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Abstract N
Improving understanding of the prognostic factors associated with death resulting from sepsis in obstetric patients is essential to
allow management to be optimized. This retrospective cohort study aimed to determine the risk factors for death in patients with
sepsis admitted to the obstetric intensive care unit of a tertiary teaching hospital in northeastern Brazil between April 2012 and April
2016.

The clinical, obstetric, and laboratory data of the sepsis patients, as well as data on their final outcome, were collected. A
significance level of 5% was adopted. Risk factors for death in patients with sepsis were evaluated in a multivariate analysis.

During the period analyzed, 155 patients with sepsis were identified and included in the study, representing 5.2% of all obstetric
intensive care unit (ICU) admissions. Of these, 14.2% (n=22) died. The risk factors for death were septic shock at the time of
hospitalization (relative risk [RR]=3.45; 95% confidence interval [Cl]: 1.64-7.25), need for vasopressors during hospitalization (RR =
17.32;95% Cl: 4.20-71.36), lactate levels >2 mmol/L at the time of diagnosis (RR=4.60; 95% ClI: 1.05-20.07), and sequential organ
failure assessment score >2 at the time of diagnosis (RR=5.97; 95% CI: 1.82-19.94). Following multiple logistic regression analysis,
only the need for vasopressors during hospitalization remained as a risk factor associated with death (odds ratio [OR]=26.38; 95%
Cl: 5.87-118.51).

The need for vasopressors during hospitalization is associated with death in obstetric patients with sepsis.

Abbreviations: Cl = confidence interval, HIV = human immunodeficiency virus, ICU = intensive care unit, IMIP = Instituto de
Medicina Integral Prof. Fernando Figueira, IQR = interquartile range, OR = odds ratio, RR = relative risk, SD = standard deviation,

SOFA score = sequential organ failure assessment score.
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1. Introduction

Sepsis, defined as life-threatening organ dysfunction caused by
deregulated host response to infection, is currently considered
one of the major causes of morbidity and mortality in the
world." According to the World Health Organization, it is the
third leading cause of direct maternal death worldwide. In Latin
America and the Caribbean, it corresponds to 8.3% of all
deaths.!?!

In the United Kingdom, the incidence of severe sepsis in 2011
to 2012 was 0.47 per 10,000 live births. Of these, 20% went on
to develop septic shock.®! A study conducted in 2015 in the
United States of America (USA) reported an incidence of maternal
sepsis of 29.4 per 100,000 births, with a mortality rate of 4.4 per
100 live births.!!

Infection is the third leading cause of direct maternal death in
Brazil, corresponding to 5.2% of cases in 2016 (provisional data
up to May 2017).5" A Brazilian study, carried out in the city of
Recife in 2006, reported that infection accounted for 5% of the
admissions to an obstetric intensive care unit (ICU).[!

Several studies have identified risk factors associated with a
diagnosis of sepsis in the obstetric population; however, few have
addressed how these patients should be treated and the factors
associated with death.”>8! A population-based cohort study
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conducted in the USA showed that the risk of maternal death was
higher in patients with human immunodeficiency virus (HIV)
infection. The risk of mortality was also high in patients with a
history of cancer, chronic liver disease, and drug use, those
without health insurance, patients with multiple organ failure,
and those requiring mechanical ventilation or hemodialysis.!”’
Another study conducted in the United Kingdom identified the
presence of comorbidities, multiparity, absence of antibiotic use,
and unemployment as being the principal factors associated
with death.”>"!

Despite its importance, few studies have been conducted on
obstetric patients with sepsis, with most reports originating from
the USA and Europe. In view of the aforementioned factors, it is
essential to gain greater understanding regarding the factors
associated with death resulting from sepsis in obstetric patients in
order to identify prognostic factors and optimize management.

Given the scarcity of studies conducted for this purpose and in
view of the high rate of sepsis and mortality in this geographical
region, the present study was carried out to determine the factors
related to death in patients with sepsis admitted to an obstetric
ICU.

