Int J Clin Exp Med 2016;9(11):21562-21567
www.ijcem.com /ISSN:1940-5901/1JCEM0028307

Original Article

The spread of spinal anesthesia in
term parturient: effect of hip/shoulder
width ratio and vertebral column length

Mehmet Cantlirk?, Fisun Karbancioglu Cantuirk?, Recai Dagli®, Selda Songur Dagli*

Departments of *Anesthesiology and Reanimation, 2Obstetrics and Gynecology, Ahi Evran University Training
and Research Hospital, Kirsehir, Turkey; Departments of Anesthesiology and Reanimation, “Obstetrics and
Gynecology, Ahi Evran University, Kirsehir, Turkey

Received March 15, 2016; Accepted June 12, 2016; Epub November 15, 2016; Published November 30, 2016

Abstract: Objective: This study aims to determine the effect of age, height, weight, BMI, hip/shoulder width ratio,
and vertebral column length on the spread of spinal anesthesia in term parturient. In pregnant patients with a
larger hip width and a relative narrow shoulder width, more cephalad spread of spinal anesthesia is observed with
a fixed dose of hyperbaric bupivacaine. We hypothesized that the increase in cephalad spread of spinal anesthesia
may be correlated with the increased hip/shoulder width ratio. Methods: Age, weight, height, body mass index, hip
width, shoulder width, hip/shoulder width ratio, and vertebral column length were recorded for 75 term parturi-
ent. The L4-L5 interspace was introduced and 2 ml 0.5% hyperbaric bupivacaine was injected subarachnoid in 10
seconds without barbotage. Pearson and Sperman’s Rho Correlation Tests were used for the analysis of correlation
between patient characteristics and the cephalad spread of spinal anesthesia. Results: Hip/shoulder width ratio
had a positive correlation with the cephalad spread of spinal anesthesia (P=0.037). Other patient variables in the
present study did not have correlation with the cephalad spread of spinal anesthesia (P>0.05). Vertebral column
length had correlation with patient height (P=0.01). Conclusions: The cephalad spread of spinal anesthesia is cor-
related with hip/shoulder width ratio in term parturient patients. Vertebral column length has no correlation with
the spinal anesthesia spread but correlates with the height of the parturient. The hip/shoulder width ratio may be
more important than either patient height or vertebral column length in predicting the cephalad spread of spinal
anesthesia for each parturient.
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Introduction anesthetic drug is affected by more than twenty

factors [1]. Patient characteristics, technique of

Spinal anesthesia is widely used for cesarean
section worldwide. Although spinal anesthesia
has many advantages for the mother and the
newborn (e.g. the parturient can hear the birth
of the newborn and immediate contact between
the mother and newborn can be established)
compared to general anesthesia, it possesses
some risks as hypotension which is the most
common side effect of spinal anesthesia and
directly related to spread of spinal anesthesia.
To predict the spread of spinal anesthesia for
every parturient, andto provide sufficient surgi-
cal anesthesia while preventing hypotension,
several patient variables have been researched.

The spread of local anesthetics in the sub-
arachnoid space for a given dose of a local

injection, baricity of the local anesthetic agent
and the posture of the patient are the most
studied variables to affect the spread of spinal
anesthesia.

Patient position, sex, age, weight, height, body
mass index, and vertebral column length were
the patient variables studied to affect the
spread of spinal anesthesia [2]. The hyperbaric
local anesthetic solutions provide a more pre-
dictable anesthesia for cesarean section. Pre-
gnancy itself is one of the factors influenc-
ing the distribution of local anesthetic solutions
in cerebrospinal fluid since hormonal and ana-
tomical changes occur during pregnancy [3].
Anatomical widening of the hips and laxation
of symphysis pubis under control of gestational
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Figure 1. The anatomical measurement landmarks.
Demonstrating the landmarks for the anthropomet-
ric measures. a: acromion process, b: distance from
acromion process to midline, c: distance from iliac
crest to midline, d: wing of scapula, C7: Spinous pro-
cess of C7 vertebra, IC: iliac crest, SH: sacral hiatus,
C7-IC: distance from C7 vertebra prominence to iliac
crest.

hormones to prepare the birth canal for birth is
in the nature of pregnancy at term.

