats per minute, respectively.

CONCLUSION: Current SIRS criteria often overlap with

normal physiologic parameters during pregnancy and the
immediate postpartum period; thus, alternative criteria
must be developed to diagnose maternal sepsis.
(Obstet Gynecol 2014;124:535–41)

DOI: 10.1097/AOG.0000000000000423

In the United Kingdom, sepsis was the leading cause
of maternal direct death for the triennium 2006–2008.1

Maternal severe sepsis and sepsis-related deaths in the
peripartum period have doubled in the United States
during the years 1998–2008.2 Delay in diagnosis and
treatment of sepsis has been shown to increase mortality
in the general population and inquiry into maternal
sepsis-related deaths revealed that delay in diagnosis
and treatment contributed to maternal deaths.1,3
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ClinicalTrials.gov search. From the selected 87 stud-
ies, there were 8,834 patients and 15,237 observa-
tions. Combined studies for temperature included
2,367 patients with 2,427 observations from 10 stud-
ies, respiratory rate included 312 patients with 887
observations from nine studies, PaCO2 included 441
patients and 549 observations from 12 studies, heart
rate included 1,374 patients with 3,196 observations
from 39 studies, and white blood cell count included
4,553 patients with 8,178 observations from 23 stud-
ies. Six articles met criteria for more than one com-
ponent of the SIRS criteria.

Results are displayed in Figures 2–5. Overlap
with SIRS criteria occurred in healthy pregnant
women during the second trimester, third trimester,
and labor for each of the SIRS criteria except tem-
perature. Every mean value during all trimesters,
labor, and postpartum up to 48 hours for PaCO2
was below 32 mm Hg. During early labor, late labor,
and up to 48 hours postpartum, 2 SDs from the
mean for white blood cell count was 17.5, 18.1,
and 23.13109/L, respectively. Two SDs from the
mean for temperature, respiratory rate, and heart
rate were 38.1°C, 25 breaths per minute, and 107
bpm, respectively.

Detailed information for each included study
is listed in Appendices 3–7, available online at
http://links.lww.com/AOG/A542.

CONCLUSION
This systematic review demonstrates that the normal
range for physiologic and laboratory parameters
during pregnancy and immediately postpartum sub-
stantially overlaps with SIRS criteria. For example,
values for respiratory rate, PaCO2, heart rate, and
white blood cell count during normal pregnancy meet
criteria for SIRS, thus reducing the specificity and use
of those indices for diagnosing sepsis in pregnant and
postpartum women.

Temperature values for healthy pregnant and
postpartum women within 1 SD from the mean did
not include values greater than 38°C. The highest sec-
ond SD from the mean for temperature was during
the third trimester at 38.1°C. There were only four
eligible studies (89 observations) in this time period.
These findings are consistent with the definition of
puerperal fever as greater than 38°C,10 suggesting that
fever greater than 38°C persisting more than 1 hour
warrants evaluation and appropriate intervention.
Fever is generally present in 95–100% of cases of clin-
ical chorioamnionitis or other uterine infections.11

This current study demonstrates that the SIRS
criterion of PaCO2 less than 32 mm Hg is not valid in
pregnant or immediately postpartum women. PaCO2
was less than 32 mm Hg for all stages of pregnancy up
to 48 hours postpartum reflecting normal maternal
physiology. The nadir value for PaCO2 was during

Fig. 3. Normal respiratory rate (A) and PaCO2 (B) variation during pregnancy and postpartum. Mean is indicated by the
center of each forest plot, 1 standard deviation (SD) is indicated by a solid line, and a dotted line indicates 2 SDs from the
mean. Vertical dotted lines indicate systemic inflammatory response syndrome criteria for each parameter.
Bauer. SIRS Criteria in Pregnancy. Obstet Gynecol 2014.
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labor and returned to baseline values during the 4- to
12-week postpartum period.

