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Abstract
Purpose Early mobilization is an important aspect of fasttrack protocols and intrathecal bupivacaine is often used in
primary total knee arthroplasty (TKA). Although the
optimal dose is not known, conventional doses leave
patients unable to mobilize for two to four hours. The dose
of an intrathecally administered local anesthetic should
therefore be optimized to achieve immediate postoperative
mobilization. This study determined the median effective
dose (ED) of intrathecal bupivacaine for primary
unilateral TKA.
Methods Between April 2016 and February 2017 all
patients who qualified for unilateral primary TKA were
eligible for inclusion. In this dose-finding study, the upand-down method by Dixon and Massey was used, which is
a sequential allocation model. Patients received a dose of
isobaric bupivacaine according to the outcome of the
preceding patient with an initial starting dose of 5 mg. The
dose was increased or decreased by steps of 0.5 mg,
depending on the outcome of the preceding patient. During
surgery, patients were closely monitored for indications of
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pain. Time points of regaining motor and sensory functions
were determined.
Results Twenty-five patients were included. Mean (SD)
age was 70.1 (8.8) yr old, median [IQR] body mass index
was 29.5 [27.3-30.9 kgm-2], and 48% were female. In 11
patients the dose was inadequate; of these, nine patients
needed additional anesthesia during surgery, and in four of
these nine patients a conversion to general anesthesia was
required. The median ED was 3.5 (95% confidence interval
[CI], 3.1 to 4.0) mg of intrathecal bupivacaine. The
calculated ED50 was 3.4 (95% CI, 2.7 to 4.0) mg; the
calculated ED95 was 5 (95% CI, 3.7 to 8.0) mg.
Conclusion In this small study with tight control over
operative duration, the median effective dosage of
intrathecal isobaric bupivacaine for primary unilateral
TKA was 3.5 mg and the ED95 was 5 mg. Reduction of
conventional dosages of intrathecal bupivacaine is feasible
at centres using fast-track arthroplasty protocols.
Résumé
Objectif La mobilisation précoce est un élément important
des protocoles de réhabilitation accélérée et la
bupivacaı̈ne intrathécale est souvent utilisée dans
l’arthroplastie totale primaire de genou. Même si on ne
connaı̂t pas sa dose optimale, les doses conventionnelles
ont pour effet de rendre impossible la mobilisation des
patients pendant deux à quatre heures. La dose d’un
anesthésique local administré par voie intrathécale doit
donc être optimisée pour permettre une mobilisation
postopératoire immédiate. Cette étude a établi la dose
efficace (DE) médiane de bupivacaı̈ne intrathécale pour
une arthroplastie totale de genou primaire, unilatérale.
Méthodes Tous les patients répondant aux critères
d’arthroplastie totale de genou primaire unilatérale entre
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avril 2016 et février 2017 ont été jugés admissibles à
l’inclusion dans l’étude. Cette étude de détermination de
doses a fait appel à la méthode plus-moins de Dixon et
Massey, soit un modèle d’affectation séquentielle. Les
patients ont reçu une dose de bupivacaı̈ne isobare en
fonction des résultats chez le patient précédent avec une
dose de départ initiale de 5 mg. La dose a été augmentée
ou diminuée par paliers de 0,5 mg, en fonction des
résultats observés chez le patient précédent. Les patients
ont été étroitement surveillés pendant l’intervention à la
recherche de signes indiquant de la douleur. Les moments
de la récupération des fonctions motrices et sensitives ont
été consignés.
Résultats Vingt-cinq patients ont été inclus. L’âge moyen
(ET) était de 70,1 (8,8) ans, l’indice de masse corporelle
médian (EIQ) était de 29,5 (27,3 à 30,9 kgm-2) et 48 %
étaient des femmes. La dose a été insuffisante chez
11 patients; parmi ces patients, neuf ont nécessité une
anesthésie supplémentaire en cours de chirurgie et la
conversion en anesthésie générale a été nécessaire pour
quatre des neuf patients. La DE médiane était de 3,5
(intervalle de confiance [IC] à 95 % : 3,1 à 4,0) mg de
bupivacaı̈ne intrathécale. La DE50 calculée était de 3,4
(IC à 95 % : 2,7 à 4,0) mg; la DE95 calculée était de 5 (IC
à 95 % : 3,7 à 8,0) mg
Conclusion Dans cette petite étude avec contrôle strict de
la durée de l’intervention chirurgicale, la dose efficace
médiane de bupivacaı̈ne intrathécale isobare pour
arthroplastie totale de genou primaire unilatérale a été
de 3,5 mg avec une DE95 de 5 mg. La diminution des
doses conventionnelles de bupivacaı̈ne intrathécale est
faisable dans les centres utilisant des protocoles de
réhabilitation accélérée d’arthroplastie.

