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ABSTRACT

Background: An adequate dose of spinal anesthetic is very crucial in elderly surgical patients. The routine method
to calculate the dose in a particular patient is usually based upon the weight of the patient, but the effect cannot
always be predictable. We evaluated the efficacy and safety of the height-based dose of spinal anesthetic versus
the conventional dose on intraoperative hemodynamics and spinal block characteristics in geriatric patients
scheduled for lower limb surgeries.

Methodology: This single-blinded, parallel-group, randomized, clinical trial enrolled 56 patients, aged 60 y or above
who were scheduled for lower limb orthopedic surgeries under spinal anesthesia. The patients were randomly
divided into two groups. In the height-based group, 0.06 mg of 0.5% hyperbaric bupivacaine/cm height of the
patient was administered intrathecally. The control group received a fixed dose of 12.5 mg of 0.5% hyperbaric
bupivacaine intrathecally. All patients received 25 pg of fentanyl (0.1 mg / 2 ml) intrathecally. The incidence of
hypotension was the primary outcome. The incidence of bradycardia, highest sensory level, onset and duration of
sensory and motor block, incidence of shivering, the total dose of bupivacaine, total amount of fluid infused,
vasopressors needed, and blood loss were the secondary outcomes.

Results: The incidence of hypotension was significantly reduced in patients receiving height-based spinal dose
compared to those in which standard dose was administered (57.1% vs. 82.1%, P = 0.042). The duration of sensory
blocks was significantly shorter in height-based group compared to the control group (116 * 32.77 vs. 90.59 *
19.66 min; P = 0.001) as was the duration of the motor block (153.18 + 42 and 117 + 25.37 min; P < 0.001).

Conclusion: In geriatric patients undergoing orthopedic lower limb surgery, the height-based dose of spinal
anesthesia was effective and safe in reducing the incidence of hypotension with fast recovery from sensory and
motor block.

Abbreviations: ASA- American Society of Anesthesiologists; COPD- Chronic Obstructive Pulmonary Disease; CSF-
Cerebrospinal Fluid; DVT- Deep Venous Thrombosis; IQR- Interquartile range- n: Numbers; SD- Standard Deviation;
SA- Spinal Anesthesia
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1. INTRODUCTION

Geriatric patients frequently have several co-morbid
diseases that must be considered in the perioperative
anesthetic regimen. However, there is currently
insufficient data to suggest a single anesthetic strategy
that works best for the elderly.lvity, which lowers the
vasomotor tone, preload, afterload, and ultimately
cardiac output, especially in the elderly. Hemodynamic
instability and intraoperative hypotension are largely
influenced by autonomic nervous system function.?
Intraoperative hypotension is a well-known cause of
postoperative complications. higher mortality rates
were associated with lower intraoperative hypotension
as a result of high volumes of the intrathecal local
anesthetic.® Vasopressors and intravenous fluids are
frequently used to control spinal hypotension. For the
older population with coronary disease, this regimen is
debatable® Thus, an effective and safe method of spinal
anesthesia (SA) is needed for the elderly.

Several factors can affect SA including the age,
vertebral column length, position of the patient, and
spinal curvature etc.* Many studies employed the
standard dose of bupivacaine as a spinal local
anesthetic. These studies defined the standard dose as
12.5 mg to 15 mg of hyperbaric bupivacaine 0.5%, with
or without an additive. It is still uncertain how much
intrathecal local anesthetic is to be used in the elderly
and in pregnant women.? It is supposed that the block
level depends on the patient’s height. Moreover,
reduction of the local anesthetic dose could reduce the
incidence of intraoperative hypotension without
compromising analgesia.®

In obstetric practice, variable regimens have been tried
to adjust the intrathecal bupivacaine dose according to
patients” height. Using the height-based formula may
result in better hemodynamic parameters
perioperatively when compared to conventional dosing
regimen.> 8

We aimed to evaluate the efficacy and safety of the
height-based dose of SA regarding the intraoperative
hemodynamics and spinal block characteristics in elder
patients scheduled for lower limb orthopedic
operations.
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2. METHODOLOGY

The study was conducted following approval by the
Ethics Committee of the Faculty of Medicine, Cairo
University, Egypt. This trial was registered at the Pan
African Clinical Trials Registry (ID:
PACTR202301868522124). Each participant gave
written informed permission. The information of each
participant was kept private. This single-blind, parallel-
group, randomized, clinical trial was conducted at Cairo
University Hospitals, Egypt between August 2020 and
June 2021.

