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ABSTRACT

facility’s emergency department and intensive care units
(ICUs) before the initiation of this project. e inpatient
obstetric units lacked a standardized screening process
because of multiple factors. ere is no nationally accepted
standard for sepsis screening in the maternity population;
therefore, there was no established process to screen
patients for sepsis in the maternity units. ere was a lack of
consensus among the clinical staﬀ about the applicability of
standardized sepsis treatment bundles in the obstetric patients. In particular, there were concerns about providing a
large intravenous ﬂuid bolus to a woman with preeclampsia
and lack of agreement on the utility of lactic acid as a marker
of end-organ dysfunction. e lack of a systematic method
to identify and treat sepsis in this population was recognized
as a potential threat to patient safety by facility interdisciplinary perinatal and sepsis quality improvement.
e third International Consensus deﬁnitions for sepsis
and septic shock (Sepsis-3) recommend the use of a quick
Sequential (Sepsis-related) Organ Failure Assessment score
(qSOFA) as a prompt to begin evaluation for end-organ
dysfunction.5 However, it lacks diagnostic utility in the
obstetric population, with a 50% sensitivity.6 Although
recent literature has indicated that there are potential
modiﬁcations of qSOFA for use in the obstetric population,7,8
those recommendations were published after the initiation
of this project.
e Centers for Medicare & Medicaid Services Early
Management Bundle, Severe Sepsis/Septic Shock core
measure (SEP-1), uses the presence of 2 or more systemic
inﬂammatory response system (SIRS) values as a component of the deﬁnition of severe sepsis.9 SIRS criteria have
been used in past screening tools to prompt evaluation for
the presence of infection. Clinicians caring for adults at the
study site rely on SIRS criteria to screen for sepsis per facility
guidelines. In the nonobstetric adult population, there are
widely accepted clinical criteria to deﬁne SIRS.10
A challenge with applying adult SIRS criteria to pregnant
women stems from the normal physiologic changes that

Introduction: Our objectives were to calculate the timeliness
of treatment following implementation of routine sepsis screening in
an inpatient obstetric population using obstetric-adjusted systemic
inﬂammatory response syndrome (SIRS) criteria, evaluate the performance of obstetric-speciﬁc screening criteria in the identiﬁcation
of sepsis, and to better characterize the frequency of end-organ
dysfunction associated with those who met the deﬁnition of sepsis.
Methods: Electronic medical record data were collected from
all pregnant or newly delivered women admitted for observation,
admission, or postpartum readmission in the hospital maternity
unit from March 1 through December 31, 2017 (n = 5075).
Combinations of SIRS criteria were collected and compared with
clinical indicators of end-organ dysfunction in those who met the
deﬁnition of sepsis. Maternal conditions and neonatal outcomes
were evaluated.
Results: In the study period, 204 cases of sepsis were identiﬁed
among 201 women, 2 of whom experienced multiple episodes of
sepsis, resulting in an incidence of sepsis of 4.0 per 100 livebirths.
There were 92 (45.2%) with sepsis and 112 (54.9%) with endorgan dysfunction. Two women were admitted to the intensive
care unit and no women died from sepsis.
Discussion: Use of a standardized, obstetric-speciﬁc sepsis
screening process provided for early identiﬁcation and treatment
of sepsis in this population. Fourteen unique combinations of SIRS
criteria were noted among those with sepsis; no combination was
uniquely associated with the severity of sepsis.
Conclusion: Pregnant and newly delivered women beneﬁtted
from implementation of routine sepsis screening; this resulted in
timely initiation of treatment.

INTRODUCTION
ere is growing attention to the morbidity and mortality
associated with sepsis, which remains the second leading
cause of maternal death in the United States.1 e rate of
severe maternal sepsis morbidity and mortality in the
United States rose between 1998 and 2008.2 e Surviving
Sepsis Campaign guidelines resulted in signiﬁcant decreases in sepsis-related mortality in the adult nonpregnant
population.3 However, these guidelines fail to account for
the normal physiologic changes of pregnancy. Although
evidence-based standardization of preeclampsia and obstetric hemorrhage care has decreased mortality for women
with those conditions,4 sepsis in the maternity population
has not yet received the same national attention.
Routine sepsis screening and treatment in the adult,
nonobstetric population was a standardized practice in our
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occur in pregnancy. Physiologic changes of pregnancy
mimic those seen with sepsis in a nonpregnant population.
Maternal heart rate, respiratory rate, and white blood cell
(WBC) count are usually elevated during pregnancy.11
Modiﬁcations of the standard adult SIRS screening
criteria have recently been proposed to account for the
normal changes of pregnancy to identify triggers for sepsis
evaluation.11-15 Fetal tachycardia is an additional marker of
systemic response and is variably used as a sign of maternal
sepsis.15-18 Given there is no single presentation of sepsis in
the obstetric population,19 clinical suspicion and a combination of clinical signs must be used for early detection.
In an eﬀort to improve the identiﬁcation and treatment of
sepsis in our inpatient obstetric population, we instituted
routine use of a Maternal Sepsis Screening Pathway in
February 2017. A second objective was to meet the SEP-1
requirements. e process implemented was designed to
meet requirements put forth by this measure. e purpose
of this paper is to report on the timeliness of treatment
provided as a result of this program, the frequency of obstetric sepsis identiﬁed using the Maternal Sepsis Screening
Pathway guidelines, and to evaluate the performance of
obstetric-speciﬁc screening criteria following program implementation. Maternal and neonatal complications and the type
and frequency of end-organ dysfunction present in this population will also be described.

