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Level of sensory block after spinal anesthesia as
a predictor of hypotension in parturient

Ning Zhang, MD*P, Liangliang He, MD?, Jia-Xiang Ni, MD*"

Abstract

N

When the sensory block level (SBL) is >T5 or T4, a high incidence of hypotension occurs in parturients after spinal anesthesia. A \

rapidly ascending SBL is another risk factor for spinal anesthesia-induced hypotension. However, the relationship between the
ascension rate of the SBL and spinal anesthesia-induced hypotension remains unclear.

After placement in the left lateral position, combined epidural-spinal anesthesia was performed on 140 parturients undergoing
caesarean section using the following procedure: no volume preloading, injection site of L3—4 or L4-5, injection rate of 0.1 mL/sec,
and administration of 10mg of 0.5% hyperbaric bupivacaine. A receiver-operating characteristic curve was built to estimate the
accuracy of the SBL ascension rate in detecting spinal anesthesia-induced hypotension.

The mean time interval from spinal injection to placement in the supine position was 136 + 10 seconds in all anesthesia procedures.
The earliest and most complete records of the SBL started from the 3rd minute after spinal injection. The threshold spread rate
corresponding to the highest accuracy for occurrence of hypotension was an SBL of >T8 at the 3rd minute after spinal injection, with

82% and 88% sensitivity and specificity, respectively.

The ascension rate of an SBL of >T8 at the 3rd minute after spinal injection is as a predictor of hypotension in parturients.

Abbreviations: CSF = cerebrospinal fluid, hypoSBL = sensory block level occurring hypotension, maxSBL = maximal sensory
block level, 3“minSBL = sensory block level at the 3rd minute after spinal injection, SBL = sensory block level.

Keywords: hypotension, parturients, sensory block level, spinal anesthesia

1. Introduction

An extensive and rapidly ascending sensory block level (SBL)
readily contributes to the high incidence of hypotension after
spinal anesthesia in parturients, increasing the risk of maternal
discomfort and fetal anoxia.l"*! Various studies have revealed
that spinal anesthesia-induced hypotension occurs at a high
incidence after sensory block at the level of >TS5 or T4 in
parturients.®! These findings are supported by the fact that
nerve fibers affecting the vasomotor tone of the arterial and
venous vessels arise from T5-L1 and that cardioaccelerator fibers
arise from T1-T4. Although a rapidly ascending SBL is another
risk factor, how the rate of ascension of the SBL induces spinal
anesthesia-induced hypotension is unclear. Therefore, the
purpose of this study was to elucidate the relationship between
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the rate of SBL ascension and spinal anesthesia-induced
hypotension after spinal anesthesia in parturients.

2. Methods

This prospective observational study was performed after the
Institution’s Ethics Examining Committee of Human Research’s
approval. After the consent form signed, 140 healthy parturients
at term with singleton pregnancy scheduled for elective caesarean
sections from October 2015 to August 2016 were recruited in this
study. Excluded from the study were parturients below the age of
18 or above the age of 40; whose gestational age was less than 36
weeks; whose height was less than 150 cm or more than 170 cm;
whose body mass index was more than 50kg/m?*; who had an
allergy to anesthetic drugs; were in active labor; and who were
experiencing fetal macrosomia, pregnancy-induced hypertension,
or a contraindication to central neuraxial block.

No premedication or prehydration was administered before
induction of spinal anesthesia. After inserting a 16-gauge
intravenous cannula in the left forearm, the patency of the
cannula was maintained through the titration of lactated Ringer
solution at the rate of 10 mL/kg/h. All parturients received routine
monitors, including 3-lead electorcardiography, noninvasive
blood pressure (BP), and fingertip pulse oximetry. Parturients
were placed in the left lateral position, and combined epidural—-
spinal anesthesia was performed in the L3-4 or L4-5 vertebral
interspace after skin infiltration with 1% lidocaine. The epidural
space was identified by loss of resistance to 1 mL of air through an
18-gauge epidural needle. Using the needle-through-needle
technique, a 27-gauge pencil-point spinal needle was introduced
into the dura mater. Next, 2mL of 0.5% bupivacaine was
injected at the rate of 0.1 mL/sec, with the orifice of the spinal
needle facing cephalad after verifying the free flow of
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cerebrospinal fluid (CSF). An epidural catheter was carefully
inserted 3.5 to 4.0 cm into the epidural space through the epidural
needle by immediately placing the parturients in the supine
position with a 15° left lateral table tilt until delivery of the infant.
If an inadvertent dural puncture or venous puncture during
epidural catheterization occurred and the time interval from
spinal injection to placement in the supine position was >3
minutes, the parturient was excluded from the study.