During the last decades, fast-track protocols have been
introduced for total knee arthroplasty (TKA), which have
reduced the length of hospital stay without an increase of
complications and readmissions.1,2 Early mobilization is an
important aspect of these fast-track protocols.3 Therefore,
they create new challenges in anesthesia protocols
requiring dose optimization to allow immediate
postoperative mobilization.4,5
In fast-track TKA, intrathecal anesthesia is preferred
over general anesthesia because of lower mortality and
morbidity rates.6–9 Moreover, spinal anesthesia yields
lower postoperative pain scores and less nausea and
vomiting after TKA.10,11
Current dosages of intrathecal bupivacaine interfere
with immediate postoperative mobilization and often leave
patients unable to mobilize for two to four hours after
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surgery, which prolongs hospital stay.3 Awad et al. found
significantly earlier recovery room discharge after TKA
with low-dose (5 mg) isobaric bupivacaine in combination
with a femoral and sciatic nerve block compared with their
standard 10-mg dosage.12
We presume it might be feasible to reduce the dosage of
bupivacaine to optimize the rehabilitation after primary
TKA.

Methods
The study was approved by the Institutional Review Board
METCZWH (HagaZiekenhuis, Den Haag, the Netherlands,
March 2016) and was registered in EudraCT (2016000082-23). All included patients gave their written
informed consent before enrolment.
Patients
All consecutive patients between April 2016 and February
2017 who qualified for unilateral primary TKA at Reinier
de Graaf Hospital (Delft, the Netherlands) were eligible for
inclusion. Inclusion criteria were: American Society of
Anesthesiologists physical status I, II, or III physical status,
sufficient command of the Dutch language, willingness to
participate, and being competent to decide.
Patients were excluded in cases of hypersensitivity to
local anesthetics or any of the other excipients of
bupivacaine and in cases with contraindications to
intrathecal anesthesia. All patients were operated on by a
single orthopedic surgeon (H.V.) and the same
anteromedial approach and prosthesis (NexGenÒ LPSHigh Flex Fixed Bearing Knee prosthesis; ZimmerÒ,
Warsaw, IN, USA) was used in all patients. A tourniquet
was not used on any of the patients during surgery.
Measurements
The primary outcome of this present study was the median
effective dose (ED) of isobaric bupivacaine in primary
TKA to allow immediate postoperative mobilization as
well as adequate anesthesia during surgery. The up-anddown method as described by Dixon and Massey was
used.13,14 This is a sequential allocation model in which
patients received a dose of isobaric bupivacaine according
to the outcome of the preceding patient. A starting dose of
the test sequence was set to 5 mg bupivacaine.
According to Gautier et al. intrathecal administration of
8 mg bupivacaine at level L3-4 will lead to a motor
blockade of 100-225 min and a sensory blockade of 90-190
min.15 Nevertheless, the mean surgery time for TKA is
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shorter; a duration (standard deviation, SD) of 83 (18) min
was described by Lozano et al.16
To determine the dose of bupivacaine adequate for most
patients, a threshold at the 95th percentile of mean surgery
time for TKA was defined from our surgery statistics. In
2015, the mean duration of primary TKA surgery was 71
min at our institution. Nevertheless, surgery times ranged
between 45 and 144 min. The 95th percentile of mean
surgery time was 101 min. According to the Summary of
Product Characteristics, the mean onset time of the sensory
blockade is 15 min. This time was added to the mean
surgery time; therefore, a threshold at 116 min after
injecting intrathecal anesthesia was used. When no sensory
blockage was reached within 15 min after administration,
the start of surgery was postponed.
An adequate dose (no pain during surgery and regaining
motor and sensory functions after 116 min) led to a
decrease of 0.5 mg bupivacaine and an inadequate dose
(pain during surgery) led to a 0.5 mg increase of
bupivacaine for the subsequent patient (Fig. 1).
To test the diminution of spinal blockade, patients
received repetitive questions and tests with ten-minute
intervals regarding sensory and motor functions from start
of surgery (Fig. 2). During surgery, the heart rate and blood
pressure were monitored to determine if the patient was in
pain; since patients received propofol infusion to induce
light sedation some were not always able to answer
questions regarding pain during surgery. No pre-defined
limits of heart rate or blood pressure were used. Changes in
one or both were judged by the anaesthesiologist and he/
she decided if the patient was in pain. Postoperatively, a
pinprick test was performed by a trained investigator at
dermatome L5 and S1 to test regained sensory functions. A
small sharp wooden stick was used to prick the skin at the
dorsum of both feet and the patient was asked if he/she
experienced this as a sharp sensation. Moreover, the
modified Bromage scale (grade 0 = no weakness; grade 1
= inability to raise extended leg; grade 2 = inability to flex
knee; grade 3= inability to move any joint in legs) was used
to test motor functions.17 If patients reached full recovery
of the motor blockade (Bromage grade 0) and full recovery
of the sensory blockade (positive pinprick test at S1
dermatome) after the threshold of 116 min after
administration of anesthesia, the dose was adequate.
The single surgeon and his assistant, the patient, and the
investigator (who performed the per- and postoperative
tests) were all blinded to the used dosage of bupivacaine.
Based on the outcome of the preceding patient, the dosage
of the subsequent patient was determined by one of the
researchers (N.M.) who only informed the anesthesiologist
of the dose to be administered.