METHODS
Guidelines for treatment of sepsis were created in association with the facility’s committees related to sepsis and
to perinatal patient safety and obstetric and maternal-fetal
medicine specialists. Care was provided per the clinical
judgment of the individual provider. Patient data were
collected and abstracted from the electronic medical record
and facility reports. Data were deidentiﬁed and stored in a
conﬁdential manner.
Approximately 6000 births occur annually at the study
site, which is a tertiary care center located in a suburban
setting in the western United States. Training of the obstetric physicians, certiﬁed nurse midwives, and nursing
staﬀ caring for patients in the ante-, intra-, and postpartum
units took place before implementation of the Maternal
Sepsis Screening Pathway program. Program leaders were
visible champions of the initiative and included a maternalfetal medicine physician, obstetric unit nurse managers, and
endorsement by facility sepsis and perinatal patient safety
committees.
e Maternal Sepsis Screening Pathway program uses
obstetric-adjusted SIRS criteria to prompt evaluation for
sepsis in the obstetric inpatient population. e obstetric
SIRS criteria used in this study included a higher maternal
heart rate, respiratory rate, and WBC count than are used
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with standard adult sepsis SIRS criteria. Two other California health care systems use obstetric-adjusted values in
their maternal sepsis screening criteria.15,20 Our criteria are
consistent with those health care systems and with Barton
& Sibai.13 Fetal tachycardia was included as a marker for
fetal response to infection. e remaining standard adult
SIRS criteria were used without modiﬁcation (Table 1).
Routine screening was completed by the obstetric nurse at
the time of the patient’s presentation to triage, upon admission, and once per shift. Women with an antepartum
admission or postpartum readmission were also routinely
screened. e presence of altered mental status, or 2 or more
SIRS criteria, act as a trigger for the nurse to confer with the
obstetric provider (either an obstetrician or certiﬁed nurse
midwife). Clinical evidence of SIRS prompted further
assessment for infection by the obstetric provider.
e SEP-1 guidelines deﬁne severe sepsis as the presence
of a source of infection, 2 SIRS criteria, and end-organ
dysfunction.9 e working deﬁnition of sepsis for the
Maternal Sepsis Screening Pathway was modiﬁed from the
institutional adult sepsis protocol and based on SEP-1 and
the 2016 Surviving Sepsis Campaign guidelines.21 In this
pathway, sepsis was deﬁned as a positive SIRS screen and a
suspected source of infection.
Initial evaluation included clinical assessment and laboratory assessment (complete blood count, lactic acid, bilirubin, activated partial thromboplastin time [APTT], blood
culture, urinalysis, chemistry panel). Cases of sepsis were
further categorized as: 1) sepsis, if there was no evidence of
end-organ dysfunction; 2) severe sepsis, with evidence of
end-organ dysfunction; or 3) septic shock in the presence
of a markedly elevated lactic acid level or if hypotension
was present and persisted despite volume resuscitation
(Table 2). Evaluation and stratiﬁcation of severity of sepsis
and treatment guidelines were determined in collaboration
with the facility committee on sepsis, the facility perinatal
patient safety committee, and in keeping with the treatment guidelines included in the SEP-1 initiative. In the
Maternal Sepsis Screening Pathway, assessment of endorgan dysfunction largely mirrors that used in the adult
nonobstetric population (Table 2). Creatinine values were
adjusted to reﬂect the lower values that are present in the
obstetric population as a result of the physiologic changes
of pregnancy.
Initial management included administration of intravenous ﬂuids and administration of antibiotic or antiviral
medication, as indicated by the speciﬁc suspected infection.
Evidence-based recommendations for patient care were
provided, but individual care was left to the discretion of the
obstetric provider. Intravenous ﬂuid resuscitation, either 2 L
of normal saline or 30 mL/kg of body weight, was indicated
for the diagnosis of severe sepsis or septic shock.
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Table 1. Systemic Inﬂammatory Response Syndrome values adjusted for an obstetric population
Adult, nonobstetric populationa

Variable
Altered mental status

Adjusted for obstetric population

Present

Same value

Low

> 100.4°F (38°C)

Same value

High

< 96.8°F (36°C)

