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Time from neuraxial anesthesia placement to delivery is
inversely proportional to umbilical arterial cord pH at
scheduled cesarean delivery

Rebecca R. Rimsza, MD; William M. Perez, MD; Shilpa Babbar, MD, MS; Megan O’Brien, DO; Laura K. Vricella, MD

BACKGROUND: Neuraxial block-related hypotension and maternal <.001, P � .02). All predelivery time intervals (operative room to delivery,
obesity contribute to uterine hypoperfusion and decreased umbilical

arterial pH at cesarean delivery. Between the time of anesthesia placement

and delivery, the fetus may be exposed to a hypoperfused uterine envi-

ronment without surgeon awareness of fetal compromise.

OBJECTIVE: We sought to evaluate neonatal umbilical arterial pH

according to predelivery time intervals at scheduled term cesarean.

STUDY DESIGN:We performed a retrospective cohort study of cesarean
deliveries between September 2014 and February 2017. Singleton gestations

undergoing scheduled cesarean delivery under spinal anesthesia between 37

and 41 weeks with a reassuring preoperative nonstress test were included.

Time intervals between operative room entry, spinal anesthesia placement,

skin incision, uterine incision, and delivery were calculated. The primary

outcome was umbilical arterial pH. Demographic data, maternal blood pres-

sures, predelivery time intervals, and delivery outcomes were analyzed ac-

cording to umbilical arterial pH intervals of <7.0, 7.01e7.10, 7.11e7.20,
7.21e7.30, and>7.30. Umbilical cord gas analytes and neonatal outcomes

were analyzed by spinal to delivery time. Stepwise linear regression was

performed to identify predictors of decreasing umbilical arterial pH. Receiver-

operator characteristic curves were calculated for spinal to delivery time and

umbilical arterial pH <7.0 and 7.1.

RESULTS: Among 527 included participants, median umbilical arterial

pH was 7.27 [interquartile range, 7.23e7.29] and body mass index was 35
kg/m2 [interquartile range, 30e41]. Both maternal body mass index and
hypotensive episodes increased with decreasing umbilical arterial pH (P
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spinal to skin, spinal to delivery, and uterine incision to delivery) increased as

umbilical arterial pH interval decreased (P< .05 for all). In a stepwise linear

regression, maternal body mass index, noncephalic presentation, spinal

start to delivery interval, uterine incision to delivery interval, and maximum

reduction in blood pressure from baseline were predictive of decreasing

umbilical arterial pH after controlling for confounding variables (F [5,442]¼
17.7, P ¼ .0001], adjusted R2 of 0.157. When evaluated by spinal to

delivery time, both umbilical arterial and venous pH and partial pressure of

carbon dioxide decreased (P < .001 for all), but base deficit and neonatal

outcomes were similar (P � .7 for all). There were 2 cases of hypoxic-

ischemic encephalopathy (0.38%). A receiver-operating characteristic

curve demonstrated that a spinal start to delivery time greater than 27

minutes was associated with an umbilical arterial pH<7.1 (area under the

curve, 0.74, 100% sensitivity, 21% specificity), and an interval greater than

30 minutes was associated with an umbilical arterial pH <7.0 (area under

the curve, 0.80, 100% sensitivity, 33% specificity).

CONCLUSION: Longer spinal-to-delivery and uterine incisioneto-
delivery time intervals were associated with decreasing umbilical arterial

pH at scheduled term cesarean delivery. Efforts to minimize predelivery

time following spinal placement could reduce the frequency of unantici-

pated neonatal acidemia.
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aternal risks of cesarean delivery
M are well documented, but risks to
the fetus are often overlooked.1

Although rare, unexpected neonatal
depression and hypoxic ischemic en-
cephalopathy can occur during non-
emergent cesarean delivery and may not
be included in preoperative patient
counseling.1,2 With approximately one
third of deliveries in the United States
being performed by cesarean,3 a more
complete understanding of factors that
can lead to adverse fetal outcomes is
needed.
Neuraxial anesthesia-related hypo-

tension and maternal obesity contribute
to neonatal and umbilical arterial pH
depression by reducing uterine perfu-
sion at cesarean delivery.4,5 Obese
women have lower umbilical arterial pH
at cesarean delivery than lean women.4