123

J. C. Egmond et al.

Anesthesia
All patients were admitted on the day of surgery. At
admission, participants received 400 mg celecoxib, 1 g of
paracetamol, and 600 mg of gabapentin on the ward.
Furthermore, in the preoperative holding area, patients
received dexamethasone 0.15 mgkg-1 iv 18,19 as well as
antibiotic prophylaxis; 0.5% isobaric bupivacaine
(MarcaineÒ spinal 5 mgmL-1; Aspen, Gorinchem, the
Netherlands) was administered intrathecally at the L2-L3
or L3-L4 intervertebral space by an experienced
anesthesiologist. The spinal block was performed in a
dedicated block room. The patient was in a sitting position
when the bupivacaine was administered and was put in
supine position two minutes after injecting isobaric
bupivacaine. Cerebrospinal fluid was aspirated before and
after injection. Opiates were not administered to rule out
possible side effects such as nausea, vomiting, or sedation,
which might prolong the length of stay after surgery.20,21
All included patients received standard additional local
infiltration anesthesia with 300 mg ropivacaine and 3 mg
epinephrine around the knee joint during the end of
surgery, conforming to our fast-track regimen. Propofol
was continually administered for sedation and to allow a
single shot of 15 mg esketamine iv without unwanted side
effects. Esketamine was administered to prevent
postoperative pain.22,23 Propofol was given by targetcontrolled infusion (TCI), which is often used in anesthesia
to control the concentration of selected drugs in the plasma
or at the site of its effect. In our protocol, patients received
propofol 1-2 lgmL-1 set as target concentration
administered through a TCI DiprifusorTM pump
(Carefusion, Basingstoke, UK) using the Marsh model.24
If a patient showed signs of insufficient anesthesia
during surgery, he/she received general anesthesia; the
patient was then treated with propofol, remifentanil, and a
laryngeal mask.
Statistical analysis
At least six independent pairs of patients with sufficient/
insufficient anesthesia should provide reliable estimates of
median ED using the up-and-down method by Dixon and
Massey.25 A group of 20 to 30 patients was sufficient to
have six independent pairs of patients with response/no
response. Therefore, a sample size of 25 patients was
chosen for this study. Dixon and Massey’s method was
used to calculate the median ED with the 95% confidence
interval (CI).13,14 The average of the dose of the
‘‘fail/success’’ pair was chosen. The data were further
analyzed; the ED50 and ED95 were calculated by the
MASS package.26 With the BOOT package, 1,000
bootstrap resamples were generated to determine the CI
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of the ED50 and ED95.27 For statistical analysis, IBM
SPSS statistics for Windows version 21 (IBM SPSS,
Armonk, NY, USA) and R for Windows version 3.2.4
Revised (R Foundation for Statistical Computing, Vienna,
Austria) were used.