Same value

Temperature

Heart rate

> 90 bpm

> 110 bpm

Respiratory rate

> 20 breaths per minute

> 24 breaths per minute

White blood cell count (mL)
Low

< 4000

Same value

High

> 12,000

> 15,000

Bands

> 10% bands

Same value

Fetal heart rate

Not included

> 160 bpm for 10 min

Comparison to adult, nonobstetric population values.
bpm = beats per minute.
a
Adult, nonobstetric Systemic Inﬂammatory Response Syndrome values from previous work.7

Documentation of the nurse’s sepsis screen was contained
in a note in the patient’s electronic medical record (EMR),
During the study period, 2 spot checks were performed to
ensure that the sepsis screens were taking place. Checks
were completed 1 and 7 months following implementation.
All inpatient obstetric patient EMRs were checked for
presence of screening documentation. In both sets of
checks, every patient had a record of a screen performed,
with greater than 80% having a screen documented during
each shift the patient was an inpatient.
Audits of patient EMRs were determined to be the best
method to evaluate for frequency of the presence of sepsis,
which SIRS criteria were present at the time of the diagnosis, and which markers of end-organ dysfunction were
present. During implementation, it was noted that there
was a preponderance of sepsis cases identiﬁed during the
active phase of labor, and that the most common source of
infection was chorioamnionitis. Stage of labor, the source of
infection, and placenta pathology results were evaluated
to better describe the patterns of sepsis occurring in our
population.
Data reports were run from the facility EMRs to evaluate
the medical records of all inpatient women who were
pregnant, postpartum, or who experienced a postpartum
readmission. Administrative reports identiﬁed those who
had a lactic acid level drawn and those who had a diagnosis
of infection or sepsis during the study period. ree women
who had received interventions for sepsis and then transferred to our unit from another facility were excluded. For
women with multiple hospitalizations for sepsis, each event
was considered independently. Neonatal data were linked to
the intrapartum event for all sepsis cases.
Data were abstracted from the EMR (H.C.) during the
study period, March 1 through December 31, 2017. e
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Table 2. Severity of sepsis criteria with deﬁned end-organ
dysfunction categories used in the Maternal Sepsis Screening
Pathway
End-organ dysfunction

Sepsis

Severe sepsis

Septic
shock

Systolic blood pressure (mmHg)

< 90a

< 90b

Mean arterial pressure

< 65

< 65

Urine output

≤ 30 mL/h for 2 h

APTT

> 60 s

Creatinine

≥ 1.5 mg/dL

Bilirubin

> 2 mg/dL

Lactic acid (mmol/L)
Platelet count (109/L)

< 2.0

2.0-3.9

b

> 3.9

< 100,000

APTT = activated partial thromboplastin time.
a
Must be at least 5 mmHg lower than patient’s baseline rate.
b
Following ﬂuid resuscitation.

obstetric-adjusted SIRS criteria and a suspected source of
infection were identiﬁed through record review. Neonates
born to women with intrapartum sepsis during labor were
identiﬁed. Maternal and neonatal data were linked. e
EMR of each neonate was reviewed, and data were abstracted. Demographics of women who screened positive
were compared against the total delivery population. Additionally, Apgar scores were compared against hospitalwide data from all newborns delivered during the study
period.
Manual chart review was performed to determine diagnosis, maternal clinical ﬁndings, and neonatal outcomes.
Altered mental status was deﬁned as a reported or noted
change in her baseline cognitive state or level of consciousness. Maternal temperature; WBC count, including
bands; respiratory rate; heart rate; and fetal heart rate
(FHR), blood pressure, and mean arterial pressure (MAP)
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were evaluated for the presence of SIRS criteria. When the
MAP was not noted, it was calculated from the recorded
blood pressure closest to the time the 2 SIRS criteria were
present. ose who met the SIRS inclusion criteria had
their records evaluated for a documented presence of infection. Once the individual met the diagnosis of sepsis (ie,
2 SIRS criteria and a suspected source of infection were
present), data were abstracted for that individual.
Vital sign data were those obtained within 30 minutes of
the time when a positive SIRS screen was identiﬁed. e
WBC count value used as a SIRS criterion was antecedent
to the diagnosis of sepsis and not the one drawn in response
to a positive sepsis screen. e laboratory values for endorgan dysfunction were those recorded at the time of SIRS
criteria being met, or within 1 hour before that time.
Laboratory testing was deferred until after birth for those
who screened positive in the second stage of labor. Sepsis
was determined to occur in the postpartum period if orders
for laboratory tests and antibiotics were placed at least 2
hours following delivery. Facility guidelines recommend
obtaining placental pathology for a variety of clinical indications, including all cases of sepsis that occur before or
immediately following birth. Histologic evidence of chorioamnionitis included placentas with a diagnosis of funisitis and fetal surface vasculitis. Placental culture was not
routinely requested, but performed at clinician’s request.
Descriptive statistics were used for demographic and
clinical characteristics data. Chi-squared testing was used to
measure association with categorical variables. Odds ratios
and 95% conﬁdence intervals (95% CIs) were calculated for
dichotomous variables.

