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Abstract: There are established reference ranges for many laboratory values during pregnancy. Fewer
studies exist regarding the expected white blood cell (WBC) count after delivery. The aim of this
study was to determine appropriate postpartum leukocytosis in a diverse patient cohort. Patients
who delivered a live fetus at 37 weeks or later were retrospectively identified. Complete blood
counts collected on hospital admission and postpartum day one were used to quantify the change
in WBC count associated with delivery. A total of 2245 patients were included; of these patients,
1476 delivered vaginally and 769 delivered via cesarean section. The average change in WBC count
was 2.99 × 103/mm3. A WBC count of 20.19 × 103/mm3 defined the 95th percentile. The average
rise in WBC count was 3.31 × 103/mm3 after vaginal delivery and 2.34 × 103/mm3 after cesarean
section (p < 0.001). Patients with chorioamnionitis or endometritis had an average postpartum WBC
rise of 7.38 × 103/mm3 compared to 2.99 × 103/mm3 in controls (p < 0.001). There was no difference
in WBC count rise with comorbid asthma, diabetes, or chronic hypertension. A greater WBC count
rise was found in patients with pregnancy-induced hypertension. This study provides reference
values for the average rise in WBC count after delivery and the 95th percentile postpartum WBC
count in a diverse, medically complex patient population with and without delivery complications.
Our findings further highlight maternal medical comorbidities that may contribute to the degree of
postpartum leukocytosis.
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1. Introduction

Maternal infections are an important cause of maternal morbidity, and they are re-
sponsible for greater than 50 percent of intrahospital maternal mortality worldwide [1]. It
is therefore prudent for clinicians to be able to interpret laboratory studies ordered in the
setting of suspected infection in pregnant women. White blood cells (WBCs) are inflam-
matory cells that produce acute-phase reactants and serve as markers of infection [2]. A
complete blood count (CBC) is often ordered during the evaluation of possible infection, as
an elevated WBC count may raise concern for an infectious or inflammatory process.

The physiological changes in hematological parameters throughout pregnancy are
well-defined and documented [3–6]. A mild leukocytosis occurs in normal, uncomplicated
pregnancies, largely attributed to the marginalization of neutrophil stores into the periphery
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with advancing gestation [3,7] as well as decreased neutrophil apoptosis [8]. Additionally,
inflammatory cytokines and prostaglandins play a key role in cervical ripening and labor,
further increasing the WBC count [9]. The WBC count has been reported to reach its maxi-
mum on postpartum day one, and then it decreases to pre-delivery levels by postpartum
day seven and pre-pregnancy levels by postpartum day twenty-one [10]. This physiologic
leukocytosis can make interpretation of the WBC count difficult in settings of evaluating
for the presence of an infection.

Reference ranges exist for many laboratory values specifically for pregnancy, with a
commonly cited normal range for the WBC count of 5.7 to 15.0 × 103/mm3 [10–12]. Some
studies even distinguish these ranges by trimester or weeks of gestation [12,13]. However,
fewer studies focus specifically on the expected rise in the WBC count after delivery. The
effects of a vaginal and cesarean delivery on WBC count have been reported [10]; however,
these cohorts excluded most maternal comorbidities. As we practice in a large tertiary care
center with many transfers of care for maternal comorbidities, the objective of this study
was to quantify the change in WBC count after delivery to establish a normal reference
range in a more inclusive, diverse patient population.

2. Materials and Methods
2.1. Study Design and Study Population

A retrospective chart review was conducted from 1 January 2018, to 1 January 2020
at a single university-affiliated hospital and level-four maternal care center. This was
accomplished using electronic medical records. Patients who delivered a singleton live
fetus at greater than or equal to 37 weeks’ gestation were identified. To be eligible for
inclusion, patients were required to have a documented CBC on hospital admission and on
postpartum day one. Both CBCs are routinely collected in all patients at our institution.
The hospital admission CBC could be prior to the onset of labor or after, depending on
the reason for the patient’s presentation. The postpartum day one CBC was collected
between 5 and 24 h postpartum depending on the time of delivery the previous day.
Ethylenediaminetetraacetic acid (EDTA) collection tubes were utilized to collect venous
blood samples, and all CBC data were obtained from the on-site laboratory’s automated
cell counter.