Although some have hypothesized that
the weight of the abdominal wall further
reduces uterine perfusion in a supine
obese patient awaiting cesarean delivery,
the influence of intracorporeal uterine
compression in obese patients remains
poorly understood.5
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Intraoperative hypotension alone has
been reported to independently predict
lower neonatal umbilical arterial pH af-
ter controlling for maternal obesity.5

These factors may compound one
another because obese women under-
going cesarean delivery have been shown
to have greater incidence of intra-
operative hypotension.6,7

After spinal placement, the fetus await-
ing cesarean delivery is vulnerable to the
influences of spinal-induced maternal hy-
potension and supine positioning, without
surgeon awareness of fetal status. The
duration of fetal exposure to the intra-
uterine environment is influenced by a
summation of steps that include adminis-
tration of adequate anesthesia, preopera-
tive preparation, and accessing the uterus.
can Journal of Obstetrics & Gynecology 389.e1
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Why was this study conducted?
Our purpose was to evaluate the association between predelivery time intervals
and neonatal umbilical arterial pH at scheduled term cesarean delivery.

Key findings
Patients with longer predelivery time intervals had lower neonatal umbilical
arterial pH.

What does this add to what is known?
Umbilical arterial pH is an indicator of neonatal metabolic status. Previous
studies have identified intraoperative hypotension and maternal obesity as
contributors to uterine hypoperfusion and decreased umbilical arterial pH at
cesarean delivery. Between placement of neuraxial block and delivery, the
fetus may be exposed to a hypoperfused uterine environment without surgeon
awareness of fetal compromise. This study demonstrates that longer prede-
livery times, specifically the time from regional anesthesia placement and
infant delivery, are associated with a decreased umbilical arterial pH and
identifies an interval after which there is a greater likelihood of a lower
umbilical arterial pH.
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If predelivery time intervals serve as
markers of exposure to risk factors for
neonatal acidemia, minimizing duration
of exposure during these periods may
decrease the incidence of unanticipated
neonatal depression. Although surgeons
work to minimize skin incision to de-
livery time, they may overlook the pre-
ceding time of unknown fetal status
between spinal placement and skin
incision.8 To fully assess fetal well-being
prior to delivery, an interval including
all time from neuraxial anesthesia
administration to delivery should be
evaluated.

Umbilical cord gas analytes are
routinely performed in some centers to
assess intrauterine fetal metabolic status
at delivery.9,10 Umbilical arterial gas
analytes, along with the neonatal
response to resuscitation, are used to
predict the risk of neonatal hypoxic-
ischemic encephalopathy.11,12 We
sought to evaluate neonatal umbilical
arterial pH according to predelivery time
intervals at scheduled term cesarean
delivery. We hypothesized that duration
of fetal exposure to the predelivery
uterine environment influences neonatal
umbilical arterial pH and that a longer
nonmonitored interval between neu-
raxial anesthesia placement and delivery
places the fetus at risk for neonatal
metabolic depression.
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Materials and Methods
We performed a retrospective cohort
study of cesarean deliveries at an aca-
demic tertiary care institution between
September 2014 and February 2017. We
identified cases via electronic medical
record query and then performed indi-
vidual chart review for study eligibility
and data collection. We included sched-
uled cesarean deliveries of singleton fe-
tuses performed under spinal anesthesia
between 370/7 and 410/7 weeks’ gestation.
Each patient had a reassuring
nonestress test prior to delivery.
Exclusion criteria included labor,

planned additional surgery (cesarean
hysterectomy, adnexal surgery), major
fetal anomalies, and anesthesia methods
other than spinal. We perform universal
umbilical cord gas analysis of venous and
arterial samples in a point-of-care
manner immediately following delivery.
We excluded cases if umbilical cord gas
analytes were unavailable or if time
documentation was incomplete.
We collected demographic informa-

tion and included those with hyperten-
sive disorders and diabetes because these
are common conditions in our popula-
tion. Prior to performing the study,
institutional review board approval was
obtained (number 28035).
We analyzed maternal blood pressure

from hospital admission to delivery
ogy APRIL 2019
because systolic blood pressure (SBP),
diastolic blood pressure (DBP), and mean
arterial pressure (MAP ¼ 2/3 DBP þ 1/3
SBP). A MAP of 60e100 mm Hg is re-
ported to be theminimumvalue necessary
for vital organ perfusion outside preg-
nancy, although pregnant patients can
have normal perfusion at lower values.13