RESULTS
During the 10-month study period, 5075 women gave
birth at the site. In total, 204 cases of sepsis were identiﬁed
in 201 women (2 women had multiple incidents of sepsis).
e observed incidence rate of obstetric sepsis was calculated at 4.0 per 100 births. All inpatient obstetric patients
who were antepartum, intrapartum, postpartum, or experienced a postpartum readmission for sepsis were included
in the calculation of the incidence of sepsis because all would
have received routine screening.
Antibiotics were administered to those with a diagnosed
bacterial source of infection (n = 202, 99%). Of those, 145
women (72%) received antibiotics within 1 hour of a sepsis
diagnosis and 186 (92%), within 3 hours. Adequate ﬂuid
resuscitation was provided to 69% of the women with severe
sepsis or septic shock. An additional 12 women (6%) received a 1-L intravenous ﬂuid bolus.
No maternal deaths from sepsis occurred during the study
period. Neither admission to the ICU (n = 2, 1.0%) nor
development of pulmonary edema (n = 3, 1.5%) was
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common among women with sepsis. No pulmonary edema
resulted from administration of ﬂuid resuscitation ordered
for treatment of severe sepsis or septic shock.
Most women (n = 146, 71.6%) developed sepsis during
the intrapartum phase of pregnancy; of the others, 35
(10.2%) during postpartum, 13 (6.4%) as antepartum admissions, and 10 (4.9%) during a postpartum readmission.
Twenty women (10.2%) developed SIRS-positive criteria
immediately before delivery, or up to 3 hours postdelivery.
Of all women with sepsis, most (n = 181, 88.7%), developed
SIRS-positive criteria during the hospitalization, the rest
were septic at the time of admission to the triage observation
area (n = 23, 11.3).
Out of the 204 cases of sepsis, 92 (45.1%) met sepsis
criteria, 87 (42.6%) met severe sepsis criteria, and 25
(12.3%) met septic shock criteria. In most cases (n = 189,
92.6%), the lactic acid result deﬁned the severity of sepsis.
Of the 15 women who met severe sepsis or septic shock
criteria for a reason other than an elevated lactic acid level, 7
(46.7%) had decreased urine output, 4 (26.7%) had a
creatinine level >1.5 mg/dL, 3 (20%) had a systolic blood
pressure of 90 mmHg or less, and 1 (6.7%) had a MAP <
65 mmHg. ree women (20%) with a mean arterial
pressure < 65 mmHg also met the initial low blood pressure
criteria with systolic blood pressures < 90 mmHg (Table 3).
Not all of the laboratory tests listed on the Maternal
Sepsis Screening Pathway were ordered; notably, APTT
was ordered in 56 (27.4%) of cases and bilirubin in 93
(45.6%) of cases. No women met the severity criteria for
elevated bilirubin level, platelet count less than 100,000 109/L,
elevated APTT, nor systolic blood pressure decrease of less
than 40 mmHg from her baseline blood pressure. No
woman met septic shock criteria by having persistent hypotension following ﬂuid resuscitation.
Women with sepsis were more likely to have a history of
prior cesarean delivery (p = .01), or be primigravid (p = .01).
ose with sepsis were more likely to have anemia when
compared with women with severe sepsis or septic shock
(p = .01) (Table 4). ere were no statistical diﬀerences of
other maternal characteristics for women when stratiﬁed by
the severity of sepsis. Obstetric provider documentation
supplied information as to the suspected source of infection.
Chorioamnionitis was the most frequently diagnosed infection (n = 128, 62.7%). Of those cases of chorioamnionitis, 24 (15.8%) were not conﬁrmed on placental
pathology. Endomyometritis was the second most frequent
diagnosis (n = 21, 10.3%), followed by urinary tract infection or pyelonephritis (n = 12, 5.9%). Six (2.9%) individuals had 2 diagnoses: 2 with pyelonephritis and
pneumonia (1%), 3 (1.5%) with chorioamnionitis and a
urinary tract infection, and 1 (0.5%) with a pelvic abscess
and endomyometritis. Two women (1%) had upper
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Table 3. Clinical values present which determined the severity of sepsis in women with a diagnosis of sepsis (N = 204)
Values present

n (%)

Lactic acid < 2.0 mmol/L

92 (45.1)

Sepsis severity
Sepsis

and serum creatinine ≥ 1.5 mg/dL

2 (1.0)

Severe sepsis

and urine output ≤ 30 mL/h for 2 h

4 (2.0)

Severe sepsis

and MAP < 60 mmHg
Lactic acid 2.0-3.9 mmol/L
and serum creatinine ≥ 1.5 mg/dL

1 (0.5)

Severe sepsis

75 (36.8)

Severe sepsis

2 (1.0)

Severe sepsis

and urine output ≤ 30 mL/h for 2 h

2 (1.0)

Severe sepsis

and systolic blood pressure < 90 mmHg and MAP < 65 mmHg

1 (0.5)

