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Pyelonephritis complicates 0.5%ofpregnancies.1 It is one of the
most common causes of maternal sepsis, the third leading
cause ofmaternalmortalityworldwide.2Despite interventions
to decrease pyelonephritis in pregnancy, such as screening for
asymptomatic bacteriuria, the incidence of pyelonephritis has
remained steady.3 Acute pyelonephritis is associated with
significant maternal and fetal morbidities with complications
including preterm labor, preterm birth, acute respiratory dis-
tresssyndrome(ARDS), sepsis, acute renal failure, andmaternal
or fetal death.1,4 Pyelonephritis is one of the most common
nonobstetric indications for antepartum hospitalization.

Anatomic and physiologic changes to the upper and lower
urinary tracts inpregnancypredispose the pregnantwoman to

the development of pyelonephritis. High levels of progesterone
lead to smooth muscle relaxation and subsequent decreased
peristalsis in the renal collecting system and ureters as well as
increased bladder capacity. This, in combination with the
physical obstruction secondary to the gravid uterus, leads to
hydroureteronephrosis and urinary stasis.5 These factors lead
to the increased rates ofpyelonephritis inpregnancy, especially
if asymptomatic bacteriuria is present. Additional risk factors
include prior urinary tract infections, sickle cell trait, anemia,
and diabetes mellitus.4–6

The diagnosis of pyelonephritis is established clinically
based on symptoms of fever, flank pain, and costovertebral
angle tenderness, accompanied by pyuria or bacteriuria.3,6
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Abstract Objective To evaluate the relationship betweenmaternal fever at the time of hospital
admission and subsequent maternal morbidity in pregnant patients with
pyelonephritis.
Study Design In this retrospective cohort study, inpatient records were reviewed for
all obstetric patients discharged from a single tertiary care hospital between June 1,
2011, and May 30, 2017, with the diagnosis of pyelonephritis. Patients were stratified
into two groups, those with and without fever at the time of admission. Descriptive
statistics were utilized to evaluate the association of fever at the time of presentation
with subsequent morbidity. Using admission vital signs, maternal early warning criteria
(MEWC) were applied and odds ratios calculated to predict intensive care unit (ICU)
admission.
Results A total of 110 patients were admitted with pyelonephritis in pregnancy; 24
patients were febrile and 86 patients were afebrile on admission. There was no
difference in rates of maternal ICU admission between both groups. Positive MEWC
was predictive of ICU admission with an adjusted odds ratio of 16.54 (95% confidence
interval: 1.29–212.5; p¼ 0.03).
Conclusion Afebrile pregnant patients with pyelonephritis remain at risk of signifi-
cant maternal morbidity. Application of the MEWC on admission identifies patients at
higher risk of ICU admission.
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Given the potential for severe morbidity, if the diagnosis is
suspected, hospitalization is recommended for treatment
with intravenous antibiotics until symptomatically im-
proved and afebrile for more than 24 hours, followed by an
additional 10 to 14 days of oral antibiotics.5

Two of the most severe complications of pyelonephritis
in pregnancy are sepsis and pulmonary insufficiency or
ARDS, which occurs in 1.9 to 17% and 0.5 to 7% of cases,
respectively.1,3 Early recognition of these complications is
critical to ensure a favorable outcome; therefore, it would
be useful to readily identify which patients with pyelone-
phritis were at higher risk of these potentially devastating
complications.7 Fever is the most common presenting sign
or symptom of sepsis in pregnancy; however, additional
vital sign abnormalities may be present indicating more
advanced case of sepsis.8 In 2014, the maternal early
warning criteria (MEWC) was proposed by the Subcom-
mittee on Vital Sign Triggers from the National Partnership
for Maternal Safety. This is a single parameter risk assess-
ment system utilized to identify patients at risk of devel-
oping acute illness who may need increased intensity or
frequency of monitoring or transfer to a higher level of
care. The critical triggers for the MEWC are listed
in ►Table 1.9

The objective of our study was to evaluate whether fever,
specifically at the time of initial evaluation, is associated
with increased morbidity as indicated by ICU admission. We
hypothesized that those patients with a fever at the time of
initial presentation may have increased maternal morbidity.
We also sought to assess the risk of sepsis, ARDS, preterm
labor, and preterm delivery based on fever status at admis-
sion. Additionally, we assessed the utility of the MEWC at
the time of admission to predict a later ICU admission.