Based on this fact we hypothesized that the
increased hip/shoulder width ratio (HSR) may
play a role in the cephalad spread of spinal
anesthesia which is a practically measurable
patient variable to predict the spread of spinal
anesthesia. Data was also recorded for patient
age, height, weight, body mass index (BMlI), and
vertebral column length (VCL) to determine
their effect on the cephalad spread of spinal
anesthesia.

Materials and methods

After receiving approval from the Turgut Ozal
University Ethical Committee (08.10.2015, 99-
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950669/216), and the written informed con-
sent by all the participants (75 term parturient;
18-40 years; weight 52-106 kg; height 148-
175 cm) were enrolled in the study from Octo-
ber 2015 to December 2015. Term ASA physi-
cal status I-ll parturient that consented to
spinal anesthesia for elective cesarean deliv-
ery was included in the study. The pregnant
patients that rejected the study or spinal anes-
thesia, any contraindication for spinal anes-
thesia, present severe cardiovascular disease,
prior spine or spinal canal surgery, ASA physi-
cal status greater than I, emergent cesarean
sections or laboring parturient, patients short-
er than 145 cm and taller than 180 cm were
excluded.

The pregnant patients fasted for 8 hours and
500 ml of Lactated Ringer’s solution was in-
fused via an 18-gauge intravenous cannula
30 minutes before the cesarean section. An-
thropometric measures were recorded at sit-
ting position on a horizontal operation table
(Figure 1). Hip size was measured between
the two iliac crests and shoulder size between
the two acromion processes. Vertebral column
length was measured from the C7 prominence
to sacral hiatus (C7-SH) and to iliac crest (C7-
IC). Patients were monitored with standard
American Society of Anesthesiologists moni-
tors. During spinal anesthesia procedure, all
patients were placed on the left lateral decu-
bitus position with their legs, back and neck
flexed and the head supported by a pillow. A 25
G spinal needle was introduced at L3-L4 inter-
space using a midline approach with the open-
ing of the spinal needle turned cephalad and 2
ml (10 mg) hyperbaric bupivacaine (bupiva-
caine 5 mg/ml in 80 mg/ml dextrose) was
injected in 10 seconds without barbotage
after observing the free flow of the cerebrospi-
nal fluid. After the subarachnoid injection of
hyperbaric bupivacaine, the parturient was
placed supine on a horizontal operation table
with left uterine displacement and the opera-
tion table was kept horizontal until the end
of the surgery.

A 22 G needle was used to detect the cepha-
lad spread of spinal anesthesia at both mid-
clavicular lines by loss of sensation to pin-
prick test at 5, 10, 20 and 30 minutes after spi-
nal injection. Pinprick test started from the
anesthetized area and continued to cephalad
till the feeling changed from dullness to sharp
pain at both midclavicular lines. The number
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Table 1. Patient characteristics

Patient characteristics Mean + SD*
Age (y) 27.8+4.9
Height (cm) 161.1+5.9
Weight (kg) 80.3+11.4
BMI (kg/m?2) 31.0+4.6
ASA physical status (I/Il) 66/9
Hip width (cm) 45.5+3.8
Shoulder width (cm) 51.0+4.8
Hip/Shoulder width ratio 1.124+0.096
Vertebral column length (C7-SH) (cm) 58.1+3.3
Vertebral column length (C7-IC) (cm) 50.243.4

*: standard deviation.

Table 2. The patient characteristics and their
correlation with the cephalad spread of spinal
anesthesia

Loss of pinprick
Patient characteristics

discrimination

r pP*
Age (y) -0.10 0.373
Height (cm) 013 0.248
Weight (kg) -0.10 0.401
BMI (kg/m2) -0.16 0.181

Vertebral column length (cm, C7-SH) 0.18 0.124
Vertebral column length (cm, C7-IC) 0.17 0.135

Hip width (cm) 0.24 0.037
Shoulder width (cm) -0.04 0.760
Hip/Shoulder width ratio 0.30 0.009

*: P<0.05 is accepted as statistically significant.

of blocked segments was recorded starting
from fifth sacral vertebra up to the maximum
cephalad spread. Surgery started when spinal
anesthesia reached to 6th thoracic dermatome
level. General anesthesia would be induced if
the spinal anesthesia spread was inadequate
for the surgery or failed.

