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Background: Transversus abdominis plane (TAP) blocks using liposomal bupivacaine can
reduce postoperative pain and opioid consumption after surgery. The impact of timing of
administration of such blocks has not been determined.

Materials and Methods: A retrospective cohort study of all adult patients that underwent
colorectal procedures between January 2013 and October 2015 and received TAP blocks
with liposomal bupivacaine at our institution was conducted. The primary outcomes were
postoperative pain scores and opioid consumption. Secondary outcomes included postopera-
tive use of non-opioid analgesics as well as total hospital cost of admission and postoperative
hospital length of stay.

Results: A total of 287 patients were identified and included in the analysis. A total of 71
patients received blocks prior to induction of general anesthesia (pre-ind), 85 patients
received blocks after induction of general anesthesia but prior to surgical incision (post-
ind) and 131 patients received blocks after completion of surgery (post-op). No significant
differences were observed in the postoperative pain scores (either in the first 4 hours or for
the entire duration of hospital stay) or opioid consumption between the pre-ind and the post-
ind groups. More ketorolac was used in the post-op group compared to the pre-ind group
(or=3.36, 95% CI (1.08, 10.43); p=0.03).

Conclusion: Our findings suggest that there seems to be no difference if tap blocks with
liposomal bupivacaine are performed before or after induction of anesthesia. Patient pre-
ference as well as operating room efficiency should be considered when deciding on the
timing of these blocks.

Keywords: timing of transversus abdominis plane block, liposomal bupivacaine,
postoperative pain, postoperative opioid consumption

Introduction

Systemic opioids are often used to manage pain after colorectal surgical procedures.
This opioid use is often associated with adverse effects ranging from nausea,
vomiting, constipation and ileus to respiratory depression.' Since return of bowel
function is an important determinant of postoperative recovery for patients under-
going colorectal surgery, postoperative ileus as a result of opioid administration
might prolong recovery, increase hospital length of stay and affect overall
morbidity.” Opioid-related ileus is often dose dependent, and a decrease in overall
dose of opioids may translate into clinically significant improvements in outcomes.
Furthermore, the reduction in opioid consumption during hospitalization may pre-
vent continued use of prescription opioids after discharge from the hospital and
eventual development of chronic opioid use.>*
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To decrease postoperative opioid consumption and
improve pain management in patients undergoing abdom-
inal surgeries, transversus abdominis plane (TAP) blocks
were introduced in 2001° and have been shown to be
effective in reducing postoperative opioid consumption
and postoperative hospital length of stay.®’ The recent
introduction of liposomal bupivacaine (LB) which pro-
vides a 9.8-fold increase in terminal half-life compared
with standard bupivacaine can extend the duration of
pain relief® and has been shown to reduce postoperative
opioid consumption in patients undergoing colorectal
surgery.” However, little is known about the timing of
TAP block administration with LB and its impact on post-
operative pain control. Since LB has a slow onset of
action, the timing of administration may be important.'’
While administration of the block prior to induction of
anesthesia can potentially reduce opioid requirements, pro-
vide better pain control in the immediate postoperative
period and improve operating room (OR) efficiency, it
can cause significant patient discomfort. The aim of this
study was to explore the relationship between timing of
performance of TAP block with administration of LB prior
to induction of general anesthesia, versus after induction
of general anesthesia but prior to surgical incision, and
after completion of surgery in patients undergoing open
and minimally invasive colorectal surgery. We hypothe-
sized that patients receiving TAP blocks with LB prior to
induction of general anesthesia would have better post-
operative pain control and require less opioid administra-
tion during the postoperative period.

Materials and Methods

Patient Selection

The study was approved by the Penn State Health Milton
S. Hershey Medical Center Review Board (Study no.
00003230), and a waiver of informed consent was granted
because of the retrospective nature of the study. Patient
data confidentiality was maintained in accordance with the
Declaration of Helsinki. We included all adult patients
undergoing colorectal procedures under general anesthesia
between January 2013 and October 2015, who received
a TAP block with LB. We excluded patients with docu-
mented allergy to local anesthetics. Patient data was
abstracted from a prospectively maintained registry by
the Department of Anesthesiology and then cross-
referenced with an institutional database maintained by
the Division of Colon and Rectal surgery. Patient

demographics, procedure-related details, patient reported
pain scores, opioid requirements after surgery and other
measures of postoperative pain control were obtained from
electronic medical records. Based on the timing of TAP
blocks, three patient groups were identified, those that
received TAP blocks prior to induction of general anesthe-
sia (Pre-Ind), after induction of general anesthesia but
prior to surgical incision (Post-Ind), and after completion
of surgery (Post-Op).