2. Methods

This study was conducted in the maternity unit of the Instituto de
Medicina Integral Prof. Fernando Figueira (IMIP), in the city of
Recife in northeastern Brazil. IMIP is a tertiary hospital, equipped
with the only obstetric ICU in the state. An average of 6000
deliveries take place in the hospital annually, with the majority
being high-risk patients. All patients receive care within Brazil’s
public health system.

This was a retrospective cohort study that included all patients
admitted to the obstetric ICU between August 2012 and April
2016 whose discharge diagnosis was recorded as “sepsis” in the
ICU’s discharge database. The records were reviewed to confirm
diagnosis according to the criteria established at the 2001 Sepsis
Definitions Conference (Sepsis-2).'%" Cases in which the
diagnosis of sepsis could not be confirmed following the review
of the medical records were excluded from the study, including
cases for which the relevant records had been misplaced and
records with insufficient data to permit the analysis to be
performed.

After the first 50 patients had been selected, sample size was
calculated using OpenEpi, version 3.01. (www.OpenEpi.com)
Considering a mortality risk of 36% for patients admitted with
septic shock compared with 14% for those admitted without
septic shock, a total of 122 patients would be required to
demonstrate statistically significant differences between the 2
groups, for a power of 80% and a 95% confidence level. The
sample was increased by 20% to compensate for any possible
losses or exclusions, resulting in a total of 147 patients. Indeed,
166 patients with a diagnosis of sepsis were found in the obstetric
ICU database, hence this was the number of medical records
considered for inclusion.

Clinical, epidemiological, and laboratory data, as well as data
regarding outcome, were extracted retrospectively from charts
and collected using a specific standardized form. The dependent
variable was maternal death. The independent variables
consisted of: maternal age, parity, immediate origin (home or
transfer from another hospital), origin (metropolitan region or
another region within the state), type of delivery, comorbidities
(hypertension, diabetes, chronic kidney disease, chronic liver
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disease, heart disease, lupus erythematosus, HIV infection, sickle
cell disease, and others), obstetric complications (gestational
diabetes, preterm labor, premature rupture of membranes,
hemorrhage, and others), lifestyle (smoking, alcoholism, and
use of illicit drugs), sepsis at admission (according to the criteria
established at the 2001 International Sepsis Definitions Confer-
ence),!*% need for vasopressors at hospital admission, site of
infection, sequential organ failure assessment (SOFA) score at the
time of sepsis diagnosis, obtained by evaluating clinical and
laboratory criteria that enable organ systems to be monitored,"!
serum lactate at the time of sepsis diagnosis (verified from an
arterial blood gas analysis and considered high if >2mmol/L,
which is indicative of tissue hypoxia, in accordance with the new
criteria of sepsis implemented in 2016 and known as “Sepsis-
3”),1" the time of initiation of antibiotic therapy (administration
of antibiotics within an hour of diagnosis of sepsis, which
included those patients who were already receiving antibiotics
prior to diagnosis, or over an hour after diagnosis), adequate
venous hydration (either achieved by fluid replacement with
crystalloids, at least 30mL/kg in 3hours, when signs of
hypoperfusion were present, or when the patient had maintained
normal hydration, thus requiring no intervention),!''! and need
for vasopressors during hospitalization (for all patients at
admission and/or during hospitalization for whom the use of
vasopressors was indicated).

Statistical analysis was performed using Epi Info, version 3.5.1
(Atlanta, GA). Frequency distribution measures with 95%
confidence intervals (95% CI) were calculated for the categorical
variables. Quantitative values were presented as means and
standard deviations (SD). Contingency tables were then prepared
to determine the association between the independent variables
(predictive factors) and death, and relative risk (RR) and 95%
CI were calculated. A significance level of 5% was adopted. All
P-values were 2-tailed. A standard risk of 1.0 was assigned to the
reference category.