The heart rate and pulse oximetry of the parturients were
monitored consistently before the induction of anesthesia and
throughout the intraoperative period (0.5mg of atropine was
injected intravenously when the heart rate was <60 bpm, and the
flow rate of oxygen was maintained at 4L/min through a face
mask). Before induction of spinal anesthesia, blood pressure (BP)
was measured with a noninvasive BP cuff on the right brachial
artery. The baseline systolic BP (SBP) was acquired by the average
of 3 readings at 2-minute intervals with the parturients lying at a
15° left lateral table tilt without disturbance.

After spinal injection, the SBP and SBL were recorded
simultaneously at 1-minute intervals for the 1st 20 minutes and
at 5-minute intervals thereafter until the surgery was finished. The
SBL and SBP were recorded by 2 investigators, respectively,
neither of whom performed the anesthesia procedure. The SBL
was assessed along the abdominal midline from T12 toward the
cephalad region with an alcohol swab. The surgery was allowed
to commence when the SBL reached T6. For top-up of the
epidural bolus, SmL of 0.75% ropivacaine was administered
through an epidural catheter into the epidural space. A maximum
of 20 mL was administered when the SBL had not reached T6 15
minutes after injection of the anesthetic.

Hypotension was defined as an SBP of <90mmHg or a 30%
decrease from the baseline value. Hypotension was treated with
50 g of intravenous phenylephrine every 1minute until the
hypotension was corrected. In addition, if the parturients were
nauseous, the same dose of phenylephrine was administered
intravenously regardless of the SBP at that time. During the
operation, the patient-derived visual analogue scale (VAS) score
for pain was recorded with a 100-mm gauge (based on a 0-100
linear VAS: 0 =no pain, 100 =worst pain imaginable) when the
parturient complained of discomfort or pain due to the operative
procedure. A 1-mg bolus of butorphanol was administered
intravenously if the VAS score was >30 but the SBL was at or
above the T6 dermatome, and a 5-mL epidural bolus top-up of
0.75% ropivacaine was given through an epidural catheter to a
maximum of 20mL if the VAS score was >30 and the SBL was
below the T6 dermatome. All rescue medications were adminis-
tered by the anesthetist performing the anesthesia procedure.
Finally, the incidence of side effects (such as nausea, vomiting,
and shivering) throughout the intraoperative period was
recorded by the investigator collecting the hemodynamic
parameters.

After delivery of the infant, the surgical nursing staff infused
oxytocin according to the uterine tone. The pediatric personnel
obtained the Apgar scores at 1 and 5 minutes. A blood sample
was taken from a double-clamped segment of the umbilical cord,
and blood gas analysis was conducted by the anesthetist
performing the anesthesia procedure.

The SBLs after spinal injection and during spinal anesthesia-
induced hypotension were recorded, including the maximal
sensory block level (maxSBL), the SBL at which hypotension
occurred (sensory block level occurring hypotension [hypoSBLY]),
the time to the maxSBL, and the time to hypotension. Neonatal
outcomes including weight, umbilical vein pH, Apgar scores at 1
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and Sminutes, and side effects such as nausea, vomiting, and
shivering were also recorded.