Patients were excluded if they delivered prior to 37 weeks’ gestation due to the
possibility of corticosteroids being administered, which are known to increase the WBC
count [10]. Patients were also excluded if they delivered at home or off-unit and/or if no
admission or postpartum CBC data were collected. Multiple gestation was an exclusion
criterion, as were the diagnoses of intrauterine fetal demise, placenta accreta spectrum,
fetal anomalies, or genetic abnormalities. Finally, patients were excluded if they underwent
a blood transfusion during their admission.

Co-primary outcomes included the mean change in WBC count after delivery and the
95th percentile for WBC count after delivery. Secondary outcomes were the change in WBC
counts in the setting of various maternal medical comorbidities and delivery characteristics
or complications.

Demographic data collected included maternal age, gestational age, gravidity, parity,
and body mass index (BMI), defined as weight in kilograms divided by height in meters
squared (kg/m2). The presence of co-morbidities, such as asthma, pre-existing diabetes
mellitus, gestational diabetes mellitus, chronic hypertension, gestational hypertension, and
pre-eclampsia, was also noted. Hypertensive disorders of pregnancy were diagnosed as
outlined by the American College of Obstetricians and Gynecologists (ACOG) practice
bulletin [14].

Regarding delivery, Group B Streptococcus (GBS) status, route of delivery, type of
maternal laceration, and need for additional uterotonics other than oxytocin were recorded.
Oxytocin is routinely administered at our institution during the third stage of labor to
assist with uterine tone and to minimize blood loss. Supplemental uterotonics given at the
delivering clinician’s discretion include methylergonovine, carboprost, or misoprostol. Our
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institutional practice is to administer methylergonovine as the first-line uterotonic after
oxytocin, with carboprost usually administered next, unless contraindicated.

The presence of infection was also documented and stratified into intrauterine in-
fection, to include suspected chorioamnionitis or endometritis, versus other infectious
etiologies, to include cystitis, pyelonephritis, or upper respiratory tract infection. Suspected
chorioamnionitis was diagnosed based on ACOG guidelines [15]. Women with suspected
chorioamnionitis were treated with ampicillin and gentamicin, unless contraindicated.
Clindamycin was added if a cesarean section was performed. Endometritis was diagnosed
clinically and treated with gentamicin and clindamycin; ampicillin was added to this
regimen if GBS colonization was present or unknown. Other infectious etiologies were
diagnosed during hospital admission prior to delivery based on clinical presentations and
supportive laboratory data, such as a urinalysis or respiratory virus panel, where applicable.

Women colonized with GBS received intrapartum prophylaxis per institutional guide-
lines. Patients scheduled for a cesarean section received weight-based preoperative cefa-
zolin based upon institutional guidelines, with the addition of azithromycin if evidence of
labor or ruptured membranes was present. Chlorhexidine gluconate (Becton, Dickinson
and Co., El Paso, TX, USA) was utilized for sterile abdominal preparation prior to the
cesarean section.

The change in WBC count was calculated by subtracting the admission WBC count
from the postpartum day one WBC count. For the overall change in WBC count and 95th
percentile WBC count, patients with suspected intrauterine infection or other infectious
etiology were excluded. When comparing the change in WBC count for patients with and
without various medical comorbidities, patients with suspected infection of any type were
similarly excluded.

2.2. Statistical Analysis

All data were deidentified, entered, and stored on a secure, HIPAA-compliant, web-
based database. Statistical analysis was performed using SAS software, version 9.4 (SAS
Institute, Cary, NC, USA). The Shapiro–Wilk test or Kolmogorov–Smirnov test was used to
verify the normality of variable distribution. The Wilcoxon rank sum test and Wilcoxon
signed rank test were utilized for comparisons with non-normal distribution. Normally
distributed continuous data were analyzed using Student’s t-test or Analysis of Variance
(ANOVA), depending on the number of variables present. A p value less than 0.05 was
considered statistically significant.