Subsequently, a hierarchical logistic regression analysis was
performed. Briefly, the variables were divided into blocks
according to their proximity to the outcome. In each block,
variables that remained associated with the result at a significance
level of 20% were selected and reanalyzed down to the variables
that remained associated with the result at a significance level of
5%. The resulting variables from each block were then evaluated
in a new regression analysis where the variables that remained
significantly associated with the result at a 5% significance level
were selected to calculate the adjusted mortality risk.

IMIP’s internal review board approved the study protocol
(CAAE 49815615.9.0000.5201). The need for informed consent
was waived based on the retrospective nature of the study.

3. Results

Of all the patients admitted to the obstetric ICU between April
2012 and April 2016 (n=3004), 166 were diagnosed with sepsis
at some time during hospitalization. Of these, 3 were excluded
because a review of the data failed to confirm their diagnosis of
sepsis. Three incomplete medical records were excluded so as not
to hamper analysis and in 5 cases the relevant medical records
were missing. The remaining 155 patients, representing 5.1% of
all admissions to the ICU, were included in the analysis.
Twenty-two of the patients who developed sepsis died (14.2%)
(Fig. 1). The mean age of the patients who died was 27.1 years
(SD=6.8), significantly higher than the mean age of those who
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(n = 3004)

Patients admitted to an obstetric ICU
between April 2012 and April 2016

(n = 166)

Eligible patients with sepsis

Losses
Misplaced medical charts (n = 5)
Incomplete data (n = 3)
Total (n=8)

Inclusion criteria
Diagnosis of sepsis during pregnancy
and the postpartum period
(n=155)

Diagnosis of sepsis was ruled out (n = 3)

Exclusion criteria

Total (n=3)

Maternal outcome
Hospttal discharge ( n = 133)
Death (n =22

Figure 1. Flowchart showing the recruitment of patients.

survived (23.6 years, SD=6.6) (P=.02). In the bivariate analysis,
however, when the extremes of age (<20 years or >335 years) were
analyzed, no association was found between age and a risk of
death. Furthermore, the distal variables parity, schooling, and
origin were not associated with a risk of death (Table 1). Of the
intermediate variables, in the bivariate analysis only urinary

infection was identified as a protective factor against death in
patients with sepsis (RR=0.26, 95% CI=0.08-0.85, P=.009)
(Table 2). Of the patients who died, 45.5% had at least one
obstetric complication (Table 2). At least one comorbidity was
observed in 59.3% of all patients and in 27.3% of those who died
(Table 2).

Distal factors associated with death in obstetric patients with sepsis.

Death
Characteristics Yes No RR 95% Cl P-value
Age (Mean/SD) 271 6.8 23.6 6.6 - - .02
Age <20 years (/%) 3 13.6 40 30.1 0.41 0.12-1.31 08"
Age >35 years (/%) 2 9.1 9 6.8 1.30 0.35-4.89 48"
Number of pregnancies (Median/IQR) 2 1-3 2 1-3 - - 49
Parity (Median/IQR) 1 1-2 0 1-2 - - 12
Nulliparous (n/%) 5 23.8 51 39.8 0.51 0.20-1.33 .16
Multiparous (n/%) 5 23.8 17 13.3 1.80 0.73-4.42 .20
Schooling <8 years (n/%) 2 9.1 32 24.1 0.35 0.08-1.44 09"
Resident of a city in Pernambuco other than the state 10 455 53 39.8 1.21 0.56-2.64 .62

capital or resident of another Brazilian state (/%)

Recife, Pernambuco, Brazil, 2018.
Cl=confidence interval, IQR=interquartile range, RR=relative risk, SD=standard deviation.
Fisher exact test.


http://www.md-journal.com

Holanda et al. Medicine (2020) 99:50 Medicine
Table 2
Intermediate factors associated with death in obstetric patients with sepsis.