The highest second SD for respiratory rate occurred
during labor and was 25 breaths per minute. Respira-
tory rate peaks during labor and returns back to baseline
during the 4- to 12-week postpartum period. During the
third trimester and during labor, a respiratory rate
greater than 20 per minute is within 1 SD; however,
by 48 hours postpartum, the respiratory rate decreases
and returns back to baseline during the 4- to 12-week
postpartum period. Although it appears from our data
that the respiratory rate increases during gestation and
labor, there is overlap between the SDs likely related to
heterogeneity between studies and patients. However,
our data may be limited by the small number of studies
(nine) and patients (312).12–20 A respiratory rate greater
than 20 per minute indicates hyperventilation and a pos-
sible acidotic state in nonpregnant patients and tachyp-
nea on arrival to the hospital has been found to
significantly correlate with severity of sepsis in the gen-
eral population.21 Future research is required to deter-
mine whether and to what degree hyperventilation is an

early marker of sepsis in pregnancy and the immediate
postpartum period. Maternal heart rate values greater
than 90 beats per minute were within 2 SDs for the time
periods starting in the first trimester through 48 hours
postpartum. Although there were 1,374 patients sampled,
there was a wide range of heart rate means reported
across all studies. As a result of the physiologic increase
in heart rate of pregnant women, a higher threshold for
heart rate may be needed to identify sepsis. A heart rate
of 107 bpmwas 2 SDs above the mean and lends support
to the recommendations of Barton and Sibai22 who
advised a sepsis evaluation at greater than 110 bpm in
pregnant women.

There are a number of limitations with respect to
this study. First, there was a relative scarcity of temper-
ature data. Our study contained only a baseline temper-
ature at admission for labor or induction. However,
temperature increases with labor and epidural analgesia.

A further limitation involves the difficulty of
establishing a mean white blood cell count as a result
of normal variation during labor. It has been shown that
white blood cell count increases with length of time

Fig. 4. Normal heart rate variation
during pregnancy and postpartum.
Mean is indicated by the center of
each forest plot, 1 standard devi-
ation (SD) is indicated by a solid
line, and a dotted line indicates 2
SDs from the mean. Vertical dotted
lines indicate systemic inflamma-
tory response syndrome criteria for
each parameter.
Bauer. SIRS Criteria in Pregnancy. Ob-
stet Gynecol 2014.
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Diagnóstico
Además, las alteraciones hemodinámicas características de la SIRS y de la 
sepsis no difieren significativamente del cuadro hemodinámico fisiológico de 
la mujer embarazada, añadiendo dificultad al diagnóstico y comprometiendo 
a menudo el cuadro general (la mujer embarazada posee menos reserva 
funcional que un paciente general).
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Diagnóstico

Hospital-acquired infection

Hospital-acquired infection is an infection that occurs 48 h following hospital admis-
sion, which was not incubating at the time of hospital admission.

Intensive-care-unit-acquired infection

Intensive care unit (ICU)-acquired infection is an infection that occurs 48 h following
admission to an ICU, which was not incubating at the time of ICU admission.

Ventilator-acquired pneumonia

Ventilator-acquired pneumonia is pneumonia that occurs more than 48 h following
intubation.

CLASSIFICATION

Table 3 classifies infections observed in critically ill pregnant patients.

Table 2. Extended criteria for the diagnosis of sepsis in the context of suspected or confirmed infection.

General ! Temperature >38.3 "C or <36 "C
! Heart rate > 90 beats/min or >2 SD above the normal value for age
! Tachypnoea
! Altered mental status
! Significant oedema or positive fluid balance (>20 mL/kg/24 h)
! Hyperglycaemia (>120 mg/dL or >7.7 mmol/L)

Inflammatory ! White blood cell count >12 000/mL or <4000/mL
! Normal white blood cell count with >10% immature forms
! Plasma C-reactive protein >2 SD above the normal value
! Plasma procalcitonin >2 SD above the normal value

Haemodynamic ! SBP <90 mmHg or MAP <70 mmHg or a decrease in SBP of >40 mmHg
or <2 SD below normal for age
! ScvO2 >70%
! Cardiac index >3.5 L/min/m2

Organ dysfunction ! PaO2/FiO2 <300
! Urine output <0.5 mL/kg/h
! Creatinine increase >0.5 mg/dL
! International normalized ratio >1.5 or activated partial thromboplastin

time >60 s
! Platelet count <100 000/mL
! Absent bowel sounds (ileus)
! Plasma total bilirubin >4 mg/dL or >70 mmol/L

Tissue perfusion ! Lactate >1 mmol/L
! Decreased capillary refill or mottling

SD, standard deviation; SBP, systolic blood pressure; MAP, mean arterial pressure; ScvO2, central venous
oxygen saturation; FiO2, fraction of inspired oxygen; PaO2, arterial oxygen tension.