We defined baseline blood pressure as
the last value obtained prior to entering the
operative suite. We calculated the change
in blood pressure as the difference between
baseline and the lowest recording before
delivery. We defined mild hypotension as
at least 20% decrease in SBPorMAP from
baseline14 and severe hypotension as at
least 40% decrease from baseline. We
recorded frequency and dose of vaso-
pressor administration.

The patients in this study received
routine institutional anesthesia care.
Women undergoing cesarean delivery
receive a 1 L crystalloid intravenous
preload bolus within the 30 minutes
preceding spinal anesthesia place-
ment. Certified nurse anesthetists
place neuraxial anesthesia under the
supervision of anesthesiologists. A 25-
gauge pencil-point spinal needle is
used to access the spinal space at the
level of L3eL4 or L4eL5. Upon re-
turn of cerebrospinal fluid, patients
receive an intrathecal injection of 13.5
mg hyperbaric bupivacaine and 10 mg
fentanyl. Anesthesia level to the L4
dermatome is confirmed.

Blood pressure is evaluated every 2 mi-
nutes from spinal placement until delivery.
Phenylephrine is the agent of choice for
spinal-induced hypotension, and ephed-
rine is reserved for second line treatment.
Prophylactic vasopressor doses or contin-
uous vasopressor infusions are performed
at the discretion of the individual anes-
thesia provider but are not routine.
Following spinal blockade, patients are
placed in the supine position with left
lateral tilt. Bed extenders and self-retaining
panniculus retractors are placed if needed.
Fetal heart rate is auscultated prior to
sterile skin preparation and catheter
placement. The surgical team included 2
residents and an attending physician.

The primary outcome was umbilical
arterial pH. We analyzed patient char-
acteristics, blood pressure outcomes,

http://www.AJOG.org


TABLE 1
Demographic and intrapartum data at scheduled cesarean delivery by neonatal umbilical arterial pH interval