TAP Block

TAP blocks were performed by, or under the supervision
of attending anesthesiologists who were part of acute pain
management and regional anesthesia team and had signifi-
cant experience in performing the blocks. Pre-Induction
TAP blocks were performed in the block room prior to
transport of patients to the OR. Post-Induction TAP blocks
were performed in the OR after induction of general
anesthesia and administration of muscle relaxant. Our
standard practice during the study period was to perform
TAP blocks using the lateral approach, and all patients in
the study received bilateral TAP blocks using the lateral
approach. Upon identification of the TAP, a 100-mm 22-
gauge needle was inserted and advanced under real-time
ultrasound guidance, and entry into the plane was con-
firmed with hydro-dissection. In patients in whom the
blocks were performed prior to induction of anesthesia,
2 mL of 2% lidocaine was used to create a skin wheal at
each entry point. All patients received 10 mL of LB
diluted with 10 mL of saline (a total of 20 mL)
(EXPAREL; Pacira Pharmaceuticals, Inc, Parsippany,
NIJ), as well as 5 mL of 0.25% conventional bupivacaine
on each side. No patients undergoing TAP block received
either epidural or spinal anesthesia and no restrictions
were placed on subsequent opioid ordering or use.
Nonsteroidal anti-inflammatory drugs (eg, ketorolac or
ibuprofen) and acetaminophen were ordered on an as-
needed basis for pain every 6 hours, with a limit of 5 days.

Outcomes

The primary outcome of this study was to compare post-
operative patient-reported pain scores and total postopera-
tive opioid consumption between the three groups. Pain
scores were measured according to a standardized 11-point
numeric rating scale.'' The first reported score, denoted by
“0 hours,” reflects the median maximum pain score
reported by the patient in the post-anesthesia care unit
(PACU) and subsequent timing of scores was based on
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the time of discharge from the PACU. Nursing staff, who
were blinded to the timing of the TAP block, performed
the pain assessments approximately every 4 hours for the
entire duration of the hospitalization. Postoperative med-
ian maximum pain scores at each 4-hour interval up to 72
hours after surgery were included in this analysis. Doses of
analgesic medications were summed for the duration of the
index hospitalization. Intravenous and oral opioids were
converted into equivalent doses of morphine for compar-
ison across all of the patients. Secondary outcomes
included, postoperative use of non-opioid analgesics (acet-
aminophen, ketorolac and ibuprofen), postoperative length
of stay and total hospital cost for the admission.
Postoperative length of stay was defined from the day of
surgery to the day of discharge from the hospital. Hospital
costs were obtained from the institution’s cost-accounting
database, which estimates cost using a ratio of the cost:
charges method, and were adjusted to year 2015 dollars
using the medical care of component of the consumer
price index.

Statistical Analysis

Statistical analysis was performed to compare all out-
comes across the three groups. Chi-square tests, Kruskal
Wallis tests, and analysis of variance (ANOVA) were used
to assess any differences between the study groups with
respect to demographics and operative data (Table 1).
Group comparisons, not listed in Table 1, were performed
using pairwise two-sample t-tests for ANOVA adjusted for
multiple comparisons using Tukey’s method or pairwise
Wilcoxon Rank Sum tests for the Kruskal Wallis tests
adjusted for multiple comparisons using the Bonferroni
correction. Quantile regression of the median was used to
compare postoperative pain scores between the three study
groups, while adjusting for possible confounders like sur-
gery duration, surgical approach and intraoperative opioid
use. Opioid use, acetaminophen use, length of stay, and
total cost were compared using the same quantile regres-
sion of the median but only adjusting for surgery duration
and approach (Table 2). Since only a subset of patients in
all three TAP block study groups received ketorolac and
ibuprofen, a subgroup analyses was performed for these
medications using logistic regression while adjusting for
surgery duration and approach (Table 2). Group compar-
isons for quantile regression and for logistic regression
were adjusted for multiple comparisons using the
Bonferroni correction. All statistical analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, NC).