Infection in obstetric critical care 867
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Saving Lives, Improving Mothers’ Care 2014 31

“Think Sepsis” at an early stage when 
presented with an unwell pregnant or 
recently pregnant woman, take the 
appropriate observations and act on them.

The key actions for diagnosis and 
management of sepsis are: 

• Timely recognition
• Fast administration of intravenous 

antibiotics
• Quick involvement of experts - senior 

review is essential

NHS England Patient Safety Alert NHS/
PSA/R/2014/015 (NHS England 2014a)

Box 3.1: SIRS screening and evaluation for Red Flag Sepsis (UK Sepsis Trust Primary Care Toolkit) 
(UK Sepsis Trust 2014)

a. Screening for SIRS

SIRS is confirmed if ANY TWO of the following are present:

Immediate

• New onset of confusion or altered mental state
• Temperature >38.3oC or <36oC
• Heart Rate >90 beats per minute*
• Respiratory Rate (counted over 60 seconds) >20 breaths per minute

Point of Care Test (commonly available)

• Blood Glucose >7.7mmol/L in the absence of known diabetes

Point of Care Test (not yet widely available)

• White cell count >12 or <4 x109/L

b. Evaluation for Red Flag Sepsis

Act immediately if ANY ONE of the following are present:

• Systolic BP <90mmHg (or >40mmHg fall from baseline)
• Heart rate >130 per minute
• Oxygen saturations <91%
• Respiratory rate >25 per minute
• Responds only to voice or pain/unresponsive

Point of Care test (not yet widely available)

• Lactate >2.0mmol/L

*Note the guidelines are not specific for pregnancy and these observations should be interpreted in the 
context of the normal physiology for the pregnant woman. RCOG guidance suggests using a threshold of 
100 beats per minute in pregnancy (RCOG Green-top Guideline 64a) (Royal College of Obstetricians and 
Gynaecologists 2012a).

Incomplete Assessment

Throughout this report the absence or incomplete 
recording of observations was a recurring theme. 
It was in the postnatal period where the absence 
of vital sign readings was most obvious. It cannot 

be over-stressed that all four of the physiological 
vital signs are as important as each other and an 
abnormality in any one should be taken seriously.
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MONITOREO

Probablemente la mayor alteración en curso de sepsis interesa el 
sistema hemodinámico.
Incluso antes que aparezca la hipotensión, el paciente séptico 
presenta una característica hiperdinamia, necesaria a compensar 
la precoz caída de las resistencia vasculares sistémicas.
Por esta razón, monitoreando el sistema hemodinámico, se puede 
llegar a un diagnóstico precoz, mientras que la normalización de 
los parámetros monitoreados permitirá un eficaz tratamiento.
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TRATAMIENTO

SARTD&CHGUV,Sesión,de,Formación,Con9nuada,
,Valencia,20,de,Enero,de,2015,



TRATAMIENTO

ANTIBIÓTICOS

HEMODINÁMICA

COAGULACIÓN
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Tratamiento - coagulación

Anticoagulación vs. Procoagulación
SARTD&CHGUV,Sesión,de,Formación,Con9nuada,
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El tratamiento antibiótico debería iniciarse cuanto 
antes (incluso si no es posible recoger muestras 
biológicas) procurando cubrir el mas amplio espectro 
de agentes patógenos, incluyendo cocos gram+, 
gram- y anaerobios. No descartar ni infecciones 
virales ni fúngicas. 

En cuanto se aísle un agente patógeno, deberá 
utilizarse el tratamiento quimioterápico más 
apropiado.

De todas formas, recordar siempre que en casi un 
quinto de los casos no es posible aislar un patógeno 
responsable del cuadro inflamatorio.

Tratamiento - antibióticos
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Hospitalization is generally recommended after the diagnosis of acute pyelone-
phritis given the risk of associated complications and 15% to 20% incidence of
bacteremia. Empiric treatment is initiated with ampicillin plus gentamycin, a cephalo-
sporin, or extended-spectrum penicillin. In most cases, appropriate antibiotic therapy
in addition to aggressive intravenous hydration leads to rapid clinical improvement
within 48 to 72 hours. However, up to one-fourth of women with severe infection
have evidence of multiorgan derangement.12