Severe sepsis

22 (10.8)

Septic shock

Lactic acid > 3.9 mmol/L
and urine output ≤ 30 mL/h for 2 h

1 (0.5)

Septic shock

and systolic blood pressure < 90 mm and MAP < 65 mmHg

2 (1.0)

Septic shock

MAP = mean arterial pressure.

respiratory infections. ree (1.5%) had no documented
source of infection and received antibiotics and ﬂuids per
the pathway guidelines. e remaining infections were 1
each of the following: abdominal source, fever of unknown
origin, inﬂuenza, mastitis, pneumonia, vulvar cellulitis, and
a viral gastrointestinal disorder.
Of the women in labor, 36 (17.6%), developed positive
SIRS criteria when they were dilated between 0 and < 6 cm,
58 (28.4%), between 6 cm and < 10 cm, and 52 (25.5%) at
complete dilatation. e length of time for rupture of
membranes for those in labor (n = 146) ranged from women
with intact membranes (n = 13) to 1 who had membranes
ruptured greater than 9 days. e remaining 132 women
had lengths of time of ruptured membranes ranging from 1
minute to 79 hours, with a mean of 14.5 hours, 95% CI
(12.5-16.5), median of 12.1 hours, and standard deviation
(SD) = 11.8 hours. ere was no association noted between
lactic acid levels and the length of time of ruptured
membranes. ere were 14 unique combinations of SIRS
criteria associated with the women with the diagnosis of
sepsis (Table 5). None had altered mental status at the time
of the SIRS positive screen. No women had a temperature
< 36°C, or a WBC count < 4000 × 109 /L, or > 10% bands
concurrent with another SIRS criterion. Most women (n =
147, 72%) met the deﬁnition of sepsis with 2 positive
screening criteria; however, 48 women (23.5%) had 3
positive criteria and 9 (4.4%) had 4 positive criteria at
diagnosis. e most frequent combinations of SIRS criteria
were maternal fever in combination with elevated maternal
heart rate (n = 124, 60.8%), fetal tachycardia (n = 74,
36.3%), or elevated maternal WBC count (n = 45, 22.1%).
ere was no statistical diﬀerence noted among the 14 SIRS
combinations and the severity of sepsis, regardless of the
number of positive screening criteria. Fifty-one women who
were pregnant (32.3%) were identiﬁed as SIRS-positive
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with FHR tachycardia, in association with 1 other SIRS
criterion. Of these, 24 (15.2%) had a signiﬁcantly elevated
lactic acid level.
ere were occasions in which the obstetric provider
ordered lactic acid values when the patient had fewer than 2
SIRS criteria present at the time of sepsis screening. Data
review revealed that women who did not initially meet SIRS
criteria, but who had lactic acid levels ≥ 2.0 mmol/L, developed 2 SIRS criteria within 3 hours of the initial lactate
collection, with 1 exception. One woman (0.5%) with an
initial temperature of 39.3°C, with a diagnosis of endomyometritis, and positive blood cultures for Pseudomonas
putida, never developed a second SIRS criterion.
Blood cultures were collected on 153 (75%) of the women
identiﬁed with sepsis. Five of the blood cultures collected
had positive results. ere were 69 urine cultures collected.
Of those 69, 18 (26.1%), were positive. Four women (2.0%)
diagnosed with pyelonephritis or urinary tract infections
had negative urine cultures. Six women (2.9%) with positive
urine cultures had nonurinary tract sources of infection
listed: 5 with chorioamnionitis or endomyometritis (4.9%)
and 1 without a listed source of infection (0.5%).
Placental examination by a pathologist occurred in 144
(79.6%) cases of those diagnosed with sepsis during labor or
postpartum (n = 181). Of the 144 placentas sent for examination, 109 had histological evidence of chorioamnionitis, and 2 were positive for bacterial growth. Positive
placental ﬁndings were associated with a diagnosis of
chorioamnionitis (n = 102, 93.6%), endomyometritis (n = 4,
3.7%), and pyelonephritis or urinary tract infection (n = 2,
1.8%).
In the women with all forms of sepsis, 161 (79.0%)
women had creatinine values recorded at the time of the
diagnosis of sepsis. Of these, 52 (32.3%) had a creatinine ≥
0.8 mg/dL. ere was statistical signiﬁcance noted in the
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Table 4. Demographic, obstetric factors, and co-morbidities in women with sepsis diagnosis compared to those who met severe sepsis
or septic shock criteria (N =204)
Demographic, delivery, and risk factors

Sepsis n (%)

Severe sepsis or septic shock n (%)

p

Age (y)

0.08

< 20

7 (3.4)

1 (0.5)

20-30

48 (23.5)

57 (27.9)

30-39

34 (16.7)

51 (25.0)

≥ 40

3 (1.5)

3 (1.5)

Asian/Paciﬁc Islander

16 (7.8)

33 (16.2)