After spinal anesthesia, all subjects were divided into a
hypotension group (group H) and nonhypotension group (group
non-H). The dermatomes T12 to C1 were coded from lowest to
highest as 1 to 20. Values are expressed as the mean + standard
deviation, median (interquartile range), or number and analyzed
using the unpaired Student ¢ test, Mann—-Whitney U test,
Wilcoxon signed-ranks test, chi-square test, or Fisher exact test,
where appropriate. Continuous data were assessed with the
unpaired Student ¢ test, non-normally distributed variables with
the Mann-Whitney U test for unpaired data, and the Wilcoxon
signed-ranks test for paired data. Categorical data were assessed
with the chi-square test or Fisher exact test. A receiver-operating
characteristic curve was created to evaluate the accuracy of the
spread speed or height of the SBL in predicting the occurrence of
hypotension, and an area of 0.5 indicated that the predicted
accuracy was equated with random selection. The optimal
operating point was identified by the highest combination of
sensitivity and specificity and the correctly classified rate. A P
value of <.05 was considered statistically significant (2-tailed).
Statistical analyses were performed using Stata version 12.0
(StataCorp, College Station, TX) or GraphPad Prism version 5.0
(GraphPad Software Inc., San Diego, CA).

3. Results

In this study, 8 parturients were excluded from the study as a
result of the following reasons: 1 experienced unintentional dural
puncture; 4 suffered inadvertent venous puncture; 1 failed to
collect SBP data due to serious shivering; and 2 were diagnosed
with supine hypotensive syndrome before the induction of
anesthesia. A total of 132 parturients participated in the study, of
62 experienced hypotension and 70 did not (Fig. 1).

The demographic characteristics and anesthesia and surgical
times are shown in Table 1. No significant difference was
observed between the 2 groups.

Figure 2 shows the distribution of the SBL. The median
maxSBL was higher in group H than in group non-H (T3 vs T4,
respectively; P <.0001) (Fig. 2A), the median hypoSBL was lower
than the median maxSBL in group H (T4 vs T3, respectively;
P<.0001) (Fig. 2B), and the median hypoSBL in group H was
similar to the median maxSBL in group non-H (T4 vs T4,
respectively; P=.47) (Fig. 2C).

Figure 3 shows that the median time to maxSBL in group non-
H was longer than that in group H (10.5 vs 9.0 minutes,
respectively; P<.001) (Fig. 3A), the median time to maxSBL in
group non-H was longer than the median time to hypoSBL in
group H (10.5 vs 6.0 minutes, respectively; P <.0001) (Fig. 3B),
and the median time to maxSBL was longer than the median time
to hypoSBL in group H (9 vs 6 minutes, respectively; P <.0001)
(Fig. 3C).

The mean time interval from spinal injection to placement in
the supine position was 136+10seconds in all anesthesia
procedures (Table 1). Because the SBL was measured every 1
minute after spinal injection, the earliest record of the SBL began
at the 3rd minute after spinal injection.

Compared with the predictive accuracy of the occurrence of
hypotension with maxSBL (area under the receiver-operating
characteristic curve [AUC]=0.77), a stronger power was
acquired with an ascending SBL at the 3rd minute after spinal
injection (3*minSBL) (AUC=0.86, P=.02). The optimal
operating point was T8 because it showed the highest
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STEP 4
Subjects analyzed

n=140

Recruited parturients

Excluded from study (total n=8):
-unintentional dural puncture n=1

» -inadvertent venous puncture n=4
-serious shivering n=1

-SHS before anesthesia® n=2

n=132

Completed study parturients
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Figure 1. Analysis process of the study subjects. AUC =the area under the curve, ROC =receiver-operating characteristic curve, OOP =optimal operating point,
SBL =sensory block level, SHS =supine hypotensive syndrome.

Demographic characteristics and anesthesia or surgical times.