Death (n/%)
Characteristics Yes (n=22) No (n=133) RR 95% ClI P-value
Transferred from another hospital 16 72.4 81 60.9 1.59 0.66-3.84 .28
Pregnant at the time of sepsis 11 50.0 92 69.2 0.50 0.23-1.08 .07
Caesarean section 6 30.0 41 54.7 0.43 0.18-1.04 .050
Obstetric complications 10 455 50 37.6 1.31 0.60-2.86 A48
Comorhidities 6 27.3 32 241 1.15 0.48-2.73 75
Lifestyle factors (smoking + use of illicit drugs) 1 4.5 3 2.3 1.79 0.31-10.27 46
Respiratory infection 7 31.8 32 241 1.38 0.61-3.15 43
Uterine infection 8 36.4 40 30.1 1.27 0.57-2.83 55
Urinary infection 3 13.6 55 41.4 0.26 0.08-0.85 009
Other infections 4 18.2 14 10.5 1.69 0.64-4.44 23"

Recife, Pernambuco, Brazil, 2018. Cl=confidence interval, RR=relative risk.

) Analysis performed for the 95 patients who had the pregnancy interrupted shortly before admission or during hospitalization for sepsis. Forty-five women were discharged from hospital still pregnant, following an

episode of sepsis.
~ Fisher exact test.

Antibiotic therapy was initiated within an hour of the diagnosis
of sepsis in 45.6% of the cases, although 48% were already
receiving antibiotics even before the diagnosis of sepsis (data not
shown in table). Of the patients who died, there was a delay in the
initiation of antibiotic therapy (begun over an hour after
diagnosis) in 59.1% of cases (Table 3). The mean lactate level
at diagnosis in the patients who survived was 2.5 mmol/L (SD=
2.1) compared with 6.2 mmol/L (SD=35.2) in those who died, a
difference that was statistically significant (P=.05) (Table 3). The
median SOFA score at the time of diagnosis was 6 (interquartile
range [IQR] 4-9.5) in the patients who died and 2 (IQR 0-5) in
those who survived, a difference that was also statistically
significant (P<.01). Volume resuscitation was considered
adequate in 79.7% of cases; however, there was no difference
between the groups in relation to this variable (Table 3). Of the
proximal variables, septic shock at admission (RR=3.45, 95%
CI=1.64-7.25), the need for vasopressor drugs during hospitali-
zation (RR=17.32, 95% CI=4.20-71.36), lactate levels >2 at
the time of diagnosis (RR=4.60, 95% CI=1.05-20.07), and
SOFA score >2 at diagnosis (RR=5.97, 95% CI=1.82-19.94),
were all associated with a greater risk of death (Table 3). After
multiple logistic regression, only the need for vasopressors during
hospitalization remained a risk factor associated with death
(odds ratio [OR]=26.38; 95% CI=5.87-118.51).

4. Discussion

Sepsis is a common cause of maternal admission to the ICU. In a
previous study conducted in the same unit, sepsis accounted for
2.8% of admissions.!'”! In the present study, in 3004 ICU
admissions, 155 patients were diagnosed with sepsis (5.1%), a
lower rate than that found in the United Kingdom, where severe
sepsis accounted for 14.4% of admissions,® and in the
Netherlands, where sepsis corresponded to 9.9% of maternal
ICU admissions.!"¥! This lower rate can be explained by the fact
that this is an exclusively obstetric ICU, with high rates of
admission for hypertensive syndromes, a common complication
of pregnancy and the major cause of maternal death in Brazil,"”' a
situation that proportionately reduces the importance of sepsis as
a cause of admission to ICU.

Twenty-two sepsis patients died (14.2%), resulting in a higher
mortality rate compared with those reported from developed
countries such as the United Kingdom (1.4%),"! Ireland (no
deaths between 2005 and 2012),"'" and the Netherlands
(7.7%)"5)and similar to rates reported from African countries
such as Malawi (16.4%)"°! and South Africa (9.5%).['”! The
high death rate can be explained by the fact that the obstetric ICU
at IMIP is the only obstetric ICU in the region, receiving patients
referred from other units. Consequently, there is a natural
tendency to receive cases of greater severity. In addition,

Proximal factors associated with death in obstetric patients with sepsis.