Failure to respond to first-line antibiotic treatment within 72 hours should prompt
evaluation for obstructive urinary tract lesions, such as urinary calculi and intrarenal
or perinephric abscesses, which often lead to continuing urosepsis without further
intervention. Endotoxin-mediated renal dysfunction with depressed glomerular filtra-
tion rate and hematologic abnormalities, such as anemia and thrombocytopenia,
are relatively common complications of renal infection. Less commonly, acute pyelo-
nephritis can result in respiratory insufficiency, which occurs in 1 in 50 women with
severe infection.13 Alveolar-capillary membrane permeability is altered by endotoxin
release leading to pulmonary edema, which is transient and responds to supplemental
oxygen in most women; however, in rare cases, the alveolar damage can lead to
life-threatening respiratory distress syndrome.14

The most uncommon complication of acute pyelonephritis is septic shock. It is
clinically important to distinguish between true septic shock defined by persistent

Box 2
Prevalent antibiotics used in maternal sepsis

Gold standards

Clindamycin and gentamicin ! ampicillin

Routine

Vancomycin and zosyn

Failure routine

Cephalosporins

Cefoxitin (second generation)

Cefotetan (second generation)

Effective gram positive, gram negative, and anaerobes

Cefotaxime (third generation)

Ceftriaxone (third generation)

More effective gram negative and some gram positive

Penicillin/b-lactamase inhibitors

Unasyn

Timentin

Zosyn

Carbepenams

Imepenam/cilistatin

Meropenam

Vancomycin

Morgan & Roberts72
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Tratamiento hemodinámico
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ShockShock SSéépticoptico

• Shock DISTRIBUTIVO
• Ļ TA
• Ļ RVS

• Shunt microvascular: areas con 
elevado flujo y poca demanda de O2, 
y otras con bajo flujo y elevada de 
manda de O2.
• Indices de Perfusión:

• Globales: parámetros clínicos, 
TA, [Lactato] en sangre, SvO2.
• Regionales: pH mucosa 
gástrica, PtiO2.





DO2 = GC*Hb*SpO2
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Tratamiento - hemodinámico

ALGORITMOS
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RVS GC ELWI

VASOCONSTRICTORES
(CORTICOSTEROIDES)

1) FLUIDOTERAPIA
2) INOTROPICOS
3) B-BLOQUEANTES ?

VENTILACIÓN MECANICA
(ALTA PEEP, BAJO TV)

Normalizar!
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A grade D recommendation supports the practice of obtaining two blood
cultures be obtained with at least one drawn peripherally and one drawn
through a central access device if available. If the clinical situation warrants
it, cultures of additional sites, including those from urine, wounds, respira-
tory secretions, and cerebrospinal fluid, should be performed. In the gravid
woman with preterm labor, ruptured membranes or suspected chorioamnio-
nitis, amniocentesis should be performed. In addition to culture, the
amniotic fluid can be sent for Gram stain, white count, and glucose levels
[48]. The results of these markers are available within hours, whereas culture
results usually take days. In selected hospitals, evaluation of the proinflam-
matory cytokines (TNF-a, IL-1 beat, and IL-6) may be available [49,50].

Suspected infection 

The High Risk Patient: SBP<90 mmHg after
20-40 cc/kg volume challenge or lactic acid

> 4 mmole/liter 

Antibiotics within 1 hour and Source Control

CVP

ScvO2

MAP

Goals
Achieved

Decrease
Oxygen

Consumption  

>8-12 mmHg 

>65-90 mmHg

>70% 

No

Vasoactive
Agent(s)

<8 mmHg 

<65 or >90 mmHg 

Crystalloid

Packed red blood
cells to Hct  >30% 

Ionotrope (s) 

<70%
<70% 

>70% 

Fig. 1. Overview of early goal directed therapy. CVP, central venous pressure; MAP, mean ar-
terial pressure; ScvO2, central venous oxygen saturation; SBP, systolic blood pressure. (From
Otero RM, Nguyen HB, Huang DT, et al. Early goal-directed therapy in severe sepsis and sep-
tic shock revisited concepts, controversies, and contemporary findings. Chest 2006;130(5):
1579–95; with permission.)
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20% increase in basalmetabolic rate com-
pared with a 40% to 50% increase in
cardiac output. The higher the cardiac
output, the faster the red blood cells travel
through the distal tissues. The latter will
decrease the time available for perfused
tissues to extract oxygen from hemo-
globin, leading to higher hemoglobin
saturation in the venous circulation. Con-
sequently, one would expect that during
pregnancy, SvO2 (and probably ScvO2)
would be higher than values in

nonpregnant patients. However, Hankins
et al15 reported a mean SvO2 of 72% in a
group of normal pregnant volunteers who
had a pulmonary artery catheter placed in
the third trimester. This value is not differ-
ent from those reported in healthy non-
pregnant individuals.