Umbilical arterial pH <7.00 7.01e7.10 7.11e7.20 7.21e7.30 >7.30

P valuen, total ¼ 527 6 15 53 336 117

Maternal characteristics

Age, y 30 � 5 31 � 6 30 � 5 29 � 6 29 � 5 .50

Body mass index, kg/m2 46 � 9 42 � 7 41 � 9 36 � 9 34 � 6 < .001

Parity, n 2 � 2 1 � 1 2 � 1 2 � 1 2 � 1 .20

Prior cesarean delivery 4 (67) 11 (73) 44 (83) 277 (82) 98 (84) .70

Race

Non-Hispanic white 1 (17) 5 (33) 13 (25) 103 (31) 54 (46) .02

Non-Hispanic black 5 (83) 10 (67) 39 (74) 208 (62) 59 (50) .03

Hypertensive disorder 2 (33) 4 (27) 10 (19) 42 (13) 16 (14) .20

Maternal diabetes 2 (33) 7 (47) 12 (23) 51 (15) 16 (14) .009

Intrapartum findings

Self-retaining retractor use 2 (33) 2 (13) 5 (9) 26 (8) 2 (2) .01

Noncephalic presentation 2 (33) 6 (40) 12 (23) 39 (12) 8 (7) < .001

Measured blood loss, mL 1250 � 900 1150 � 720 920 � 430 800 � 430 780 � 430 .002

Birthweight, g 3730 � 425 3720 � 740 3560 � 580 3330 � 530 3340 � 490 .001

Procedure intervals, min

Total operative room time 124 � 31 110 � 25 105 � 28 94 � 21 94 � 25 < .001

Operative room entry to delivery 56 � 24 42 � 6 41 � 14 38 � 10 37 � 11 < .001

Spinal start to delivery 54 � 23 40 � 6 39 � 12 35 � 10 34 � 10 < .001

Spinal stop to delivery 36 � 11 33� 6 32 � 9 29 � 9 28 � 9 .006

Spinal procedure time 17 � 21 7 � 4 7 � 6 6 � 4 6 � 6 < .001

Spinal start to skin incision 38 � 23 24 � 4 25 � 9 21 � 5 21 � 6 < .001

Spinal stop to skin incision 18 � 3 16 � 3 17 � 5 15 � 4 15 � 3 .002

Skin incision to delivery 18 � 10 17 � 6 16 � 8 14 � 8 12 � 7 .040

Uterine incision to delivery 3 � 2 3 � 3 2 � 1 1 � 1 1 � 1 < .001

Data are presented as n (percentage), mean � SD, or median (interquartile range).
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and predelivery time intervals according
to the umbilical arterial pH intervals of
<7.0, 7.01e7.10, 7.11e7.20, 7.21e7.30,
and >7.30. We calculated time intervals
between individual time points (oper-
ating room [OR] entry, spinal start,
spinal stop, skin incision, uterine inci-
sion, delivery of infant, and operating
room exit).

We performed a stepwise linear
regression to identify factors predictive
of decreasing umbilical arterial pH. We
then analyzed umbilical arterial and
venous cord gas analytes (pH, partial
pressure of carbon dioxide [pCO2], and
base deficit), the incidence of abnormal
analytes (umbilical arterial pH<7.1, 7.0,
or base deficit >12 mEq/L), and
neonatal outcomes (neonatal intensive
care unit admission, respiratory insuffi-
ciency, hypoxic-ischemic encephalopa-
thy, neonatal death, Apgar scores,
incidence of 5 minute Apgar <7), ac-
cording to the duration of the interval
from start spinal to delivery, in 20 min-
ute increments.
We calculated a receiver-operator

characteristic curve to identify a prede-
livery time interval associated with
abnormal umbilical arterial pH. A
APRIL 2019 Ameri
normal neonatal umbilical arterial pH is
considered greater than 7.20.4 Defini-
tions of abnormal umbilical cord pH
vary, but we assert that in a scheduled
cesarean delivery with reassuring pre-
operative fetal testing, no amount of
neonatal depression should be consid-
ered normal.9,10 We therefore calculated
receiver-operator characteristic curves
for the predelivery time interval and
arterial pH values below 7.1 and 7.0.9,10

We analyzed data using SPSS statistical
software (version 25, 2017; SPSS Inc,
Armonk, NY).We compared continuous
variables using an analysis of variance,
can Journal of Obstetrics & Gynecology 389.e3
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FIGURE 1
Cesarean predelivery time intervals and neonatal umbilical artery pH
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categorical values using c2 test, and
ordinal and nonnormally distributed
data using Kruskal-Wallis test. A value of
P < .05 was considered significant.

Results
Of 711 patients delivered by scheduled
cesarean during the study interval, 527
patients met study criteria and were
analyzed. Of the 184 excluded patients,
43 had gestation less than 37 weeks, 47
had an anesthesia method other than
spinal blockade, 31 were missing um-
bilical arterial pH, 40 lacked time inter-
val data, 10 had additional planned
surgery, 8 hadmajor fetal anomalies, and
5 presented in labor. Indications for de-
livery between 370/7 and 386/7 included
placenta previa, prior classical cesarean
incision or myomectomy, and hyper-
tensive disorders of pregnancy.