3. Results

A total of 2580 patient charts were reviewed, and 1641 of these patients were mul-
tiparous, while 939 were nulliparous. Of the 2580 patient charts reviewed, 2245 met the
inclusion criteria and were analyzed further. The age of the included patients ranged
from 16 to 55 years old, with a mean age of 32.1 years old. The BMI of the included
patients ranged from 15.6 to 71.9 kg/m2, with a mean BMI of 32.1 kg/m2. Patient medical
comorbidities and delivery characteristics are presented in Table 1.

Of the 2245 included patients, 1476 delivered vaginally, and 769 underwent a cesarean
section. The antepartum and postpartum mean and interquartile WBC count for all deliver-
ies, excluding patients diagnosed with an intrauterine or extrauterine infection, are shown
in Figure 1a.

The mean antepartum WBC count on admission was 10.10 × 103/mm3, and the
mean WBC count on postpartum day one was 13.09 × 103/mm3. The average difference
between the admission WBC count and the postpartum WBC count was 2.99 × 103/mm3

(p < 0.0001). A postpartum WBC count of 20.19 × 103/mm3 defined the 95th percentile.
A significant difference in the rise of the WBC count was observed when comparing
vaginal delivery to cesarean section. The average rise in WBC count after vaginal delivery
was 3.31 × 103/mm3 (±3.58) compared to 2.34 × 103/mm3 (±3.01) after cesarean section
(p < 0.001) (Figure 1b).
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Table 1. Patient comorbidities and delivery characteristics.

Delivery Characteristic or Medical Comorbidity Percentage (n)

Medical co-morbidities
Asthma 5.7% (129)
Chronic hypertension 4.4% (100)
Gestational hypertension 5.8% (130)
Preeclampsia without severe features 4.7% (106)
Preeclampsia with severe features 1.8% (41)
Superimposed preeclampsia 1.0% (23)
A1 gestational diabetes mellitus 7.0% (158)
A2 gestational diabetes mellitus 4.2% (95)
Type 1 diabetes mellitus 0.002% (5)
Type 2 diabetes mellitus 1.2% (29)

Body mass index (BMI) (kg/m2)
BMI < 25 15.3% (344)
BMI 25 to <30 28.0% (629)
BMI 30 to <35 29.9% (672)
BMI 35 to <40 16.3% (365)
BMI 40 to <50 8.9% (200)
BMI > 50 1.6% (35)

Vaginal delivery 65.7% (1476)
Spontaneous 99.3% (1466)
Forceps-assisted 0.002% (5)
Vacuum-assisted 0.002% (5)

Cesarean section 34.2% (769)
Group B Streptococcus (GBS) status

GBS positive 19.2% (491)
GBS negative 80.8% (2068)

Received supplemental uterotonics * 10.7% (241)
Perineal tear 53.4% (1200)

None 55.1% (1237)
Abrasion 8.6% (192)
First-degree laceration 14.5% (325)
Second-degree laceration 19.6% (440)
Third-degree laceration 1.9% (42)
Fourth-degree laceration 0.4% (9)

Diagnosis of intrauterine infection ** 4.4% (94)
Diagnosis of other infection + 2.8% (63)

* Defined as uterotonics in addition to oxytocin. ** Defined as chorioamnionitis or endometritis. + Defined as
pyelonephritis, cystitis, or upper respiratory tract infection.

Patients diagnosed with suspected chorioamnionitis or endometritis had a significantly
higher average postpartum WBC count rise than controls (Table 2). An average increase of
7.38 × 103/mm3 was noted in patients with chorioamnionitis or endometritis compared to
2.99 × 103/mm3 in controls (p < 0.001). When comparing patients diagnosed with another
type of infection, such as cystitis, pyelonephritis, or an upper respiratory tract infection,
to controls, no significant difference was found in the change in WBC count after delivery
(2.92 × 103/mm3 versus 2.99 × 103/mm3, p = 0.89) (Table 2).