Materials and Methods

We conducted an Institutional Review Board approved, single-
center historical cohort study. All patients discharged from the
obstetrics and gynecology service at an academic military
hospital with the diagnosis of pyelonephritis between June 1,
2011, andMay 30, 2017,were identified through a query of the

electronicmedical record. Evaluated diagnoses included pyelo-
nephritis inpregnancyor infectionsof thekidney(International
Classification of Diseases [ICD]-10 code 0230.00-.03 and ICD-9
code 646.6). The 6-year time frame produced a convenience
sample based on the presence of an electronic medical record.
Power analysis was not performed.

Members of the investigative team reviewed the medical
record, ensuring that the patientswere pregnant, between the
ages of 18 and 50 years, and with an established clinical
diagnosis of pyelonephritis. Those who did not meet these
criteriawereexcluded. Thepatientswere thendivided into two
groups: patients without a documented fever within 1 hour of
initial presentation to the emergency room (ER) or labor and
delivery (L&D) triage, and patients with a documented fever
within 1 hour of initial presentation. Fever was defined as a
temperature greater than or equal to 38°C (100.4°F).

The inpatient and outpatient medical records were
reviewed for basic demographic information to include age,
race, parity, and bodymass index (BMI) (Essentris, CliniComp,
Intl., San Diego, CA). Additional data collection included the
presence of comorbid medication conditions such as anemia
and diabetes mellitus, and risk factors for pyelonephritis
including urinary tract infection in current pregnancy, asymp-
tomatic bacteriuria, nephrolithiasis, or sexually transmitted
infection in current pregnancy. Details on vital signs from
hospital admission and level of consciousness, maximum
temperature during hospitalization, length of hospital stay
in days, ICU admission, presence of ARDS, and preterm birth
were collected. The record was additionally reviewed for
results of urine culture admission. The collected data were
deidentified and stored in a password protected database.
STROBE guidelines were applied in preparing this article.

Statistical Analysis
Statistical analysis was performed using Stata (Version 14.2,
College City, TX). Demographic data, comorbidities, clinical
parameters, and outcomes were compared between the two
groups using Pearson’s chi-squared test or Fisher’s exact
to analyze categorical variables as appropriate. Student’s
t-test, Mann–Whitney’s U-test, and Pearson’s correlation
coefficient were used as appropriate to analyze continuous
variables. When missing data were present, an attempt was
made to verify with the electronic record. Confirmed
missing values were omitted from analysis. Multivariable
logistic regression was used to evaluate associations
between ICU admission and positive urine culture with
other variables including fever and MEWC. To limit over-
fitting, only variables with a p-value< 0.25 on bivariate
analysis were included in the model. A p-value of< 0.05 and
a 95% confidence interval (CI) that did not cross 1 were
considered statistically significant.

Results

There were �18,800 deliveries during the studied time
period with 110 patients included in the final analysis for
a rate of 5.9 cases per 1,000 deliveries. A total of 138 subjects
were initially identified, with 28 cases excluded (not

Table 1 Maternal early warning criteria

Systolic blood pressure (mm Hg) <90 or >160

Diastolic blood pressure (mm Hg) >100

Heart rate (beats per min) <50 or >120

Respiratory rate (breaths per min) <10 or >30

Oxygen saturation on room air,
at sea level, %

<95

Oliguria, mL/h for� 2 ha <35

Maternal agitation, confusion,
unresponsiveness or unrelenting
headache, or shortness of breath
in patient with preeclampsia

–

aOmitted in our patient population.
Source: Mhyre et al.9

American Journal of Perinatology Reports Vol. 9 No. 4/2019

Pyelonephritis in Pregnancy DeYoung et al. e367



pregnant or did not have diagnosis of pyelonephritis). Of the
110 subjects meeting inclusion criteria, 24 patients were
febrile on admission (21.8%) and 86 patients were afebrile
(►Fig. 1). ►Table 2 demonstrates the patient demographics,
and ►Table 3 illustrates comorbidities and risk factors for
pyelonephritis. There was no difference in age, BMI, rates of
nulliparity, or racial distribution. The average gestational age
on admission was 22 and 23.6 weeks for the febrile and
afebrile groups, respectively (►Table 2). There was no differ-

ence in the prevalence of risk factors between the two
groups. The most commonly identified risk factor was prior
urinary tract infection in current pregnancy with rates of 25
and 37.2% in the febrile and afebrile groups, respectively
(►Table 3).