We included 56 geriatric patients of both genders, aged
more than 60 y, who were ASA physical status | or Il
and scheduled for lower limb orthopedic surgeries
under SA.

Patients with any of the following conditions were
excluded: height less than 150 cm; history of allergy to
the used medications; opioid abuse; coagulopathy;
sepsis; hypovolemia; increased intracranial pressure;
autonomic neuropathy; intermediate neurologic disease;
or infection at the puncture site.

Patients were randomly allocated to two groups, with
28 patients in each group. The control group received
12.5 mg of bupivacaine 0.5% (Sunnypivacaine Sunny
Pharmaceutical, Egypt) (2.5 ml) and 25 pg of fentanyl
(fentanyl Hameln Pharmaceutical, Germany) (0.5 ml) to
make a total volume of 3 ml. The height-based group
received 0.06 mg of bupivacaine per cm height of the
patient added to 25 pg of fentanyl (0.5 ml). Using the
procedure of sequentially numbered, opaque, sealed
envelopes, randomization and allocation concealment
was ensured.’

2.1. Anesthetic management

All patients were subjected to detailed history taking
and thorough physical examination. Complete blood
count, prothrombin time, partial tissue thromboplastin
time, international normalized ratio, and random blood
sugar were among the standard preoperative tests
carried out. Chest  X-ray and 12-lead
electrocardiography were done.
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Accessed for eligibility
(N=60)
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mmHg, an intermittent dose of 5 mg of
ephedrine  was administered and
repeated if hypotension continued for
5 min or recurred, every 2 min up to

Excluded (n = 4)
-Patient refusal (n = 2)
-Bleeding disorder (n = 2)

150 mg total dose. If hypotension
persisted, norepinephrine infusion at
0.05 pg/kg/min was given. If the HR

A 4

Randomized
(N =56)

decreased < 60 beats/min  without
hypotension, 0.5 mg atropine was
administered intravenously.
Supplemental oxygen was applied if
oxygen saturation decreased below

s
3
E

A 4

94%. Fluid management consisted of
v crystalloid  co-load and  hourly

Received allocated intervention

Allocated to height-based dose (n = 28)
(n=28)

Allocated to conventional dose (n = 28)
Received allocated intervention
(n=28)

dose of 4 mL/kg/h in addition to blood

] intraoperative maintenance fluid in a
loss replacement by 3:1 rule (3 mL of

crystalloid for each ml blood loss).
Balanced crystalloid solution (Ringer's

lactate solution) was administered.
Volume overload was avoided.

v 2.2. Outcomes

Analyzed
(n=28)

A
Lost to follow-up (n = 0) Lost to follow-up (n = 0)
Discontinued intervention (n = 0) Discontinued intervention (n = 0)

Analyzed The primary outcome was the
(n=28) incidence of hypotension.  The
incidence of bradycardia, highest

sensory level, the characteristics of

Figure 1: The CONSORT flow diagram of the trial

sensory and motor blocks (onset and
duration), intraoperative shivering, and

Upon arrival to the operating room, intravenous line
was maintained, ECG, peripheral oxygen saturation,
and non-invasive arterial blood pressure were
monitored. Blood pressure was recorded before the
anesthesia twice (taking average reading), then at 5 min
intervals for half an hour and every 15 min thereafter.

The dose of bupivacaine was calculated and withdrawn
in 3-ml syringe, and SA was done under complete
aseptic conditions in the sitting position at L3-L4 or L4-
L5 intervertebral space.

The patients were placed in the supine posture
following SA. A pin prick test was used to gauge the
sensory level following 5 min of SA. The
measurements included the onset of the sensory block
(time from intrathecal injection of drugs to reach T10
sensory level). The highest dermatomal level was
recorded and the time for the first analgesic request was
measured 8. The Bromage scale was used to evaluate
the motor block °. The onset of the motor block (time
from intrathecal injection to Bromage scale 3) and the
duration of the motor block (time from complete block
till Bromage scale 0) were recorded.