Black/African American

10 (4.9)

8 (3.9)

Hispanic

16 (7.8)

23 (11.3)

White

48 (23.5)

45 (22.1)

2 (1.0)

3 (1.5)

0

56 (27.5)

87 (42.6)

≥1

36 (17.6)

25 (12.3)

Yes

12 (5.9)

4 (2.0)

No

80 (39.2)

108 (52.9)

Race

0.22

Other/decline to state
Parity

0.01

Cesarean delivery history
0.02a

Fetal death

0.59

Yes

2 (1.0)

1 (0.5)

No

90 (44.1)

111 (54.4)

< 37 weeks

12 (6.6)

10 (5.5)

≥ 37 weeks

63 (34.8)

96 (53.0)

Yes

2 (1.0)

2 (1.0)

No

90 (44.1)

110 (53.9)

Vaginal

50 (26.3)

58 (30.5)

Cesarean section

Gestational age (n = 181)

a

0.18

Twin gestation

0.84

Delivery type (n = 190)

0.24
31 (16.3)

37 (.19.5)

VAVD

3 (1.6)

7 (3.7)

Forceps

0 (0)

4 (2.1)

Anemiab

0.01

Yes

26 (12.7)

16 (7.8)

No

66 (32.4)

96 (47.1)

Yes

6 (2.9)

10 (4.9)

No

86 (42.2)

102 (50.0)

8 (3.9)

6 (3.0)

Overweight (25.0-29.9)

29 (14.3)

33 (16.3)

Class 1 (30.0-34.9)

29 (14.3)

44 (21.7)

Class 2 (35.0-39.9)

16 (7.9)

19 (9.4)

9 (4.4)

10 (4.9)

Yes

7 (3.4)

12 (5.9)

No

85 (41.7)

100 (49.0)

Asthma

0.53

Body mass index (n = 203)
Normal (18.5-24.9)

Class 3 (≥ 40.0)

0.78

Diabetes

0.45

(continued on following page)
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Table 4. Demographic, obstetric factors, and co-morbidities in women with sepsis diagnosis compared to those who met severe sepsis
or septic shock criteria (N =204) (continued)
Demographic, delivery, and risk factors

Sepsis n (%)

Severe sepsis or septic shock n (%)

Hypertension

p
0.25

Yes

27 (13.2)

25 (12.3)

No

65 (31.9)

87 (42.6)

Yes

8 (3.9)

11 (5.4)

No

84 (41.2)

101 (49.5)

Positive

14 (7.6)

13 (7.1)

Negative

64 (34.8)

93 (50.5)

Preeclampsia

0.78

Group B streptococcus culture (n = 184)c

0.28

χ value for cells with values > 5.
VAVD = vacuum-assisted vaginal delivery.
a
Fisher’s exact test.
b
Hemoglobin < 11 g/dL or less at time of admission.
c
n = status documented at time SIRS positive.
2

women with elevated creatinine who developed severe sepsis
or septic shock when compared with those without elevated
creatinine levels (p < .05). ere was a positive correlation
between lactic acid and creatinine levels recorded in the
women at the time laboratory tests were drawn following a
sepsis diagnosis (p < .05).
e mean lactic acid level for all women was 2.4 ± 1.3
mmol/L. Mean (M) lactic acid values were calculated for
antepartum patients (n = 12, M = 2.0, SD = 0.8), postpartum (n = 15, M = 2.0, SD = 1.0), and those with
postpartum readmissions (n = 10, M = 1.2, SD = 0.5). A
positive correlation was noted for lactic acid levels and
cervical dilatation recorded at the time of the diagnosis of
sepsis (p < .05).
Lactic acid values were also calculated based on stages of
labor, deﬁned as early, less than 6 cm of cervical dilation
(n = 35, M = 1.9, SD = 0.9), 6 to 10 cm of dilation (n = 61,
M = 2.4, SD = 1.2), and complete dilation (n = 50, M = 3.0,
SD = 1.4). Several notes in the clinical record indicated a
patient met SIRS criteria while pushing, but there was a
decision to delay blood collection until the immediate postdelivery period. A time period for the ﬁrst 3 hours postdelivery
was created in acknowledgment that the time of sepsis was
often associated with the time of delivery. e mean lactic acid
values for this period resembles that of complete dilation
(n = 20, M = 3.1, SD = 1.5).
ere were 145 infants born to women who developed
intrapartum sepsis. Most (n = 140, 96.6%) had a gestational
age greater than 35 weeks. At the study site, infants with a
gestational age less than 35 weeks are admitted to the
neonatal intensive care unit (NICU). Data related to NICU
admission for was available for 141 (97.2%) infants; of
these, 27 (19.1%) required a NICU admission for a reason
other than gestational age (13.7%, p = .43). One infant,
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Table 5. Combinations of obstetric-adjusted SIRS present at time
of diagnosis of sepsis (N =204)
Obstetric-adjusted SIRS Present
T + MHR