Hypotension was accepted as 20% decrease
from the baseline systolic blood pressure
(SBP) or SBP<90 mmHg and treated with 5
mg intravenous ephedrine boluses and hydra-
tion with Lactated Ringer’s solution as need-
ed. Bradycardia was defined as a heart rate
(HR)<50 beats/minute and was treated with
intravenous atropine.

Statistical analysis

The power analysis of the study was calculated
by G*Power 3.1.9.2 statistical package pro-
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gram. Minimum sample size (n) was calculated
to be 72 at a probability level (x)=0.05 and
effect size (p)=0.37 for a statistical power level
(1-B)=0.91. The statistical analysis of all data
was performed with IBM SPSS 21.0 (SPSS Inc.,
Chicago, IL) package program. Normal distribu-
tion of the data was analyzed with Kolmogorov-
Smirnow and Shapiro-Wilk tests; repeated
measures ANOVA was used for quantitative
data measured at different sampling intervals,
data that did not have normal distribution was
analyzed with Friedman test. If a statistical sig-
nificance was detected, Tukey HSD test was
used to determine which parameter was re-
sponsible for the difference. The correlation
between the cephalad spread of spinal anes-
thesia and age, height, weight, BMI, HSR, and
VCL (C7-SH and C7-IC) were analyzed with
Pearson and Sperman’s Rho Correlation Tests.
A p value <0.05 was considered statistically
significant.

Results

All parturients included in the study reached a
satisfactory spinal anesthesia dermatome level
for cesarean delivery and their characteristics
are summarized in Table 1. Time to reach maxi-
mum sensory block was between 12-minutes
(15.3+1.6 minutes) and the maximum cepha-
lad spread of spinal anesthesia ranged from T4
to C6. Table 2 summarizes the relationship
between patient characteristics and the cepha-
lad spread of spinal anesthesia. Atropin was
necessary for six (5%) and ephedrine for 35
(46.7%) of the parturients. There was no corre-
lation between patient age (P=0.37), height
(P=0.24), weight (P=0.40), BMI (P=0.18) and
the anesthesia spread. There was a significant
correlation between HSR and cephalad spread
of spinal anesthesia (P=0.009; Figure 2). VCL
(C7-SH and C7-1C) did not have a correlation
with the cephalad spread of spinal anesthesia
(P=0.124; P=0.135) but had a statistically sig-
nificant correlation with the height of the
patient (P=0.032; P=0.019) (Figures 3 and 4).

Discussion

Although cephalad spread of spinal anesthesia
is multifactorial and is hard to predict the level
of spinal anesthesia, the parameters that are
easily measurable may aid to predict the anes-
thesia spread at the daily practice. Patient posi-
tion and the baricity of the local anesthetic
drugs are the two factors influencing caudal or
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Spread of spinal anesthesia (segment)
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Figure 2. The correlation between hip/shoulder width ratio and the spread
of spinal anesthesia. Demonstrates the significant correlation between the
spread of spinal anesthesia and hip/shoulder width ratio (P=0.009).
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Figure 3. The correlation between vertebral column length (C7-SH) and pa-
tient height. Demonstrates the correlation between the height of the patient
and vertebral column length (in the figure C7-SH represents the distance
between the process of C7 vertebra to the sacral hiatus) (P=0.124).

with a given dose of hyper-
baric bupivacaine in term
parturient. Physiological fac-
tors and hormones during
pregnancy effect on the bonny
structure of the pelvis to pro-
vide a birth canal for the
fetus resulting in an incre-
ased hip size [6]. Since the
trunk gains a relative Trende-
lenburg position on the hori-
zontal operating table due
to a wider hip, the increased
HSR may result in spilling
of the hyperbaric local anes-
thetic solution more cepha-
lad leading to an increased
spread of spinal anesthesia.
To our knowledge, there was
no prospectively designed
study documenting the effect
of HSR on the spread of spi-
nal anesthesia in the litera-
ture. The increased HSR may
be one of the important pa-
tient variables altering the
cephalad spread of spinal
anesthesia in pregnant pa-
tients undergoing cesarean
section observed in the cur-
rent study.