When the mean arterial blood pressure diminished by
20% lower than the baseline level or even less than 65
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the total dose of bupivacaine, amount of fluid
consumption, vasopressors used, and the blood loss
were secondary outcomes.

2.3. Sample size

The sample size was calculated using the MedCalc
software version 14 (MedCalc software bvba, Ostend,
Belgium), with a unilateral o of 0.05 and power to 0.80.
According to Gohiya et al. ° the incidence of
hypotension was 83%. The calculated sample size was
25 patients per group for a relative risk reduction of
50% in the incidence of hypotension. In order to make
up for the lost, the final sample size was increased to 28
patients each group (total sample size was 56 patients).

2.4. Statistical analysis

The Statistical Package for Social Sciences (IBM SPSS
Statistics) for Windows, version 25, was used to
conduct the statistical analysis. The data were
summarized as mean + standard deviation or median
(interquartile range), and groups were compared using
unpaired t test. Qualitative data were summarized as
frequencies, and associations were tested using Mann-
Whitney test and Pearson’s Chi-square test. The data
were considered significant if P value was equal to or
less than 0.05.
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(P = 0.491, 0.133, 0.485, and 1

Table 1: Demographic data of the patients
Variables

Height-based group

Control group

respectively) (Table 3).

The total volume of the used

(n =28) (n =28) spinal anesthetic was smaller in

Gender  Male 10 (35.7) 8 (28.6) 0.567 height-based group than the
Female 18 (64.3) 20 (71.4) control group (2.47 £ 0.1 ml vs 3

= 0 ml, P = 0.001). The mean

Age (¥) 69.79 £ 6.62 69.29 £6.92 0.783 dose of intrathecal bupivacaine of
Height (cm) 163.18 + 8.96 161.86 +9.29 0.590 the height-based group was
Weight (kg) 77.64 +10.22 78.25 +9.76 0.821 significantly reduced compared to

Data presented as n (%) or mean + standard deviation

the control group (9.79 + 0.54 mg
vs 125 + 0 mg, P = 0.001). The

3. RESULTS

Sixty patients were enrolled in the study. Four patients
were excluded due to refusal to participate in the study
and bleeding disorders. Fifty-six patients were
randomly allocated to two groups (Figure 1).

The age, height, or body weight were not statistically
different between the two groups (Table 1). Co-morbid
conditions were comparable in the two group with
statistically no difference (Table 2).

The incidence of hypotension requiring ephedrine was
significantly lower in the height-based group compared
to the control group (57.1% vs 82.1%, P = 0.042). The
incidence of bradycardia and the highest sensory level
of SA, shivering, and total amount of noradrenaline
were not significantly different between the two groups

onsets of sensory and motor block
were comparable in the groups (P = 0.133 and 0.085,
respectively). The duration of sensory and motor
anesthesia and the first analgesic request were
significantly reduced in the height-based group
compared to the control group (P = 0.001). The total
amount of administered crystalloids, total blood loss,
and total amount of ephedrine were comparable
between the two groups (P = 0.082, 0.109, and 0.090
respectively, Table 4).

4. DISCUSSION

Spinal anesthesia frequently causes hypotension and
bradycardia. These side effects are particularly evident
in elderly patients, increasing the risk of postoperative
morbidity and mortality.'* We evaluated the efficacy
and safety of the height-based dose of spinal anesthetic

Table 2: Comparative morbid conditions of patients in two groups

Morbid conditions

Height based Control group P-value

(n =28)

group

(n =28)

Hypertension 13 (46.4) 14 (50.0) 0.789
Diabetes mellitus 9 (32.1) 6 (21.4) 0.365
Ischemic heart diseases 3(10.7) 0 (0.0) 0.236
Neurological Stroke 2(7.1) 0 (0.0) 0.491
Alzheimer’s disease 0 (0.0) 1(3.6)
Stroke and Alzheimer’s disease 0 (0.0) 1(3.6)
Renal 1(3.6) 0 (0.0)
Hepatic Mild cirrhosis and hepatitis C virus 0(0.0) 1(3.6)
Chest bronchial asthma 1(3.6) 2(7.1)
COPD 1(3.6) 0 (0.0)
Hematological Deep venous thrombosis 1(3.6) 0 (0.0) 1
DVT, pulmonary embolism 5 y ago 0 (0.0) 1(3.6)
Rheumatology Systemic lupus erythematosus 0 (0.0) 1(3.6) 1
Rheumatoid arthritis 1(3.6) 1(3.6)

n: numbers; DVT: deep venous thrombosis; COPD: chronic obstructive pulmonary disease
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Table 3: Comparative incidences of complications in two groups