Hypotension (n=62) Nonhypotension (n=70) P All subjects (n=132)
Age, y 29.5+39 28.8+3.0 27 29.1+35
Weight, kg 702+7.1 68.5+6.4 15 69.3+6.8
Height, cm 161.1+4.4 162.0+£4.0 .26 161.6+4.2
BMI, kg/m? 30.8+6.0 29.2+5.3 10 30.0+5.7
Gestation, d 274.4+15.3 276.3+7.4 .36 276.2+7.3
Baseline systolic blood pressure, mmHg 115.3+8.6 113.8+8.9 .32 1145+8.8
Volume of iv fluid before spinal injection, mL 116.1+30.8 116.1+£28.7 .99 116.1+21.6
Spinal injection to left-tilt supine position interval, sec 135+ 11 137+10 37 136+10
Spinal injection to skin incision interval, min 11.1+26 11.8+24 .07 11.5+£25
Spinal injection to delivery interval, min 151+3.0 15.8+2.5 10 155+28
Skin incision to delivery interval, min 40+£1.0 40+£1.0 1.0 40+1.0
Uterine incision to delivery interval, sec 118.2+30.2 120.5+32.2 .67 119.4+31.2
Spinal injection to end of surgery, min 457+4.0 459452 .87 45.8+4.6

Values indicate the mean+SD. BMI=body mass index, SD=standard deviation.
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Figure 2. Ascending range of sensory block level after spinal anesthesia. Box plots display the 25th, 50th, and 75th percentiles as horizontal lines on a bar,
whiskers above and below the box indicated the 90th and 10th percentiles, and data beyond the 10th and 90th percentiles are showed as individual points.
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Figure 3. Time to sensory block level or hypotension. Box plots display the 25th, 50th, and 75th percentiles as horizontal lines on a bar, whiskers above and below
the box indicated the 90th and 10th percentiles, and data beyond the 10th and 90th percentiles are showed as individual points.

combination of sensitivity and specificity (sensitivity=0.82,
specificity =0.88, and correctly classified rate=0.86) (Fig. 4).

A higher frequency of nausea was found in group H than in
group non-H, but no significant difference in the incidence of
shivering was observed between the 2 groups. No parturients
experienced vomiting. The incidence of receiving intravenous
butorphanol after delivery of the infant and receiving an epidural
bolus top-up was similar between the 2 groups (Table 2).

A higher umbilical vein pH was found in group non-H than in
group H (7.34+0.04 vs 7.32+0.04, respectively; P=.0035).
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Figure 4. Receiver-operating characteristic curves (ROCs) for 3“minSBL and
maxSBL. 3“minSBL=sensory block level at the 3rd minute after spinal
injection, maxSBL =maximal sensory block level.

Similar outcomes for neonatal weight and the Apgar scores were
found between the 2 groups (Table 2).

4. Discussion

The findings of this study demonstrate that the SBL ascension rate
is a predictor of hypotension in parturients receiving combined
epidural-spinal anesthesia. With high sensitivity (0.82) and
specificity (0.88), an SBL of >T8 at the 3rd minute after spinal
injection was beneficial in bridging the gap of predicting the
occurrence of hypotension and the ascending SBL.

In this study, parturients who developed hypotension had a
higher SBL, supporting the theory that a higher block level is
associated with a higher incidence of hypotension.””! However,
the time to hypotension was shorter than the time to the maxSBL
(median, 6 vs 9minutes, respectively), and the hypoSBL was
lower than the maxSBL (median, T4 vs T3, respectively); these
findings are similar to those by Sudha et al.l'”! The time to
hypotension was earlier than the time to the maxSBL, indicating
that the role of the maxSBL in the occurrence of hypotension was
explanation but no prediction.

Actually, using only the SBL to explain the occurrence of spinal
anesthesia-induced hypotension is inadequate. In 2001, Selten-
rich et al™ reported that if a similar SBL resulted in a difference
in the incidence of hypotension, it was because of a slower-onset
sympathetic block allows more time for physiologic compensa-
tion. A similar phenomenon was shown in this study. When the
SBL reached T4, hypotension occurred in group H but not in
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Maternal side effects and neonatal outcomes.

Hypotension Nonhypotension
(n=62) (n=70) P

Maternal side effects

Nausea, n, % 51 (82.3) 4 (5.7) <.0001

Shivering, n, % 11 (17.8) 7 (10) 19
Rescue measures

iv Butorphanol, n, % 4 (6.4 13 (18.6) .06

Epidural top-up bolus, n, % 0(0) 342 24
Neonatal outcomes

Weight, g 3584.7 +384.3 3473.6+392.2 10

1-min Apgar <7 10 (10-10) 10 (10-10) .23

5-min Apgar <7 10 (10-10) 10 (10-10) .92

Umbilical vein Ph 7.32+0.04 7.34+0.04 .005

Values are mean + standard deviation (SD) or median (interquartile range).

group non-H; this was because of the longer time to T4 in group
non-H than in group H (10.5 vs 6.0minutes, respectively).
Therefore, the SBL ascension rate is as important as the height of
the SBL in the occurrence of hypotension.