Maternal demographic data, intra-
partum findings, and time intervals are
presented according to umbilical arterial
pH interval in Table 1. The cohort was
61% African American, 71% government
389.e4 American Journal of Obstetrics & Gynecol
insured, 14% hypertensive, 17% diabetic,
and 39% with 2 or more prior cesarean
deliveries. The median umbilical arterial
pH was 7.27 (interquartile range,
7.23e7.29), with a minimum pH of 6.61
and a maximum of 7.38.
The median body mass index (BMI)

was 35.1 kg/m2 (interquartile range,
30.3e41.3). BMI significantly increased
with decreasing umbilical arterial pH (P
< .001). African-American and diabetic
patients had lower umbilical arterial pH
(P ¼ .03 and P ¼ .009, respectively),
while parity (P ¼ .2) and hypertensive
disorders (P ¼ .2) were similar.
Delivery from noncephalic (breech or

transverse) presentation occurred in
13%of cases and wasmore frequent with
decreasing umbilical arterial pH (P <
.001). Mean birthweight was 3370� 540
g, and birthweights were higher as um-
bilical arterial pH decreased (P ¼ .001).
Total OR, OR to delivery, start spinal

to skin incision, start and stop spinal to
delivery, skin to delivery, and uterine
incision to delivery time intervals all
ogy APRIL 2019
increased with decreasing umbilical
arterial pH interval (P < .05 for all;
Table 1). Figure 1 demonstrates trends in
predelivery time intervals according to
umbilical arterial pH.

Blood pressure and vasopressor
administration data are presented ac-
cording to umbilical arterial pH interval in
Table 2. Baseline blood pressures were
similar, but the lowest recorded blood
pressures (minimum SBP, DBP, MAP)
were lower (P�.02 for all) and the greatest
reductions in bloodpressure frombaseline
(DSBP, DDBP, DMAP) were larger (P �
.008 for all) with decreasing umbilical
arterial pH. Although incidence of a 20%
MAPdecrease was common across groups
(P ¼ .06), women with a 40% MAP
decrease from baseline had lower pH
values (P ¼ .003). The mean phenyleph-
rine dose was higher, and likelihood of
receiving ephedrine was greater, among
those with lower umbilical arterial pH
(P ¼ .02, P < .001).

In a stepwise linear regression,
maternal BMI, noncephalic presentation,
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TABLE 2
Predelivery blood pressures and vasopressor administration at scheduled cesarean delivery by neonatal umbilical
arterial pH interval

Umbilical Arterial pH <7.00 7.01e7.10 7.11e7.20 7.21e7.30 >7.30

P valuen, total ¼ 527 6 15 53 336 117

Baseline, mm Hg

SBP 128 � 11 133 � 17 129 � 13 125 � 13 125 � 11 .070

DBP 78 � 10 76 � 14 75 � 9 73 � 10 74 � 9 .700

MAP 95 � 9 95 � 13 93 � 9 91 � 10 90 � 9 .200

Minimum pressure, mm Hg

SBP 77 � 19 91 � 17 89 � 15 90 � 15 94 � 14 .020

DPB 35 � 8 35 � 9 37 � 10 40 � 10 42 � 11 .020

MAP 49 � 11 53 � 10 54 � 9 57 � 10 59 � 10 .010

Largest pressure decrease, mm Hg

DSBP e51 � 28 e42 � 26 e41 � 13 e36 � 16 e32 � 14 .002

DDBP e43 � 9 e41 � 17 e37 � 11 e34 � 12 e33 � 12 .008

DMAP e46 � 15 e41 � 18 e39 � 10 e34 � 12 e33 � 12 .001

Hypotensive episodes

SBP decrease >20% 6 (100) 10 (67) 46 (92) 245 (77) 78 (72) .030

SBP decrease >40% 2 (33) 6 (40) 7 (14) 45 (15) 6 (6) .002

DMAP decrease >20% 6 (100) 14 (93) 51 (100) 310 (93) 100 (88) .060

DMAP decrease >40% 4 (67) 9 (60) 30 (59) 138 (42) 34 (30) .003

Vasopressor administration

Phenylephrine use 6 (100) 13 (93) 50 (98) 296 (90) 105 (91) .400

Phenylephrine dose, mg 1640 � 1540 1390 � 1520 990 � 860 860 � 770 810 � 780 .020

Epinephrine use 4 (67) 3 (20) 4 (8) 6 (2) 1 (1) < .001

Ephedrine dose, mg 40 � 15 50 � 0 45 � 15 40 � 10 50 � 0 .700

Data are presented as n (percentage) or mean �SD.

SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure.
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spinal start to delivery interval, uterine
incision to delivery interval, and
maximum reduction in blood pressure
from baseline (DMAP), were predictive
of decreasing umbilical arterial pH after
controlling for confounders (F [5,442] ¼
17.7, P ¼ .0001], adjusted R2 of 0.157.
Variables included in the model that were
not predictive of decreasing pH were
maternal diabetes, spinal stop to delivery
time, and phenylephrine dose.

Noncephalic fetal presentation pre-
dicted a decline in umbilical arterial pHof
0.132. Umbilical arterial pH decreased by
0.142 for each minute from uterine inci-
sion to delivery and 0.139 for eachminute
from spinal placement to delivery. Each
unit increase inmaternal BMI (kilograms
per squaremeter) resulted in an umbilical
arterial pH reduction of 0.142, and each
unit decline in MAP (millimeters of
mercury) resulted in an umbilical arterial
pH decrease of 0.153.
Umbilical arterial and venous cord gas

analytes and neonatal outcomes are
presented in Table 3, according to
increasing time from spinal to delivery.
The overall incidence of umbilical arte-
rial pH <7.1 was 4.0% (21 of 527) and
the incidence of pH<7.0 was 1.1% (6 of
527).
Mean arterial and venous pH were

lower and pCO2 values were higher at
longer spinal to delivery times (P < .001
APRIL 2019 Ameri
for both). Umbilical arterial pH <7.0
was more common as spinal-to-delivery
time increased (P ¼ .001). Neonatal
intensive care unit admission, 1 and 5
minute Apgar score, and incidence of
Apgar score below 5 minutes were
similar among groups (P > .05 for all).

Of 527 cesarean deliveries, there were
2 cases of hypoxic-ischemic encepha-
lopathy. One case was a 35 year old
G3P2002 at 39 weeks with 2 prior ce-
sareans whose delivery was complicated
by a BMI of 57 kg/m2 and severe adhesive
disease. MAP dropped 40% below
baseline despite 3600 mg of phenyleph-
rine and 20 mg of epinephrine. Spinal-
to-delivery time was 87 minutes and
can Journal of Obstetrics & Gynecology 389.e5
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TABLE 3
Umbilical cord gas analytes and neonatal outcomes at scheduled cesarean delivery by spinal start to
delivery time interval

Spinal to delivery interval, min <20 20e39 40e59 �60

P valuen ¼ 527 14 388 105 20

Arterial analytes

pH 7.28 � .03 7.25 � .06 7.24 � .08 7.20 � .17 < .001

pCO2 52 � 6 57 � 9 59 � 11 64 � 20 < .001

Base deficit 3 � 2 3 � 2 3 � 3 4 � 4 .900

Venous analytes

pH 7.33 � .03 7.31 � .06 7.30 � .06 7.24 � .15 < .001

pCO2 45 � 3 46 � 8 48 � 8 57 � 20 < .001

Base deficit 3 � 1 4 � 2 4 � 2 4 � 4 .200

Abnormal arterial analytes

pH <7.1 — 11 (3) 8 (8) 2 (10) .060

pH <7.0 — 2 (0.5) 2 (2) 2 (10) .001

Base deficit >12 — 3 (1) 2 (2) 1 (5) .300

Neonatal outcomes

Neonatal intensive care unit 1 (7) 49 (13) 16 (15) 3 (15) .800

Respiratory complications 1 (7) 44 (11) 12 (11) 4 (20) .700

Hypoxemic-ischemic encephalopathy — 1 (0.3) — 1 (5) —

Apgar score, 1 min 8 (8,9) 8 (8,9) 8 (7,8) 8 (6,8) .070

Apgar score, 5 min 9 (9,9) 9 (9,9) 9 (9,9) 9 (9,9) .400

5 min Apgar <7 — 6 (2) 2 (2) 1 (5) .700

Data presented as n (percentage), mean � SD, and median (interquartile range).

pCO2, partial pressure of carbon dioxide.
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uterine incision to delivery time was 2
minutes. Umbilical arterial analytes were
pH of 6.62, pCO2 of 130 mmol/L, and
base deficit incalculable.