Death

Characteristics Yes No RR 95% Cl P-value
Septic shock at admission (n/%) 8 36.4 14 10.5 3.45 1.64-7.25 .001
Need for vasopressors during hospitalization (n/%) 20 90.9 36 27.5 17.32 4.20-71.36 <01”
Lactate levels at admission (Mean/SD) 6.2 5.2 25 2.1 - - <01”
Lactate >2 at admission (n/%)* 9 81.8 33 44.6 4.60 1.05-20.07 02"
SOFA at admission (Median/IQR) 6 4-9.5 2 0-5 - - <.01
SOFA >2 at admission (n/%) 17 85.0 57 432 5.97 1.82-19.94 <01”
Inadequate hydration (n/%) 6 27.3 24 18.0 1.56 0.66-3.65 31
Time until the initiation of antibiotics >1h (n/%) 13 59.1 67 50.4 1.35 0.61-2.98 44

Recife, Pernambuco, Brazil, 2018. Cl=confidence interval, RR =relative risk, SD=standard deviation.

iData available for 85 patients only.
Fisher exact test.
Mann—Whitney test.
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differences in pre-hospital management and the characteristics of
the patients may also explain this difference. However, the study
design (a retrospective analysis of medical records) prevented a
more in-depth analysis of these variables from being conducted.

Following logistic regression analysis, the only factor that
remained associated with death was the need for vasopressors
during hospitalization. Lactate level and the SOFA score, which
in the bivariate analysis were factors associated with a risk of
death, did not remain associated with death following logistic
regression analysis. These factors, in addition to septic shock at
admission, may have been confounded by the need for
vasopressors and there is probably collinearity with the need
for these drugs during hospitalization, thus resulting in the
elimination of other associated factors.

Septic shock is a marker of severity in sepsis patients and is
associated with high mortality.>'%1! Until recently, septic shock
was defined as the need for vasopressors after adequate volume
resuscitation.'”! More recently, lactate level was added to the
diagnostic criteria, and septic shock is now defined as the need for
vasopressors after adequate volume resuscitation and hyper-
lactatemia (>2mmol/L).["! This has also led to the definition of
situations such as cryptic shock, which is a high-risk situation in
which tissue hypoperfusion and organ dysfunction can lead to an
increase in the SOFA score, without the initially expected
hypotension; however, if not treated properly, it can also evolve
to hypotension,'*0~221

These concepts may explain why the need for vasopressors
remained associated with mortality in this study, while the other
variables were excluded following logistic regression analysis.
This may be the result of an overlap among these situations, since
they frequently occur simultaneously. Patients who have organ
dysfunction also have elevated lactate levels and ultimately need
VasoOpressors.

Of the patients who died, 36.4% had septic shock at admission
and 90.9% received vasopressor drugs during hospitalization.
Both situations were significantly associated with death in the
bivariate analysis; however, only the need for vasopressors in
hospital remained associated with death in the multivariate
analysis. It is possible that there may be an overlap between these
2 groups, since patients admitted with septic shock and who
needed vasopressors, but who were not treated with these drugs,
are also included in the second group, in addition to those who
developed septic shock after admission.

Even when analyzed together, the presence of comorbidities
was not associated with death. This finding contradicts the results
of some other studies that have reported an association,
particularly in cases of immunosuppression, malignancy, and
chronic liver disease.!”>”! In the present study, some comorbidities
(such as HIV infection, lupus erythematosus, and chronic kidney
disease) were rare or absent, and the small sample size may have
been responsible for this finding.