There was a significant difference in the change in WBC count by degree of vaginal
laceration. The mean increase in WBC count was 3.11 × 103/mm3, 95% CI [2.92, 3.31], in
those with a first-degree laceration, 4.18 × 103/mm3, 95% CI [3.99, 4.37], in those with a
second-degree laceration, 4.99 × 103/mm3, 95% CI [4.33, 5.66], in those with a third-degree
laceration, and 5.74 × 103/mm3, 95% CI [3.83, 7.65], in those with a fourth-degree laceration
(p < 0.001) (Supplemental Table S1).
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Figure 1. (a) Boxplot demonstrating the range of white blood cell (WBC) count on admission (blue) 
and after delivery (orange) in patients without infection. The blue circle within the blue box repre-
sents the mean pre-delivery WBC value (10.10 × 103/mm3). The inferior aspect of the blue box marks 
quartile one (8.13 × 103/mm3), while the superior aspect of the blue box marks quartile three (11.58 × 
103/mm3). The horizontal blue line within the box represents the median (9.61 × 103/mm3). Similarly, 
the orange plus sign within the orange box represents the mean post-delivery WBC value (13.09 × 
103/mm3). The inferior aspect of the orange box marks quartile one (10.30 × 103/mm3), while the su-
perior aspect of the orange box marks quartile three (15.25 × 103/mm3). The horizontal orange line 
within the box represents the median post-delivery WBC value (12.51 × 103/mm3). The average dif-
ference between the admission WBC count and the postpartum WBC count was 2.99 × 103/mm3 (p < 
0.0001) 1. (b) Boxplot demonstrating the change in white blood cell (WBC) count after cesarean sec-
tion and vaginal delivery. The mean rise in WBC count after cesarean section was 2.34 × 103/mm3 (± 
3.01) compared to 3.31 × 103/mm3 (± 3.58) after vaginal delivery (p < 0.001) 1. 1 Wilcoxon signed-rank 
test. 

The mean antepartum WBC count on admission was 10.10 × 103/mm3, and the mean 
WBC count on postpartum day one was 13.09 × 103/mm3. The average difference between 
the admission WBC count and the postpartum WBC count was 2.99 × 103/mm3 (p < 0.0001). 
A postpartum WBC count of 20.19 × 103/mm3 defined the 95th percentile. A significant 
difference in the rise of the WBC count was observed when comparing vaginal delivery to 
cesarean section. The average rise in WBC count after vaginal delivery was 3.31 × 103/mm3 
(±3.58) compared to 2.34 × 103/mm3 (±3.01) after cesarean section (p < 0.001) (Figure 1b). 

Patients diagnosed with suspected chorioamnionitis or endometritis had a signifi-
cantly higher average postpartum WBC count rise than controls (Table 2). An average in-
crease of 7.38 × 103/mm3 was noted in patients with chorioamnionitis or endometritis com-
pared to 2.99 × 103/mm3 in controls (p < 0.001). When comparing patients diagnosed with 
another type of infection, such as cystitis, pyelonephritis, or an upper respiratory tract 
infection, to controls, no significant difference was found in the change in WBC count after 
delivery (2.92 × 103/mm3 versus 2.99 × 103/mm3, p = 0.89) (Table 2). 

Table 2. Change in WBC count indices in the setting of infection. 
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Intrauterine infection * 
2.99 ± 3.43 
(n = 2088) 

7.38 ± 5.27 
(n = 94) 

p < 0.001 ** 

Other infection + 
2.99 ± 3.43 
(n = 2088) 

2.92 ± 3.80 
(n = 63) 

p = 0.68 

1 Wilcoxon rank sum test. * Defined as suspected chorioamnionitis or endometritis. + Defined as 
cystitis, pyelonephritis, or upper respiratory infection. ** Statistically significant. Abbreviations: ∆, 

Figure 1. (a) Boxplot demonstrating the range of white blood cell (WBC) count on admission (blue)
and after delivery (orange) in patients without infection. The blue circle within the blue box represents
the mean pre-delivery WBC value (10.10 × 103/mm3). The inferior aspect of the blue box marks
quartile one (8.13 × 103/mm3), while the superior aspect of the blue box marks quartile three
(11.58 × 103/mm3). The horizontal blue line within the box represents the median (9.61 × 103/mm3).
Similarly, the orange plus sign within the orange box represents the mean post-delivery WBC value
(13.09 × 103/mm3). The inferior aspect of the orange box marks quartile one (10.30 × 103/mm3),
while the superior aspect of the orange box marks quartile three (15.25 × 103/mm3). The horizontal
orange line within the box represents the median post-delivery WBC value (12.51 × 103/mm3).
The average difference between the admission WBC count and the postpartum WBC count was
2.99 × 103/mm3 (p < 0.0001) 1. (b) Boxplot demonstrating the change in white blood cell (WBC) count
after cesarean section and vaginal delivery. The mean rise in WBC count after cesarean section was
2.34 × 103/mm3 (±3.01) compared to 3.31 × 103/mm3 (±3.58) after vaginal delivery (p < 0.001) 1.
1 Wilcoxon signed-rank test.