Many factors are likely to affect the spread of the SBL, but
variability in the lumbosacral CSF volume is the most important
factor contributing to the variability in the spread of the spinal
sensory anesthesia level.''?! Onuki et al'*3! showed that the CSF
volume ranged from approximately 25 to 45mL in 18 pregnant
women. Therefore, the range of spread of the SBL after injection
of local anesthetics into the CSF is unpredictable. In the present
study, we hypothesized that the SBL ascension rate may serve as
an indicator of the trend of the SBL spread after spinal anesthesia.

Coppejans et all'* reported that the mean time interval from
injection of an anesthetic to placement in the supine position was
129 seconds in the lateral position as a result of the extra time
required to place and secure the epidural catheter. These mean
times were 125, 132, and 125 seconds, respectively, in 3 groups of
the study by Hallworth et al.""*! In the present study, we detected
a slightly prolonged duration from spinal injection to placement
in the supine position; the mean interval time was 136 seconds in
all anesthesia procedures. However, we believe that this is
reasonable in clinical practice. In this study, the SBL was
measured every 1minute after spinal injection; therefore, the
earliest record started from the 3rd minute after spinal injection.

In this study, a receiver-operating characteristic curve was
created to evaluate the predictive accuracy of hypotension
according to the SBL at 3™minSBL or the maxSBL. Acting as the
measure of accuracy, the AUC of 3*minSBL was 0.86, indicating
considerable discriminative power for the occurrence of
hypotension. Meanwhile, taking both sensitivity (0.82) and
specificity (0.88) into consideration, we found that a 3**minSBL
of >T8 was the optimal operating point at which to predict the
occurrence of hypotension with a correctly classified rate of 0.86.
Although the AUC of the maxSBL (0.77) was considered a sign of
moderate power, we suggest that the maxSBL should be used as a
retrospective index because of the unpredictable spread range of
the SBL and the fact that the time to maxSBL lags behind the time
to hypotension. A 3minSBL of >T8 should be the predictive
index for the occurrence of hypotension.

A higher incidence of nausea was observed in parturients who
developed hypotension, which was likely associated with
hypotension after spinal injection. Maternal BP close to baseline
level which can maintain the umbilical vein pH higher than
parturients experiencing hypotension, similar results appeared in
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our trial.'"®' However, both umbilical vein pH values were within
the normal range, which can explain why no Apgar score was
<7 at 1 or S minutes in our study. Another potential reason is that
a healthy fetus has good tolerance when hypotension lasts
<4 minutes."”!

This study was subject to several limitations. First, this study
was performed using noninvasive arterial BP monitoring.
Considering the marked changes in hemodynamics that occur
after spinal anesthesia, a timely and accurate outcome can be
acquired by invasive arterial BP monitoring. However, we believe
that the results of our study also provide clinical guidance because
noninvasive arterial BP measurement is a routine monitoring
technique. Second, the CSF volume was not measured with
magnetic resonance imaging in the current study. Therefore,
whether the unpredictable SBL ascension range was influenced by
the variability in the CSF volume remains unclear.

In summary, because of the unpredictable SBL ascension range,
the ascension rate is more suitable for the prediction of
hypotension. After placement in the left lateral position,
combined epidural-spinal anesthesia was performed on partu-
rients undergoing caesarean section using the following proce-
dure: no volume preloading, injection site of L34 or L4-5,
injection rate of 0.1 mL/sec, and administration of 10 mg of 0.5%
hyperbaric bupivacaine. Based on our findings, the ascension rate
of an SBL of >T8 at the 3rd minute after spinal injection is
recommended as a predictor of hypotension in parturients.
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