The second case was a 24 year old
primigravida with a BMI of 49 kg/m2,
who underwent primary cesarean at 37
weeks because of breech presentation
and preeclampsia. MAP dropped 40%
despite 800 mg of phenylephrine and 50
mg of epinephrine. Spinal placement to
delivery time was 37minutes and uterine
incision to delivery time was 1 minute.
Umbilical arterial analytes were pH of
6.70, pCO2 of 129 mmol/L, and base
deficit of 24 mEq/L. There were no cases
of neonatal demise.

Receiver-operating characteristic
curves demonstrated that spinal start to
delivery time greater than 27 minutes
predicted an umbilical arterial pH <7.1
389.e6 American Journal of Obstetrics & Gynecol
with 100% sensitivity and 21% specificity
(area under the curve, 0.74) with a posi-
tive predictive value of 5% and a negative
predictive value of 100%. Spinal start-to-
delivery time greater than 30 minutes
predicted an umbilical arterial pH <7.0
with 100% sensitivity and 33% specificity
(area under the curve, 0.79) with a
positive predictive value of 2% and a
negative predictive value of 100%
(Figure 2).

Comment
We found that longer predelivery times
were associated with decreasing neonatal
umbilical arterial pH at scheduled
term cesarean delivery. Maternal
obesity, noncephalic fetus, spinal
start-to-delivery time, uterine incision-
to-delivery time, and maternal hypo-
tension were predictive of decreasing
ogy APRIL 2019
umbilical arterial pH. Cases with longer
spinal start-to-delivery time had lower
umbilical arterial and venous pH,
increased pCO2, and greater frequency
of pH <7.0. Delivery within 27 minutes
of spinal start was associated with um-
bilical arterial pH >7.1, and delivery
within 30 minutes was associated with
umbilical arterial pH >7.0.

Our finding of a 0.38% incidence of
unanticipated hypoxemic ischemic en-
cephalopathy is consistent with previously
published reports of 0e0.36% incidence at
scheduled term cesarean delivery.15 Our
finding of a 4.0% incidence of umbilical
arterial pH <7.1 is also consistent with
prior studies that reported umbilical
arterial pH <7.1 in 2-5% of cases.4,5

Arterial and venous pH decreased, and
pCO2 increased, with longer predelivery
time, consistent with respiratory acidemia.

http://www.AJOG.org


FIGURE 2
Receiver-operator characteristic curves, spinal start to delivery time, and neonatal umbilical arterial pH at schedule
cesarean delivery

Rimsza et al. Anesthesia to delivery time intervals and neonatal umbilical arterial pH. Am J Obstet Gynecol 2019.
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The infrequency of abnormalities in base
deficit suggests that in a smaller propor-
tion of patients, this progressed to a
metabolic acidemia.16

Obesity increases both presurgical
preparation and operative time
We believe that the high prevalence of
obesity in our cohort prolonged both
presurgical preparation and predelivery
operative time. In the United States, 28%
of women are obese prior to pregnancy,
and obese women are more likely to be
delivered by cesarean.17,18

Preparing the obese woman for surgical
delivery can involve additional steps,
including longer antiseptic skin prepara-
tion, placement of bed extenders, securing
self-retaining panniculus retractors, and
patient positioning.19 Greater surgical
dissection time to access the uterus is often
needed in obese women because of
adhesion formation from prior cesarean
deliveries and increased subcutaneous
adipose tissue depth.8,20

From the time of spinal placement to
delivery, the fetus is vulnerable to the
effects of maternal hypotension and su-
pine positioning. While intended to
improve operative exposure and reduce
infectious morbidity, these additional
preparatory steps result in a longer
duration of time without fetal moni-
toring. Previous investigators have pro-
posed that internal compressive forces in
obese patients may further impair uter-
ine perfusion.4 Given that understand-
ing of this relationship remains limited
at present, the duration of fetal exposure
to the uterine environment may be the
most useful and modifiable risk factor.