In our study, we did not find
a correlation between the
VCL and the spread of spinal
anesthesia hovewer Zhou Q.
reported a significant correla-
tion between VCL and the
spread of spinal anesthesia
[7]. They studied 114 non
pregnant patients and found
a significant correlation be-
tween VCL and spread of
spinal anesthesia (P=0.009).
The difference between this
study and the current study
may be due to the difference
in baricityof the local anes-
thetics used (plain vs hyper-
baric bupivacaine) and the

cephalad spread of spinal anesthesia under patients in our study population were par-
the effect of gravitational forces [1, 2, 4, 5]. turients. Unlike presented in our study, Hart-

well BL. reported a correlation between the
We found a positive correlation between HSR spread of spinal anesthesia and VCL in term
and the cephalad spread of spinal anesthesia parturient with a given dose of hyperbaric bu-
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In a recent study by Xu F.
[11], the effect of postural
change from lateral to supine
on the cephalad spread of
spinal anesthesia after in-
jection of 0.5% plain bupiva-
caine for cesarean section
was studied and they con-
cluded that it was an impor-
tant mechanism for the ce-
phalad spread. The authors
r=0272 explained the condition with
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Figure 4. The correlation between vertebral column length (C7-IC) and pa-
tient height. Demonstrates the correlation between the height of the patient
and vertebral column length (in the figure C7-IC represents the distance be-
tween the process of C7 vertebra to iliac crest) (P=0.135).

pivacaine [8]. Our results and those of Hartwell
BL are different which may be due to the tech-
nical differences in administration of spinal
anesthesia since we did not use barbotage; the
level of spinal needle introduction segments
and the volume injected subarachnoid are dif-
ferent in the studies. Hartwell also stated that
there was a weak correlation between height
and VCL; however in the current study we found
a statistically significant correlation between
height and VCL. Racial differences in our study
population and the latter study may be the rea-
son causing the differences in anthropometric
measures and may explain the differences in
correlation between VCL and the height of the
patient. In a study carried out on non-pregnant
patients by Perez-Tamayo [9], there was no cor-
relation with the VCL and the spread of spinal
anesthesia. Pargger also reported that there
was no correlation between VCL and the ceph-
alad spread of spinal anesthesia [2]. As sup-
ported by our results, Norris also have studied
the effect of VCL on spinal anesthesia spread
on parturient patient population with hyperbar-
ic bupivacaine and reported no correlation
[10].

Our finding of no correlation between the ce-
phalad spread of spinal anesthesia and age,
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venous engorgement of the
epidural veins and an in-
creased intraabdominal pres-
sure when the patient turn-
ed to supine. Besides these
mechanisms we speculate
that, although HSR was not
measured in this study, partu-
rient population not always but generally have
an increased HSR resulting in a relative Tren-
delenburg position and this might have contri-
buted to the cephalad spread of spinal anes-
thesia. Since the local anesthetic agent used
was plain bupivacaine, it acts hypobaric in cere-
brospinal fluid at body temperature [12] and
the longer the patient stays on lateral position
before turning to supine (at a relative trendelen-
burg position on a horizontal operation table)
the caudal pooling of a hypobaric agent may
result in a less cephalad spread of spinal anes-
thesia in term parturient.

In conclusion, of the patient characteristics
studied; age, weight, height, BMI, and VCL have
no correlation with the cephalad spread of spi-
nal anesthesia with a fixed dose of hyperbaric
bupivacaine in term parturient. HSR has a sig-
nificant correlation with the spread of spinal
anesthesia. In pregnant patient population,
more cephalad spread of anesthesia may be
expected with increasing HSR which may be
more valuable than VCL for predicting cephalad
spread of spinal anesthesia.
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