Frequency n (%)
70 (34.3)

T + FHR

41 (20.1)

T/MHR/FHR

22 (5.5)

T + WBC

18 (8.8)

T/MHR/WBC

17 (8.3)

MHR/FHR

9 (4.4)

T/MHR/WBC/FHR

8 (3.9)

MHR + WBC

6 (2.9)

T/MHR/RR

5 (2.4)

MHR/WBC/FHR

3 (1.5)

T/WBC/FHR

2 (1.0)

RR + FHR

1 (0.5)

T/MHR/RR/FHR

1 (0.5)

WBC + FHR

1 (0.5)

FHR = fetal heart rate tachycardia > 160 bpm for > 10 minutes; MHR = maternal heart rate
> 110 bpm; RR = maternal respiratory rate > 24 bpm; T = maternal temperature ≥ 38.0°C;
WBC = maternal white blood cell count > 15,000 × 109 L.

born to a mother who developed septic shock, required
whole body cooling.
Neonatal Apgar scores at 1 and 5 minutes of age were
compared against the distribution of Apgar scores of all
deliveries during the study period. An Apgar score ≤ 6 at 1
and 5 minutes was more likely with intrapartum sepsis, odds
ratio 12.1 (95% CI = 7.9-18.6) for the 1-minute Apgar, and
3.1 (95% CI = 1.4-6.8) for the 5-minute Apgar score. Infant
Apgar scores ≤ 6 at 1 minute were associated with the
presence of funisitis or vasculitis in the placenta when
compared to solely the presence of chorioamnionitis χ2
(1, N = 96) = 4.68, p < .05. No statistical signiﬁcance was
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noted between the unique SIRS combinations and the
presence of vasculitis or funisitis in the placenta.

DISCUSSION
ere was no established standard of care for identiﬁcation of possible sepsis in this population at the study
site before the implementation of this routine standard
screening process. us, we could not compare results with
any previous process. However, per the SEP-1 criteria, there
are established time frames for the administration of antibiotics and a ﬂuid bolus when sepsis is identiﬁed. We
found that use of routine screening for sepsis using
obstetric-adjusted SIRS criteria resulted in timely assessment for end-organ dysfunction and administration of
antibiotics. Fluid bolus administration of at least 1 L of ﬂuid
was provided to 75% of the women, whereas in the past
there was no standard for treatment with an intravenous
ﬂuid bolus in this population. We observed few cases of
severe morbidity and no maternal deaths related to sepsis.
Strengths of this study include the delivery volume at the
study site, the standardized approach used to assess for the
presence of sepsis, and the information related to neonates
born to women who developed sepsis during labor. Individual chart review ensured the accuracy of diagnoses and an
assessment of the completeness of data. Upon review of the
administrative data set, only 1 case of severe sepsis was not
identiﬁed by the presence of SIRS criteria. Although our
study did not allow us to directly assess the sensitivity and
speciﬁcity of our screening criteria, in this population these
criteria performed well as a screening tool for sepsis in
gravidae.
In our study, there was insuﬃcient information to
identify any speciﬁc pattern of obstetric-adjusted SIRS
criteria that predicted ICU admission. is was in contrast to
a prospective study using the Sepsis in Obstetrics Score, which
reliably demonstrated a scoring system that identiﬁed women
at high risk for ICU admission.22,23 e Sepsis in Obstetrics
Score included vital signs (temperature, systolic blood pressure, heart rate, respiratory rate, blood oxygen saturation), and
lactic acid, WBC, and immature neutrophils.22
e 2017 Society of Obstetric Medicine Australia and
New Zealand guidelines outline use of an obstetrically
modiﬁed quick Sequential Organ Failure Assessment score
called omqSOFA.8 e omqSOFA uses the concept of a
quick assessment, similar to the qSOFA established in
Sepsis-3.5 ere are 3 parameters in the omqSOFA assessment that earn a score of 1; respiratory rate > 25 breaths
per minute, systolic blood pressure < 90 mmHg, and altered
mentation.8 A score meeting 2 or more may then require an
assessment for sepsis.8 is guideline was not published
before the beginning of our initiative and was not considered for adoption at our site. However, when the score