Variables, n (%)

(n = 28)

Height-based

Control group

Hypotension 16 (57.1) 23 (82.1) 0.042*
Bradycardia 0 (0.0) 2(7.1) 0.491
Shivering 4 (14.3) 6 (21.4) 0.485
Ephedrine use 16 (57.1) 23 (82.1) 0.042*
Total amount of wused O 28 (100.0) 27 (96.4) 1
noradrenaline, ug 10 0 (0.0) 1 (3.6)

Data presented as n (%):* significant at P < 0.05

on intraoperative hemodynamics and spinal block
characteristics in geriatric patients scheduled for lower
limb orthopedic operations. Our findings indicated that
the height-based spinal anesthetic dose was associated
with a lower incidence of hypotension compared to the

conventional SA. This was indicated by reduction in the
incidence of ephedrine use in the height-based group.
Furthermore, the mean dose of bupivacaine used in the
height-based SA was significantly reduced that was
associated with significant rapid recovery from

Table 4: Comparative block characteristics and the drugs used

Variables Height based group Control group
(n =28) (n =28)

Drugs used
Total volume of spinal anesthetic (ml) 2.47 +£0.10 3.00 £ 0.00 < 0.001*
Bupivacaine used (mg) 9.79 £ 0.54 12.50 £ 0.00 < 0.001*
Total dose of ephedrine used (mg) 22.5 (10-60) 55 (25-60) 0.090
(Tn?ff" amount of consumed crystalloids ;69 7 4+ 447 43 1855.36 + 455.90 0.082
Total blood loss (ml) 400 (250-500) 250 (200-500) 0.109
Sensory block characteristics
Onset of sensory anesthesia (min) 3(2-5.5) 3(2-3) 0.133
Duration of sensory anesthesia and time 116.00 + 32.77 153.18 + 42.00 0.001*
to first analgesic request (min)
Onset of sensory anesthesia (min) 3 (2-5.5) 3(2-3) 0.133

T2 1(3.6) 3(10.7)

T4 9(32.1) 8 (28.6)

T5 1(3.6) 0 (0.0)
Highest sensory level of spinal T6 4(14.3) 11 (39.3) 0.133
anesthesia T7 0 (0.0) 1(3.6)

T8 7 (25.0) 3(10.7)

T9 2(7.1) 0 (0.0)

T10 4 (14.3) 2(7.1)
Duration of sensory anesthesia and time 116.00 + 32.77 153.18 £ 42.00 0.001*
to first analgesic request, min
Motor block characteristics
Onset of motor block, min 5 (4-17) 4.5 (2-7) 0.085
Duration of motor block, min 90.59 + 19.66 117.00 + 25.37 < 0.001*

Data presented as mean + SD or median (IQR); * significant at P < 0.05
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anesthesia. Similarly, Huang et al. reported that the
height-based dose adjustment was effective in the
cesarean section with less maternal hypotension.®
Numerous variables influence SA, including height,
patient positioning during and after the administration
of SA, patient’s age, spinal curvature, intra-abdominal
pressure, pregnancy, and cerebrospinal volume.* It was
debatable if the block level for SA was related to the

patient's height. Evidence of statistical relationship
between block level and height is scarce; however,
statistical association between height and vertebral
column length has been reported. Norris found that
10.6% of the difference in spine length is associated
with the total height.> Hence, the block level could
depend on height.**'* According to Huang et al., as the
local anesthetic dose decreased in SA, intraoperative
hypotension diminished with sufficient analgesia.®