Eighteen (75%) of the 24 febrile patients and 25 (29%) of
the 86 afebrile patients reported a fever prior to their
presentation to ER or L&D. Of the afebrile patients, 25
(29%) developed a fever during the course of their admission.
There was no difference in rates of positive urine culture
between the two groups. On average, patients who were
febrile on admission spent 3 days in the hospital, while
afebrile patients spent only 2 days in the hospital (p¼
0.004) (►Table 4) .

Fig. 1 Study design.

Table 2 Patient demographics

Fever
(n¼ 24)

No fever
(n¼ 86)

p-Value

Age (y) 22.7� 3.3 24.6� 4.9 0.14

BMI 24.8� 6.9 27.3� 6.7 0.12

Nulliparous 17 (70.8%) 53 (61.6%) 0.41

Race

Caucasian 14 (60.9%) 53 (61.6%) 0.95

African American 4 (17.4%) 14 (16.3%)

Asian/Pacific
Islander

1 (4.4%) 5 (15.1%)

Hispanic 1 (4.4%) 1 (3.5%)

Other 3 (13.0%) 13 (15.1%)

Estimated
gestational
age at admission
(wk)

22
(17.3–28.9)

23.6
(19.1–28.3)

0.41

Abbreviation: BMI, body mass index.
Note: Dichotomous variables are presented as number (%). Continuous
variables are expressed as mean� standard deviation or median
(interquartile range).

Table 3 Comorbidities and risk factors for pyelonephritis

Fever
(n¼ 24)

No fever
(n¼ 86)

p-Value

Anemia 3 (12.5) 7 (8.1) 0.39

Diabetes mellitus 0 (0) 6 (7.0) –

Nephrolithiasis 1 (4.2) 6 (7.0) 0.62

Asymptomatic bacteriuria 1 (4.2) 5 (5.8) 0.76

Urinary tract infection
during current pregnancy

6 (25.0) 32 (37.2) 0.27

Recurrent urinary
tract infections

1 (4.2) 5 (5.8) 0.76

Prior pyelonephritis 1 (4.2) 6 (7.0) 0.62

Sexually transmitted
infection during current
pregnancy

1 (4.2) 2 (2.3) 0.61

Note: Values are expressed as number (%).
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The group of patients presenting with a fever were more
likely to be tachycardic, with an average heart rate of 123 beats
per minute on presentation compared with 98 beats
per minute (p< 0.001). There were no additional clinically
significantdifferences inadmissionvital signsbetween the two
groups. However, 12 (50%) of the febrile patients were positive
for theMEWCbasedon their admissionvital signs,while only 9
(10.5%) of the afebrile group were positive (►Table 4).

A total of five patients (4.5%) required ICU admission,
three of which were afebrile on admission; four of the
patients requiring ICU admission developed ARDS (3.6%),
two of which were afebrile on admission. All patients requir-
ing ICU admission had a positive urine culture and ultimately
developed a fever during their hospitalization (►Table 5).
Although delivery data were available for only 89 of the 110
subjects included, the average gestational age of deliverywas
39 weeks for both groups, with no difference in the rates of
preterm delivery or cesarean section (►Table 6). While fever
on admission was not predictive of ICU admission, positive

MEWCwaswith an adjusted odds ratio of 16.54 (1.29–212.5;
p¼ 0.03), when controlling for age, BMI, and concurrent
diagnosis of nephrolithiasis (►Table 7).

Discussion

Prior studies of pyelonephritis vary in criteria for diagnosis,
specifically regarding thenecessityof fever for thediagnosis.10

Fever has been shown to have a high positive predictive value
in thediagnosis of pyelonephritis.11Therewas nodifference in
the rates of ICU admission or ARDS between patients who
presented with a fever compared with those who presented
without a fever. Notably, three patients who were afebrile on
admission ultimately required ICU admission. However, all
patients who required ICU admission and developed ARDS
were febrile during the course of their hospitalization. This
provides evidence that while fever remains an important
clinical criterion for the diagnosis of pyelonephritis, at the
time of presentation, this may not be present. Thus, the

Table 5 Patients requiring ICU admission

Gestational
age

Fever on
admission
þ/�

Reported fever
prior to
admission þ/�

Maximum
temperature
during
hospitalization (°F)