Table 2. Change in WBC count indices in the setting of infection.

Control
∆WBC ± SD

Infection
∆WBC ± SD p Value 1

Intrauterine infection * 2.99 ± 3.43
(n = 2088)

7.38 ± 5.27
(n = 94) p < 0.001 **

Other infection + 2.99 ± 3.43
(n = 2088)

2.92 ± 3.80
(n = 63) p = 0.68

1 Wilcoxon rank sum test. * Defined as suspected chorioamnionitis or endometritis. + Defined as cystitis, pyelonephri-
tis, or upper respiratory infection. ** Statistically significant. Abbreviations: ∆, change; WBC, white blood cell; SD,
standard deviation. All values are presented as mean change (∆) in WBC count ± standard deviation.

Patients who received supplemental uterotonics also had a significantly greater in-
crease in postpartum WBC count. In women who received methylergonovine, carbo-
prost, or misoprostol in addition to oxytocin, the average increase in WBC count was
4.64 × 103/mm3, 95% CI [4.37, 4.92], compared to 2.99 × 103/mm3, 95% CI [2.91, 3.07], in
those who received oxytocin alone (p < 0.001) (Supplemental Table S2).

There were no statistically significant differences in the postpartum change in WBC
count in the setting of asthma (p = 0.68), type 1 diabetes mellitus (p = 0.17), type 2 diabetes
mellitus (p = 0.05), class A1 gestational diabetes mellitus (p = 0.29), or class A2 gestational
diabetes mellitus (p = 0.69) (Table 3). Chronic hypertension (p = 0.12) and superimposed
preeclampsia (p = 0.60) were also not associated with significant differences in the observed
postpartum leukocytosis (Table 3). However, there was a greater change noted in the
postpartum WBC count in patients with gestational hypertension (p < 0.01), preeclampsia
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(p < 0.01), and preeclampsia with severe features (p < 0.01) (Table 3). No statistically
significant difference was seen in the postpartum change in WBC count in patients with a
BMI less than 35 kg/m2 compared to those with a BMI greater than 35 kg/m2 (p = 0.05)
(Table 3).

Table 3. Change in WBC count indices in the setting of medical comorbidities.

Medical Comorbidity Absent
∆WBC ± SD

Present
∆WBC ± SD p Value 1

Asthma 2.98 ± 3.44
(n = 1969)

3.15 ± 3.38
(n = 119) p = 0.68

Type 1 diabetes mellitus 2.98 ± 3.43
(n = 2083)

4.41 ± 2.16
(n = 5) p = 0.17

Type 2 diabetes mellitus 3.00 ± 3.44
(n = 2062)

1.82 ± 2.72
(n = 26) p = 0.05

A1 gestational diabetes mellitus 2.96 ± 3.43
(n = 1937)

3.27 ± 3.41
(n = 151) p = 0.29

A2 gestational diabetes mellitus 3.00 ± 3.47
(n = 2002)

2.65 ± 2.31
(n = 86) p = 0.69

Chronic hypertension 3.00 ± 3.44
(n = 1994)

2.71 ± 3.37
(n = 94) p = 0.12

Superimposed preeclampsia 2.99 ± 3.44
(n = 2067)

2.94 ± 2.81
(n = 21) p = 0.60

Gestational hypertension 2.93 ± 3.40
(n = 1970)

3.88 ± 3.79
(n = 118) p < 0.01 **

Preeclampsia without severe features 2.93 ± 3.38
(n = 1988)

4.08 ± 4.19
(n = 100) p < 0.01 **

Preeclampsia with severe features 2.96 ± 3.41
(n = 2051)

4.61 ± 4.09
(n = 37) p < 0.01 **

Body mass index > 35 3.08 ± 3.44
(n = 1636)

2.66 ± 3.37
(n = 452) p = 0.05

1 Wilcoxon rank sum test. ** Statistically significant. Abbreviations: ∆, change; WBC, white blood cell; SD,
standard deviation. All values are presented as mean change in WBC count ± standard deviation.