8
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was calculated as part of data analysis, no women in our
population achieved an omqSOFA score of 2 or more.
e observed incidence of sepsis in this study, 4%, is
consistent with the reported incidence of chorioamnionitis of between 3% and 5%.24 Chorioamnionitis was the
predominant source of infection in the study population
(62.7%). Before the start of this initiative, the clinical
suspicion of chorioamnionitis would trigger the bedside
nurse to notify the obstetric provider of the abnormal
ﬁndings, which subsequently led to a very similar treatment
workﬂow. Although our criteria may not be speciﬁc for
sepsis-related morbidity, it performs well as an initial screen
as a good screening tool may sacriﬁce speciﬁcity to achieve a
high sensitivity.
Chorioamnionitis may ﬁrst present with fetal response, identiﬁed by fetal tachycardia. As such, we included
fetal tachycardia as a screening criterion, consistent with
that used by Shields et al.15 and the National Sepsis
Programme.18 e use of fetal tachycardia as an obstetricadjusted SIRS criterion resulted in the identiﬁcation of women
who would not otherwise have been assessed for end-organ
dysfunction, as roughly 1/3 were found to have signiﬁcantly
elevated lactate levels. Elevation of lactic acid is associated with
maternal morbidity. e exclusion of fetal tachycardia in our
screening criteria would have resulted in a missed opportunity
for early recognition and timely treatment for these women.
Although other authors have not incorporated fetal tachycardia
in their screening criteria, we feel that it is an important
predictor of morbidity and warrants consideration.
e use of lactic acid as a marker of severity of sepsis has
not been well-studied in the obstetric population. Although
research is limited, the progress of labor may aﬀect lactic acid
level in the absence of concerns of sepsis or infection.25,26 We
observed a correlation, with higher values in active labor and
the second stage of labor. ese ﬁndings may reﬂect a tendency
for lactic acid levels to be higher during active labor, consistent
with Bauer et al.25 At the study site, most obstetric patients
with lactic acid values > 3.9 are managed in labor and delivery
and not transferred to the ICU. is limits the ability to
compare ICU admissions as a marker of severity of illness.
Further research on the relationship between labor and lactic
acid is needed to better improve the recognition and management of sepsis in the obstetric population. 25
Our data demonstrated a correlation between elevated
lactate levels and the likelihood of depressed Apgar scores.
e Neonatal Resuscitation Program guidelines27 recommend that there be 2 Neonatal Resuscitation Programtrained individuals assigned to care for the neonate at the
time of delivery when the mother has chorioamnionitis. Our
ﬁndings suggest the presence of a full complement of pediatric providers at the delivery of a woman who, while in
labor, develops sepsis from any source.
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e results of this study may not be generalizable to other
centers as the sample was limited to 1 site, where most
women experience care as part of an integrated health
system. Not all who met the criteria for sepsis may have been
identiﬁed because of limitations of the methods selected.
However, administrative data failed to show missed cases.
Urine output data were missing in 104 of 181 (57.4%) of the
records. ese missing data may have resulted in the lack of
identiﬁcation of cases of severe sepsis through data review.
Challenges related to maintenance of routine screening at
the study site include the lack of a sepsis-speciﬁc documentation ﬂowsheet in the EMR. is type of ﬂowsheet
would act as a prompt for the nurse to document the sepsis
screen results. Although all newly hired clinicians are
instructed in the use of the Maternal Sepsis Screening
Pathway, there is not a routine process in place to ensure
that new and experienced staﬀ are continuing to routinely
screen for sepsis and treat patients per the maternal sepsis
pathway. Factors that contribute to the development of
chorioamnionitis, such as frequent vaginal examinations,
were not speciﬁcally addressed in the design of this study.
Future quality improvement work related to sepsis in this
population would beneﬁt from the establishment of safety
guidelines limiting practices which may contribute to the
development of chorioamnionitis.
We suspect that inclusion of fetal tachycardia, at least as we
have deﬁned it, to be overly sensitive. Although we feel we
missed no cases of sepsis, many women with chorioamnionitis
underwent a complete sepsis workup that may be unwarranted.
Further research is needed to better understand how the fetal
response to maternal infection relates to signiﬁcant morbidity.
Diﬃculties in implementation of routine screening for
sepsis in the obstetric population include creating a shared
mental model about which clinical symptoms require a
timely assessment for sepsis, which laboratory tests provide
relevant information, the relation of lactic acid results to
severity of sepsis, and the need for intravenous ﬂuid administration. Some of these challenges were evident in this
study as inconsistent ordering of certain laboratory tests,
ﬂuid boluses, and documentation of urine output by nurses.
Sharing this information with the clinical teams, and
monitoring for improvement in these areas, are some steps
that could improve future performance of this initiative.

CONCLUSION
Adult sepsis screening tools were not designed to adequately
assess for sepsis in the maternal population. e normal
physiologic changes of pregnancy necessitate the adoption of
SIRS criteria that are speciﬁc to the obstetric population. e
criteria proposed here accurately identiﬁed all but 1 case of
sepsis and were easily implemented. Our ﬁndings support the
practice of routine, ongoing screening with obstetric-adjusted
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SIRS criteria, including FHR tachycardia. Standardized,
ongoing assessment for sepsis, paired with timely administration of antibiotics and ﬂuid resuscitation, may reduce
maternal morbidity by prompting early identiﬁcation and
treatment. Routine measurement and documentation of urine
output is critically important to aid in the assessment for sepsis.
Using the criteria we have proposed, we have better deﬁned
sepsis characteristics in the obstetric population. However, a
better understanding of the role of lactic acid levels and fetal
tachycardia in the intrapartum population are still needed to
better understand obstetric sepsis. v
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