Results
Between April 2016 and February 2017, a total of 118
patients were eligible for inclusion. Twenty-five patients
were included. Thirty-five patients were excluded because
of contraindications to intrathecal anesthesia (anticoagulant
use, spinal herniation/stenosis), eight patients were
excluded for logistical reasons, five patients were
excluded because of expected prolonged surgery time
because of removal of plate osteosynthesis of previously
performed osteotomy, and 45 patients were not willing to
participate (Fig. 3).
The mean (SD) age of the included patients was 70.1
(8.8) yr old, 12 (48%) patients were female, and in 15
patients (60%) the left knee was operated on. The mean
(SD) height was 174 (9) cm [range, 158-191] and the
median [interquartile range (IQR)] body mass index (BMI)
was 29.5 [27.3 - 30.9] (Table 1).

Fig. 1 Dose determination chart based on the up-and-down method
by Dixon and Massey. Adequate = no pain during surgery, regaining
motor and sensory functions after 116 min. Inadequate = patients
were in pain during surgery

Fig. 2 Test interval time frame. Cut-off point is the predefined
threshold of 116 min after administrating intrathecal anesthesia
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Doses varied between 5.0 mg and 2.5 mg of
bupivacaine. In 11 patients the dose was inadequate and
the subsequent patient received an increased dose. Of these
11 patients, nine required additional intravenous analgesia
and four of the nine patients also required a conversion to
general anesthesia. The mean (SD) duration of sensory
blockade in the total group was 118 (45) min. The mean
(SD) motor blockade was 111 (24) min in all patients
without general anesthesia (n = 21; Table 2). In all patients
with sufficient intrathecal anesthesia during surgery, motor
function was regained prior to sensory function.
The data sequence of adequate and inadequate doses is
shown in Fig. 4. The median dose of bupivacaine resulting
in adequate analgesic blockade at the threshold of 116 min
was 3.5 mg (95% CI, 3.1 to 4.0). The ED50 and ED95
were, respectively, 3.4 (95% CI, 2.7 to 4.0) mg and 5.0
(95% CI, 3.7 to 8.0) mg.

Discussion
The goal of this dose-finding study was to determine the
median ED of intrathecal bupivacaine that preserved
adequate anesthesia during surgery. The outcome of this
study might validate adjustments to the current anesthesia
protocols, which might further optimize fast-track
protocols.
The median ED in our study was 3.5 (95% CI, 3.1 to
4.0) mg bupivacaine, which is much less compared with
the amount normally given in our hospital (6-8 mg) and the
amounts of bupivacaine used in many previous studies. For
example, the recent study of Harsten et al., which
compared general anesthesia with spinal anesthesia for
TKA, 15 mg bupivacaine was administered.28 This study
showed an overall favourable outcome for general
anesthesia; however, no optimal dose of bupivacaine was
used. Lowering the dosage could change the immediate
postoperative outcomes in favour of spinal anesthesia.29
In the study of Awad et al. patients were randomized to
5 mg or 10 mg intrathecal bupivacaine in combination with
a femoral and sciatic nerve block, and they found earlier
postanesthesia care unit discharge and fewer voiding
problems in the 5-mg group. In our study, voiding was
not examined; therefore, no urine retention tests were
presented. Based on the findings of Awad et al., lower
doses of bupivacaine reduce the risk of urine retention.
This needs to be examined in new studies.12
The results of our study are consistent with the recent
study by Mathijssen et al. (unpublished data), which
examined the median effective dose of bupivacaine in total
hip arthroplasty (THA). In this study a median dose of 5.7
mg (95% CI 5.2 to 6.1) bupivacaine was sufficient for
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Eligible for inclusion
(n=118)
Excluded
(n=93)
- not willing to participate (n=45)
- medical reason (n=35)
- logistic reason (n=8)
- expected prolonged surgery (n=5)
Included
(n=25)
Fig. 3 Flowchart of patients

adequate anesthesia during primary unilateral THA surgery
and allowed immediate postoperative mobilization.
No dose adjustments were made for bodyweight or
height since no hard evidence has been found that this
influences spinal anesthesia outcomes. One study has
described that the duration of spinal blockade in obese
patients appears to be prolonged.30 Even though our patient
group contained a wide variation of BMIs, we presume this
had no influence on our outcomes. Moreover, of the 11
patients in whom the dosage was insufficient and the four
patients who needed general anesthesia, the mean BMI was
equal to that of the sufficient group (however, these
numbers are small).
No dose adjustments were made for age, although age
might affect motor blockade duration in which older
patients requires less bupivacaine.31 Since the mean age of
our study population was not extensively spread and
representative for the national age for TKA as found by the