4. Discussion
4.1. Main Findings and Interpretation

Although delivery is commonly associated with leukocytosis, few studies have pro-
vided data to inform the upper limits of normal in a more inclusive, medically complex
patient population. Our study found a mean postpartum WBC count of 13.09 × 103/mm3

and a postpartum WBC count of 20.19 × 103/mm3, representing two standard deviations
above the mean. Importantly, our mean WBC values were similar to those found in stud-
ies that excluded complicated pregnancies [10,16]. Our average increase in WBC count
(2.99 × 103/mm3) from hospital admission to postpartum day one was also similar to
that reported by another study that excluded patients with chronic illness or pregnancy
complications [17]. Because we included patients with antepartum and intrapartum com-
plications, our reported values are likely more representative of normal postpartum WBC
values in large tertiary care centers.

Leukocytosis is a common pregnancy phenomenon attributed to the marginalization
of neutrophil stores into the periphery with advancing gestation [3,7], as well as decreased
neutrophil apoptosis [8]. Additionally, inflammatory cytokines and prostaglandins play
a key role in cervical ripening and labor [9]. Thus, it would be expected to find a greater
increase in WBC count after a vaginal delivery compared to a non-labor cesarean delivery.
While we did not account for cesarean delivery indications in this study, we did find a
lower mean increase in WBC count after cesarean delivery than vaginal delivery. This
finding concurs with other studies that made this delineation [10,18].

Similar to the 2016 study by Arbib et al., we found that a higher order of maternal
laceration is associated with an increasing degree of postpartum leukocytosis. This finding
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has been postulated to be due to pain and/or maternal stress [16]. However, another
possibility would be that there is an increased risk of wound infection in the setting of
higher-order laceration [19]. One randomized controlled trial found patients who received
prophylactic antibiotics at the time of a third- or fourth-degree laceration repair had a lower
rate of perineal wound complications [20]. While antibiotics are often administered at
the time of third- or fourth-degree laceration repair at our institution, we did not specif-
ically investigate whether patients in this group received antibiotics or if these patients
subsequently developed a wound infection after the immediate postpartum period.

In this study, we also found the need for multiple uterotonics to be associated with an
increasing degree of postpartum leukocytosis. We typically administer methylergonovine
as the first-line uterotonic after oxytocin, with carboprost administered next. It is plausible
that the process of uterine massage and exogenous prostaglandin administration exacer-
bate postpartum leukocytosis, as endogenous prostaglandins are known to play a role in
physiologic leukocytosis [9]. It is also possible that increased postpartum leukocytosis
could be related to pain or a maternal stress response similar to the mechanism postulated
for the increasing order of maternal laceration [16]. This finding is clinically relevant given
that transient fever can be a side effect following misoprostol or methylergonovine adminis-
tration [21]; in conjunction with the further increase in leukocytosis, one might mistakenly
diagnose an intrauterine infection and inappropriately administer antibiotics in this setting.
Taken together, we recommend caution be used when diagnosing an intrauterine infection
after administration of additional uterotonics.

When considering the presence of concomitant infections, our study provides interest-
ing and clinically relevant data. While no significant difference was found in the change in
WBC count associated with delivery in patients diagnosed with cystitis, pyelonephritis,
or an upper respiratory tract infection compared to controls, not surprisingly, patients
diagnosed with suspected chorioamnionitis or endometritis had a significantly higher
postpartum WBC count rise than patients who did not have one of these diagnoses. This
difference coincides with the timing of the initial infection, with most of the extrauter-
ine infections being diagnosed prior to the onset of labor and delivery. Furthermore,
maternal leukocytosis is one of the diagnostic criteria outlined by the ACOG for sus-
pected intraamniotic infection [15]. Importantly, patients with pyelonephritis often exhibit
leukocytosis [22], and leukocytosis is more commonly encountered in patients with ad-
verse maternal outcomes, such as intensive care unit admission, acute respiratory distress
syndrome, pulmonary edema, organ failure, and death, than in patients without these
outcomes [23]. Thus, although an intrauterine infection is more likely to be diagnosed
during labor or the immediate postpartum period, a broad differential diagnosis should
still be maintained to ensure another infectious etiology is not missed.