The main source of infection was urinary tract infection
(37.4%), unlike other studies in which genital and respiratory
infections were those most commonly reported.*®14231 In spite
of the high rate of infection, mortality in these cases was the
lowest of all the different causes of sepsis (13.6%). This finding is
consistent with results reported from a population-based study
conducted in the USA in which urinary tract infection was
considered a protective factor against death (adjusted OR=
0.3).” Although more frequent, this infection is possibly easier to
treat, and the bacteria involved are less resistant, thus responding
more quickly to treatment and being less likely to result in death.

www.md-journal.com

When evaluating the approach adopted for treatment, results
show that there was a delay of more than an hour in initiating
antibiotic therapy in 49% of patients. In the group of patients in
whom antibiotic therapy was initiated within an hour, around
half (48%) were already using antibiotics even before the
diagnosis of sepsis. Although no association was found between
the initiation of antibiotic treatment and death, this is a cause for
concern, since protocols for the treatment of sepsis stress the need
to initiate antibiotic therapy within the first hour. Furthermore,
the need for multidisciplinary team training is emphasized to
ensure that medications can be administered promptly upon
diagnosis of the disease.'">¥

In a population-based study conducted in the United Kingdom,
which evaluated factors associated with the progression from
pregnancy-associated severe sepsis to death, in 19% of the
patients who died, antibiotics were started at least 24 hours after
diagnosis, with 14% of these patients never having received
antibiotics (half of them died at home or upon arrival at the
hospital). In the same study, antibiotics were administered in the
first hour in only 33% of patients.””! The results of that study
cannot be compared with those of the present study, since the
present study was conducted in a single center; however, it would
appear that even in developed countries difficulties exist in the
implementation of protocols.

Mean lactate level at admission was 2.5 mmol/L in the group of
patients who survived and 6.2 mmol/L in the group of patients
who died. Of those who died, lactate was >2 mmol/L in 81.8% of
cases, compared with 72% of cases in a study conducted in the
United Kingdom."”! Hyperlactatemia is associated with tissue
hypoperfusion, B-adrenergic stimulation, or other causes, and it
is usually associated with unfavorable outcomes.''2>! A mean
lactate level on admission of around 6 mmol/L in the group of
women who died suggests a much higher severity on arrival at the
ICU, increasing the risk of death in these cases.

Since 2016, the SOFA score has been applied in cases of sepsis.
Over the data collection period, this criterion was still not being
used for diagnosis, but was included in the analysis as a means of
assessing organ and system failure. The median SOFA score at
admission was 2 (IQR 0-5) for the patients who survived and 6
(IQR 4-9.5) for those who died, showing that even if the new
criteria were applied, there would probably be no significant
change in the diagnosis. Of the patients who died, the SOFA score
at admission was >2 in 85% of cases, confirming the presence of
organ failure, and there was a statistically significant association
with death. A similar result has been reported from other studies
in which organ failure was directly associated with death.”’

This study has some limitations, since the analysis was
retrospective and referred to a single center. Because this study
was based on the review of medical records, the fact that there
were some missing data may raise doubts about the chronology
of certain events, preventing a more in-depth analysis from being
made. Due to time limitations and the uncommonness of the
disease, only a limited number of patients could be included, thus
reducing the statistical power of the study. Therefore, we cannot
exclude the possibility that other potential factors associated with
death could have been present but could not be detected with this
study design. Nevertheless, the number of deaths that were
observed over the time period of this study was comparable to
those reported in large population studies. The fact that the
survey was carried out in the only obstetric ICU in the region
means that the relative proportion of severe cases admitted to the
ICU was high. However, we believe that this sample accurately
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represents the general population, reflecting the local situation
and ensuring good internal validation. Other strengths of the
study include the point-to-point assessment of sepsis manage-
ment and the population included in the study (pregnant women).
Studies with this population and with this type of presentation are
rare. The issues that remain to be clarified will require larger,
preferably multicenter, prospective studies.

5. Conclusions

The results of the present study show that mortality due to sepsis
in the obstetric population was high in this obstetric ICU in
Brazil. The need for vasopressors during hospitalization was the
main factor associated with death in obstetric patients with
sepsis.
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