Dutch arthroplasty register, no subdivision based on age
was made and the outcome was analyzed as one group.32
The predefined dose of bupivacaine was not diluted to
maintain baricity. Various studies have shown that dosage
is a more important factor than volume and concentration
of local anesthetics when administered intrathecally and
volume does not influence the maximal spread or sensory
or motor blockade.33,34
There are some limitations of this study that need to be
addressed.
First, we did not determine the exact moment of
recurring motor and sensory functions. As practiced by
other studies, a ten-minute interval for testing pinprick
sensation is adequate to assess regained sensory
functions.35,36 Bhat et al. have shown that a ten-minute
interval for the assessment of motor functions with the
Bromage scale can be used.37
Second, the results of this study can only be used for
primary unilateral TKA, since the dosage is determined on
a threshold of the 95th percentile surgery time of primary
unilateral TKA in a large teaching hospital. In complicated
cases, revisions, or bilateral TKA, dose adjustments may be
necessary.
Third, a substantial number of patients were excluded or
refused to participate in this study (Fig. 3). Patients refused
to contribute for various reasons, mostly because of fear of
pain during surgery. A significant number of patients were
excluded from intrathecal anesthesia because of
anticoagulant medication, which was an exclusion
criterion in this study. Although a substantial number of
the eligible patients were excluded, we expected no bias
since we included a representative patient group.
Fourth, no postoperative pain scores were reported.
Moreover, no time to first postoperative mobilization was
registered. Therefore, the clinical implications of our study
are somewhat uncertain. Now that we have presented that

Table 1 Patient characteristics
n = 25
Age, yr

70.1 (8.8)

Gender, female

12 (48%)

Side, left

15 (60%)

Length, cm

174 (9)

BMI kgm-2 [median]
ASA I

29.5
4 (16%)

II

17 (68%)

III

4 (16%)

25th-75th percentile

Range
52-85

158-191
27.3-30.9

23.2-39.2

All values are presented as mean (standard deviation) or as n (%). BMI was not normally distributed; therefore, the 25th and 75th percentiles are
presented
ASA = American Society of Anesthesiologists; BMI = body mass index

123

Optimal dose of intrathecal bupivacaine in TKA

1009

Table 2 Mean duration of blockade (minutes)

Motor blockade
Sensory blockade

Total

Without additional anesthesia

111 (24)

115 (17)

(n = 21)

(n = 16)

118 (45)

141 (25)

(n = 25)

(n = 16)

All values are mean (standard deviation)
Missing cases: no further motor blockade tests were performed after general anesthesia

Fig. 4 Graphic of bupivacaine dosage during the study; each rhomb equals a patient. Green rhomb = adequate dosage; red rhomb = inadequate
dosage

lower dosages of bupivacaine are feasible, further studies
are needed to determine the clinical effects on time to
postoperative mobilization, incidence of urine retention,
pain scores, and length of hospital stay. This is particularly
true in teaching hospitals, where the duration of surgery
can be highly variable.
Finally, no direct estimation of the ED95 can be made
using the up-and-down method of Dixon and Massey.
Therefore, the ED95 was calculated rather than directly
observed.
In conclusion, the current dose of 10 mg of bupivacaine
in primary TKA can be reduced. Using a lower dose of
intrathecal isobaric bupivacaine is feasible in primary,
well-planned unilateral TKA in conjunction with a
preoperative multimodal analgesic regimen and
perioperative sedation using propofol. For patients who
are not good candidates for propofol, the intraoperative

course might be quite different. The lower dosage of
bupivacaine provided sufficient anesthesia in many
patients, but the procedures had to be well planned
regarding logistics and time management. In this small
study with tight control over operative duration, the median
effective dosage of intrathecal isobaric bupivacaine for
primary unilateral TKA was 3.5 mg (95% CI, 3.1 to 4.0);
the calculated ED95 was 5 mg (95% CI, 3.7 to 8.0).
The results of this present study might lead to the
justification of lower doses of bupivacaine for intrathecal
anesthesia in primary TKA. Consequently, the fast-track
program can be further optimized.
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