ARDS
þ/�

Positive
urine
culture
þ/�

Length of
hospitalization
(d)

Gestational age
at the time of
delivery
(wkþ d)

1 23þ 1 � � 102.9 þ þ 16 23þ 3

2 26þ 2 � � 103.0 � þ 2 37þ 4

3 35þ 5 þ � 103.0 þ þ 8 35þ 6

4 21þ 0 � � 102.1 � þ 4 N/Aa

5 24þ 2 þ þ 102.4 þ þ 6 40þ 3

Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care unit; N/A, not available.
aPatient delivered at out of network hospital, delivery data unavailable.

Table 4 Hospital course

Fever (n¼ 24) No fever (n¼ 86) p-Value

Admission temperature (°F) 101 (100.6–102.1) 98.5 (98–99.1) <0.001

Admission heart rate (beats per min) 123 (104–130) 98 (88–113) <0.001

Maximum temperature during hospital course (°F) 102.4 (101.4–102.9) 98.9 (98.7–101.5) <0.001

Admission respiratory rate 20 (18–20) 18 (16–18) 0.003

Admission systolic blood pressure 114 (103–121) 115 (108–125) 0.4

Admission diastolic blood pressure 67 (57–70) 69 (63–77) 0.02

Admission oxygen saturation (%) 99 (98.8–100) 99 (98–100) 0.63

Positive maternal early warning criteria 12 (50) 9 (10.5) <0.001

Fever during hospital course 24 (100) 25 (29) <0.001

Reported fever at home 18 (75) 25 (29) <0.001

Positive urine culture 15 (62.5) 36 (41.9) 0.11

Days in hospital 3 (2–5) 2 (2–3) 0.004

ICU admission 2 (8.3) 3 (3.5) 0.32

ARDS 2 (8.3) 2 (2.5) 0.19

Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care unit.
Note: Dichotomous variables are presented as number (%). Continuous variables are expressed as median (interquartile range).

American Journal of Perinatology Reports Vol. 9 No. 4/2019

Pyelonephritis in Pregnancy DeYoung et al. e369



absence of fever does not ensure the absence of upper urinary
tract infection.

There are multiple reasons why a patient may be afebrile
at the time of initial evaluation. Fevermay not yet be present,
as is evidenced here. All of the patients whowere afebrile on
admission and ultimately required ICU admission did not
even report a fever prior to presentation. Typically, fever is
intermittent and self-administrations of analgesics or anti-
pyretics, such as acetaminophen, may have occurred prior to
presentation. Twenty-nine per cent of patients who were
afebrile at presentation reported a fever prior to presenta-
tion. Given the nonnegligible risk of significant morbidity in
patients who present afebrile, alternative clinical symptoms
of pyelonephritis such as costovertebral angle tenderness,
flank pain, nausea, or vomiting, with positive urinalysis
findings warrant close observation and treatment.

Multiple other specialties have utilized early warning
systems to identify those at risk of becoming critically ill
with the goal of improving the opportunity for early inter-
vention and to decrease morbidity.12 Early warning systems
that have been validated in the general population, such as
the systemic inflammatory response syndrome and modi-
fied early warning score, fail to effectively identify obstetric
patients at risk of increased morbidity.13 It is suspected that
this is due to the fact that these warning systems fail to take
into consideration normal physiologic changes in pregnancy.
Therefore, obstetric specific warning systems have been
proposed which include the modified early obstetric warn-
ing score (MEOWS) and the MEWC to detect patients with
abnormalities in clinical parameters that are associated with
severe maternal morbidity and mortality, to include sepsis.
The MEOWS scoring system assigns a score based on multi-
ple parameters and the severity of the abnormality, com-
pared with the MEWC, which utilizes single parameters to
trigger further evaluation.9,12,14

A multicenter retrospective cohort study published by
Valent et al in 2017 utilized the Acute Physiology and Chronic
Health Evaluation II and MEOWS to predict prolonged hos-
pitalization and maternal morbidity in pregnant women

admitted with pyelonephritis. They found that the positive
predictive value of these scores was low for adverse out-
comes in patients with pyelonephritis in pregnancy. Howev-
er, they still have utility in care optimization, specifically by
improving communication and expediting therapeutic inter-
ventions such as antibiotic administration, thereby decreas-
ing severe morbidity.15