If decreased oxygen delivery is sus-
pected, attempts to improve oxygen deliv-
ery should follow. Further volume
expansion in an attempt to increase car-
diac output (if the CVP is <8mm Hg or,

Sepsis suspected • Obtain cultures 
• Start broad-spectrum antibiotics
• Immediate source control
• Ventilation support (ETT, NIPPV)

• Electronic fetal monitoring 
if > 24 weeks

• Early enteral nutrition
• DVT prophylaxis

Hemodynamic Management

• Start with fluid therapy 
(crystalloids 30 mL/kg initially)

• Target CVP > 8 mmHg

Patient on ventilator, not triggering, 
sinus rhythm, TV of 8–10 mL/kg

Patient spontaneously breathing, or on ventilator, but no sinus 
rhythm (cannot use pulse pressure variation)

Continue fluids until MAP>65 mmHg 
or as long as pulse pressure variation 
is > 13% if hypotension remains

Continue fluids until MAP> 65 mmHg  or as long as non 
invasive cardiac output increase > 10% with passive leg raising 
maneuver if hypotension remains

MAP remains < 65 mmHg despite fluid therapy

• Start norepinephrine (0.05–3.3 µg/kg/min)
• Titrate to MAP > 65 mmHg

Patient on norepinephrine and s/p initial fluid resuscitation

Persistent hypotension

• Start hydrocortisone 200 mg/day
• Start second-line pressors like epinephrine
• Consider vasopressin at 0.03–0.04 U/min

MAP> 65 mmHg achieved, 
UO > 0.5 cc/kg/hr, normal pulse

Serum lactic acid and ScVO2

If lactic acid > 2 mmol/L and/or 
ScVO2 < 70%

Patient with MAP > 65 mmHg 
with fluid therapy

Increase O2 delivery with PRBC’s 
(target hematocrit 30%) and/or 
dobutamine (2.5–20 µg/kg/min)

• Target hematocrit to increase oxygen delivery of 30% mainly used during the rst 6 hours of resuscitation as
part of the early goal-directed therapy concept. 

• At every point during the algorithm, the clinician should 
- reassess need for further uid after the initial resuscitation phase (documented by presence of pulse pressure

variation or cardiac output recruitability with passive leg raising).
- evaluate the fetal heart tracing. Worsening shock may require delivery.

_

_ _

_

_

_ 

FIGURE 1. Algorithm for hemodynamic management. CVP indicates central venous pressure;
DVT, deep venous thrombosis; ETT, endotracheal tube; MAP, mean arterial blood pressure;
NIPPV, non invasive positive pressure ventilation; PRBC, packed red blood cells; TV, tidal
volume; UO urine output.
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RVS GC ELWI

VASOCONSTRICTORES
(CORTICOSTEROIDES)

1) FLUIDOTERAPIA
2) INOTROPICOS
3) B-BLOQUEANTES ?

VENTILACIÓN MECANICA
(ALTA PEEP, BAJO TV)

• PVC
• PLR
• VVS (VPP)
• DELTA-VSI

X
X

X

Normalizar!
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Consideraciones finales
El diagnóstico precoz de sepsis es la clave del éxito, 
sobre todo porque el tratamiento (antibiótico + 
hemodinámico) será mas efectivo cuanto antes se 
introduzca.

Las alteraciones propias del embarazo (aumento del 
gasto cardiaco y de la frecuencia cardiaca, disminución 
de las resistencias vasculares, aumento de la 
frecuencia respiratoria) pueden confundir a la hora 
de aplicar los criterios diagnósticos de sepsis a una 
gestante. Por eso, ante la duda, hay que tratar la 
paciente con algoritmos apropiados a la sepsis.
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La dificultad para el organismo de proporcionar 
suficiente oxígeno a las células aisladas además por el 
edema y los microtrombos, puede ser solucionada 
manteniendo un adecuado (y a veces “supranormal”) 
transporte de oxigeno.

Es indispensable emplear un monitoreo adecuado.

La resuscitación (u optimización) debería emplear 
flu idoterap i a y f a rmacoterap i a de forma 
RAZONADA, guiándose por los parámetros 
avanzados del monitoreo hemodinámico.

Consideraciones finales
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Muchas gracias!
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