Several studies found that low doses of bupivacaine
with fentanyl were effective in reducing hypotension
incidence and analgesic use in lower limb surgeries in
elderly patients.2191516  Xjao et al. reported that
reduction of the bupivacaine dose could lower the
incidence of maternal hypotension in patients
undergoing elective cesarean section under spinal
epidural anesthesia.l” The intrathecal opioids have
paradoxical  behavior, where they could block
conduction in sympathetic pathways and somatosensory
evoked potentials but generate analgesia by inhibiting

synaptic  transmission in  nociceptive  afferent
pathways.8
Sadegh et al. and Seetharam and Bhat found no

significant difference in hypotension incidence when
fentanyl was added to bupivacaine in elderly patients
scheduled for lower limb surgeries.!®*® This
inconsistency with our findings might result from the
small sample size in these studies and the difference in
hypotension definition. Biatowolska et al. found no
reduction of the incidence of hypotension with the
height-based dose adjustment in cesarean section under
SA.Z The disagreement with our findings can be
explained by the difference in the inclusion criteria
where Bialowolska et al. included only middle-aged
females. Moreover, hypotension was identified by
reduction of systolic blood pressure to less than 85
mmHg or drop of more than 30% in the mean arterial
pressure.

In the current study, the incidence of bradycardia was
comparable in the two groups. Likewise, Some
researchers found that low dose of bupivacaine and
fentanyl did not significantly affect the incidence of
bradycardia when compared to bupivacaine alone in
geriatric patients.'®22 Contrary to these findings, Gohiya
et al. showed that the incidence of bradycardia

www.apicareonline.com
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increased with the high bupivacaine dose compared to
the low dose.'® They included higher age group (more
than 65 y) than those in our study. A higher age group
is known to be more susceptible to hemodynamic
disturbances.

The highest sensory level was not significantly different
between the groups. There was a non-exact linear
relationship between the bupivacaine dose and the
block height.Z Carpenter et al. revealed a good
correlation between the cephalic spread of local
anesthetic and the volume of lumbosacral cerebrospinal
fluid (CSF).2* There was a large variability in the CSF
volume among different patients with large
unpredictability and great variations in local anesthetic
spread and maximum sensory block height.

In our study, the incidence of shivering was comparable
in the two groups. Some other studies also reported no
difference between bupivacaine-fentanyl mixture and
ropivacaine-fentanyl mixture regarding shivering.?>26 A
systematic review and meta-analysis by Subramani et
al. concluded that intrathecal fentanyl diminished the
incidence of shivering in female patients undergoing
cesarean section under SA.?” In our study, the same
dose of fentanyl was added to bupivacaine in all
patients clarifying the comparable incidence of
shivering.

In our height-based group, the duration of sensory and
motor blocks and the time of first analgesic request
were significantly reduced. Liu et al. compared
different doses of hyperbaric bupivacaine and
concluded that the lower dose was associated with the
lower duration of effective analgesia.?® As a general
rule in pharmacology, increasing the dose could
increase the duration of action provided other factors
are kept constant.? In cesarean sections a prolonged
time to sensory and motor block with the conventional
bupivacaine dose has been reported, indicating a deeper
sympathetic block with a higher incidence of
hypotension in comparison to the height-based dose.®

Other researchers demonstrated that the low dose of
bupivacaine added to fentanyl had comparable
analgesic effect to the conventional dose of bupivacaine
alone.®® The discrepancies could be attributed to the
differences in the study design, the small sample size,
and the time to first analgesic request was not measured
in the ward.

The blood loss and intravenous fluids were not
markedly different in our study groups. Olofsson et al.
noticed that the blood loss was significantly reduced
intraoperatively but not the fluid administration.’® The
inconsistency with our results could be attributed to the
difference in the bupivacaine doses used in the two
studies.
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The total amounts of ephedrine and noradrenaline were
comparable in both groups of our study, as reported by
some earlier studies.®% Ben-David et al., however,
found a significant decline of the total amount of the
vasopressor ephedrine in geriatric patients who received
4 mg bupivacaine added to fentanyl compared to 10 mg
bupivacaine only in hip operations.® The incompatible
findings might be due to the great difference between
the two used doses of bupivacaine (10 vs. 4 mg) by
them, while we used 12.5 vs. 9.79 mg of bupivacaine.

5. LIMITATION

This study was conducted at only one institution and
had a limited sample size. There is a need for larger,
multicenter, randomized, controlled trials, to validate
our findings, so that general recommendations
regarding the choice od the spinal anesthetic can be
offered.

6. CONCLUSION

In geriatric patients undergoing orthopedic lower limb
surgery, the height-based dose of spinal anesthetic was
effective and safe in reducing the incidence of
hypotension and improving the sensory and motor
anesthetic characteristics.
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