The MEWC, as proposed in 2014, represents a simplified
version of the MEOWs. It is important to note that fever was
purposefully excluded in these criteria given that fever is
unlikely to be overlooked and is often accompanied by other,
more clinically relevant, vital sign abnormalities.9 Oliguria is
included in MEWC; this was omitted in our study given that
urine output is not available as part of an assessment at the
timeofapatient’s initial presentation. Thiswould, however, be
useful to monitor once the patient transitions to the inpatient
setting. Our study is thefirst to date to utilize theMEWC in the
assessment of patientswith pyelonephritis. Positive screening
with MEWC indicated an increased risk of ICU admission.
Therefore, it isprudent to consider ahigher level ofobservation
or increased frequency in monitoring these patients, as is
intended by the use of an early warning system.

The overall rate of positive urine culture in our population
was 46%, which is lower than that which was previously
reported in a similar population.16 Isolated microbial species
were consistent with those previously reported; the most
commonwasE.coli, followedbyEnterococcusandKlebsiella.15,16

Clean catch specimen collection is the standard practice at our
facility, which likely contributed to a high rate of mixed flora
results with contaminated specimens. We did not take into
account timing of antibiotic administration or prior antibiotic
use in the collection of these urine cultures, both of whichmay
lead to false-negative urine cultures. This relatively low rate of
positive urine cultures leads to the concern for overdiagnosis of
pyelonephritis in our patient population; however, given that
the rate of pyelonephritis in our population was similar to
previously reported rates, this is unlikely. It is important to
consider pyelonephritis in the initial differential diagnosis of
patients with appropriate symptoms, and empiric treatment

Table 7 Predictors of intensive care unit admission

Odds ratio (95% CI) p-Value Adjusted Odds ratio (95% CI)a p-Value

Fever at admission 2.48 (0.39–15.8) 0.32 1.37 (0.12–15.1) 0.80

Maternal early warning criteria 7.68 (1.19–49.47) 0.03 16.54 (1.29–212.5) 0.03

Abbreviations: BMI, body mass index; CI, confidence interval.
aControlled for age, BMI, and nephrolithiasis.

Table 6 Delivery outcomesa

Fever No fever p-Value

Estimated gestational age at delivery (wk) 39.3 (37.7–40.4) 39 (37.6–39.9) 0.25

Cesarean delivery 4 of 19 (21.1%) 22 of 69 (31.9%) 0.38

Preterm delivery 2 of 19 (10.5%) 11 of 69 (15.9%) 0.56

aDelivery outcomes available 89 of 110 total patients.
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must begin in advance of urine culture results. Culture results
aremostuseful to guideantibiotic therapy for the completionof
treatmentandprophylaxis.However, due to thedelay in results,
urine cultures have previously been shown to be of limited
clinical utility in guiding the clinical management of pregnant
women with pyelonephritis.16

Our studywas conducted at a single institution, potentially
limiting its generalizability. Additional limitations include the
reliance on the electronicmedical record for the identification
of patients and collection ofdata.With useof ICDcoding, there
is concern that some charts may have been improperly coded.
We accounted for this with detailed review of the medical
record to ensure veracity of the diagnosis of pyelonephritis,
with exclusion of patients without a clinical diagnosis of
pyelonephritis despite ICD coding. However, the possibility
remains that some casesmay not havebeen captured. Our rate
of pyelonephritis, ARDS, and ICU admission are all similar to
that which has previously been reported. With rare adverse
events, a larger sample size would afford improved ability to
assess the predictive nature of the MEWC score in predicting
maternal morbidity in the setting of pyelonephritis.

Conclusion

Pyelonephritis is associated with significant maternal and
neonatal morbidities and early identification of those
patients at risk may lead to improved outcomes. Patients
who are afebrile at the time of admission are still at risk for
significant morbidity with similar rates of ICU admission,
pulmonary edema, ARDS, and preterm delivery as febrile
patients. Therefore, in patients with clinical symptoms and
urinalysis findings suggestive of pyelonephritis, even in the
absence of fever, we recommend continuing the practice of
hospital admission for intravenous antibiotics and close
observation. Patients with the presence of MEWC are at
increased risk of maternal morbidity in the setting of pyelo-
nephritis in pregnancy; therefore, consideration should be
given for increased frequency or level of monitoring for early
identification of a deterioration in their clinical status.
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