In the absence of clinical symptoms or vital sign abnormalities, such as fever or
tachycardia, raising concern for infection, interpretation and management of postpartum
leukocytosis may be less clear. Previous studies have compared the WBC counts in febrile
postpartum patients with and without positive blood cultures and did not find a corre-
lation between the degree of leukocytosis and the presence of bacteremia [10], bringing
into question the utility of the postpartum WBC count in decision making for antibiotic
utilization alone. While we agree with judicious antibiotic use, closer clinical surveillance
may be warranted in patients with postpartum leukocytosis two standard deviations above
the mean. Furthermore, Srebnik et al. found that an elevated WBC count at labor and
delivery admission (12.04 × 103/mm3) and a greater increase in WBC count from hospital
admission to postpartum day one (>3.7 × 103/mm3) were risk factors for postpartum
infectious maternal morbidity and adverse neonatal outcomes [17].

Our study also provides additional information regarding the effect of common med-
ical comorbidities on postpartum leukocytosis. We found no statistically significant dif-
ferences in the postpartum change in WBC count in the setting of asthma, pre-existing or
gestational diabetes mellitus, class two obesity, chronic hypertension, or superimposed
preeclampsia. However, there was a greater change noted in the postpartum WBC count
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in patients with gestational hypertension, preeclampsia, and preeclampsia with severe
features. Similar findings have been reported in previous studies [24,25] attributing this
increase in WBC count, at least in severe preeclampsia, to a possible stress-induced re-
sponse during labor and increased diuresis postpartum [26]. This seems plausible, as the
significant increase in postpartum leukocytosis was only observed in pregnancy-induced
hypertension and not in patients with chronic hypertension.

4.2. Strengths and Limitations

The strengths of our study include the use of a standardized central university lab-
oratory for analysis of blood components and data extraction from a single center with
standardized guidelines for delivery and postpartum care. The moderate sample size, few
exclusion criteria, and diversity of the included patient population improve the generaliz-
ability of the determined reference ranges. Additionally, the collection of postpartum CBC
data from all patients including uncomplicated spontaneous vaginal deliveries, indepen-
dent of clinical suspicion, reduces bias seen in other studies [16].

This study is principally limited by its retrospective design. As several delivery
characteristics and medical comorbidities were found to be associated with an increase
in the postpartum WBC count, confounding inherently exists in the various comparisons.
We also did not notate patient race/ethnicity or the season in which delivery occurred,
which may have influenced the change in WBC count [10,27]. Another study limitation
is the failure to differentiate between delivery indications. For example, the rise in WBC
count may be elevated further in patients delivering after a prolonged induction compared
to an uncomplicated, spontaneous vaginal delivery. Similarly, the increase in WBC count
following a cesarean section for arrest of descent or a failed induction has been shown to be
greater than that after a scheduled repeat cesarean delivery [10,28], a distinction that was
not made in this study. Additionally, the admission CBC data being collected both prior
to labor and during labor may have altered the average change in WBC count reported in
this study. Patients who presented in labor would be expected to have a higher starting
WBC count than those who were not in labor and thus would have a smaller increase in
WBC count postpartum based on this study’s methodology. Alterations would also be
expected based on membrane status at the time of presentation, as well as the duration of
ruptured membranes. Finally, we did not examine whether patients received an epidural
or spinal or general anesthesia at the time of delivery, which may have further influenced
the postpartum WBC count [18].

5. Conclusions

This study provides reference values for the average rise in WBC count after delivery
and the 95th percentile postpartum WBC count in a diverse, medically complex patient
population with and without delivery complications. Our findings further highlight several
delivery complications and maternal medical comorbidities that may contribute to the
degree of postpartum leukocytosis.
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