Spinal-induced hypotension
in obesity
Hypotension and maternal BMI were
each independently associated with
APRIL 2019 Ameri
reduced umbilical arterial pH in our
cohort. This finding is consistent with
prior studies that demonstrate greater
severity of spinal-associated hypotension
for obese women.6,21

Both absolute maternal hypotension
and a decrease in blood pressure from
baseline can reduce uterine perfusion.22

Although women commonly receive
vasopressors to maintain vascular tone
after neuraxial anesthesia, hypotension
remains a common complication of
spinal anesthesia and prolonged fetal
exposure to this environment reduces
neonatal umbilical cord pH.5

We evaluated both spinal start-to-
delivery time and spinal stop-to-delivery
time and found that only the spinal start
to delivery interval was predictive of
decreasing umbilical arterial pH. In cases
of uncomplicated spinal placement, the
spinal procedure time is minimal. We hy-
pothesize that in cases of complicated
can Journal of Obstetrics & Gynecology 389.e7
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spinal placement, multiple placement at-
tempts could result in some delivery of
local anesthetic that could influence
maternal blood pressure, even if complete
spinal blockade is not achieved.

Prolonged uterine incision to
delivery interval
Noncephalic fetal presentation anduterine
incision to delivery time predicted lower
umbilical arterial pH in our cohort. With
uterine incision, the uterus begins to
contract and blood flow to the fetus di-
minishes rapidly.23 Additional maneuvers
may be required to deliver the noncephalic
fetus, increasing the duration of exposure
to a hypoperfused environment.23 Our
finding that birthweight increased with
decreasing umbilical arterial pH is also
consistent with prior findings that larger
infants may require additional maneuvers
for successful delivery, increasing the
duration of fetal hypoperfusion.

Strengths and limitations
To our knowledge, no previous studies
have evaluated fetal acid base status in the
context of predelivery time intervals. The
main strength of this study is the identifi-
cation of an easily measurable time inter-
val with high sensitivity for fetal arterial
pH depression. While other contributors
toneonatal umbilical pHcanbe difficult to
quantify, the time intervals represent ad-
ditive duration of these influences and
provide a meaningful threshold to guide
clinical management. Our diverse patient
population with multiple comorbidities
makes our findings applicable to a high-
risk obstetric population. Our study was
not performed with routine use of
continuous vasopressor infusion, a prac-
tice that can attenuate spinal-induced
hypotension.24e28 Our findings con-
tribute to an understanding of neonatal
outcomes using conventional approaches
to hypotension management.

This study was limited in its ability to
evaluate infrequent outcomes. A larger
sample size would be needed to pri-
marily investigate the incidence of
hypoxemic-ischemic encephalopathy.
We did not collect long-term neonatal
outcomes to determine whether the ef-
fects of a low umbilical arterial pH lasted
389.e8 American Journal of Obstetrics & Gynecol
beyond the neonatal intensive care unit
admission. We also did not evaluate the
time, duration, or status of the post-
spinal fetal monitoring, limiting our
ability to identify those patients who
were delivered more rapidly because of
surgeon awareness of a nonreassuring
fetal heart rate. The retrospective design
limits our ability to control for other
potential contributors and introduces
the errors inherent in chart reviews.

Conclusion
Delivery within 30 minutes of spinal
placement reduces the risk of an umbilical
arterial pH <7.0. While maternal obesity
and adhesive disease are a reality of
contemporary obstetrics, a team-based
approach to minimizing preparatory
times within the control of the surgical
team could reduce fetal risk. Beginning
with the time of spinal placement, incor-
poration of time tracking with verbally
announced cues could help the surgical
team optimize efficiency and reduce un-
necessary delay in predelivery preparation.
Further studies are needed to determine
whether institutional guidelines for mini-
mizing time from spinal placement to
delivery will improve neonatal
outcomes. n
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