Results

Patient Demographics

In total, 287 patients were identified and included in the
analysis, of which 71 patients belonged to the Pre-Ind
group, 85 and 131 patients were part of the Post-Ind and
Post-Op groups, respectively. The three study groups did not
differ significantly with regard to age, sex, race/ethnicity,
(BMI), Society of
Anesthesiology physical status (ASAPS) classification, and

body mass index American
distribution of underlying diseases (Table 1). Similar propor-
tions of patients underwent non-elective procedures, defined
as those admitted to the hospital prior to the day of surgery.
With regards to the types of procedures, the majority in each
cohort were partial colectomies or proctectomies, followed
by stoma-related procedures and total abdominal colectomies
or proctocolectomies. The distribution of types of procedures
did not differ significantly between groups (p=0.25), nor did
the proportion of patients undergoing ileostomy or colostomy
creation (Table 1). The duration of surgery and surgical
approach (open vs laparoscopic/robotic) were significantly
different between the three TAP timing groups (p=0.02 and
p=0.01, respectively) and thus they were included as
a covariate in all statistical analyses. The Post-Op group
had a higher incidence of open surgery than the pre-
induction and post-induction group (29.3% vs 11.8% and
13.9%, respectively). The median time difference between
the performance of block and surgical incision in the Pre-Ind
and the Post-Ind group was significantly different (77.5 min-
utes vs 35.5 minutes, respectively, p<0.001).

Pain Scores

The median pain scores in the first 4 hours after surgery
were comparable between the pre-induction and post-
induction groups (0.78 vs 1.03, p=1.0), but patients in
the postoperative group had significantly higher median
pain scores in the first 4 hours as compared to the patients
in the pre and post-induction groups. (0.78 vs 5.93 and
1.03 vs 5.93, respectively, p<0.001). Postoperative pain
scores were not significantly different among the three
groups for the remainder of the postoperative stay leading
up to 72 hours and the three groups converged to have
similar pain scores after the first 4-hour interval (Figure 1).

Analgesic Requirements, Postoperative
Length of Stay and Costs

The cumulative intravenous and oral opioid use as well as
total acetaminophen consumption were not significantly
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Table | Demographic and Operative Data by Groups

Total Pre-Induction Post-Induction Post-Operative P-value
N=287 N=71 N=85 N=131
Age (years), mean + SD 54.1 £ 175 534 £ 167 539+ 172 54.6 + 18.1 0.89
Sex, n (%) 0.68
Male 139 (48.4) 32 (45.1) 40 (47.1) 67 (51.2)
Female 148 (51.6) 39 (54.9) 45 (52.9) 64 (48.8)
Race, n (%) 0.21
White 269 (94.4) 69 (98.6) 76 (90.5) 124 (94.7)
Black 4 (1.4) 1 (1.4) 2 (24) | (0.8)
Other 12 (4.2) 0 (0.0 6 (7.1) 6 (4.5)
BMI, mean + SD 28.1 £7.0 273 %70 274 £ 6.6 288 £7.2 0.28
Case Type, n (%) 0.34
Elective 265 (92.3) 68 (23.7) 79 (27.5) 118 (41.1)
Nonelective 22 (7.7) 3 (1.0) 6 (2.0 13 (4.5)
ASA classification, n (%)
| 2 (0.7) 1 (0.35) 0 (0.0) | (0.35) 0.87
I 114 (39.7) 26 (9.1) 37 (12.9) 51 (17.7)
n 164 (57.1) 43 (14.9) 45 (15.7) 76 (26.5)
v 7 (24) 1 (0.40) 3 (1.0) 3(1.0)
Disease type, n (%) 0.31
Colorectal cancer 90 (31.5) 24 (8.4) 27 (94) 39 (13.6)
Ulcerative colitis 34 (11.9) 9 (3.2) 932 16 (5.6)
Crohn’s disease 53 (18.5) 14 (4.9) 21 (7.3) 18 (6.3)
Diverticulitis 66 (23.1) 13 (4.6) 14 (4.9) 39 (13.6)
Colonic inertia 4(1.4) 0 (0.0 1 (0.3) 3 (1.0)
FAP 3(1.1) 2 (0.7) 1 (0.3) 0 (0.0)
Other 36 (12.6) 932 I (3.9) 16 (5.6)
Surgical approach, n (%) 0.02
Open 158 (55.1) 34 (11.8) 40 (13.9) 84 (29.3)
Laparoscopic/Robotic 129 (44.9) 37 (12.9) 45 (15.7) 47 (16.4)
Surgical duration (hours), median (IQR) | 2.72 (2.05) 2.27 (1.95) 2.55 (2.28) 3.12 (2.0) 0.01
Type of surgery, n (%) 0.25
Segmental colectomy or 173 (60.3) 41 (14.3) 56 (19.5) 76 (26.5)
proctectomy
Stoma creation/reversal 52 (18.1) 16 (5.6) 8 (2.8) 28 (9.8)
Total abdominal/proctocolectomy 19 (6.6) 2 (0.7) 9 (3.1 8 (2.8)
Abdominoperineal resection 6 (2.1) 1 (0.4) 1 (0.4) 4 (1.4)
IPAA 7 (2.4) 3 (1.0 0 (0.0 4 (1.4)
Exploratory surgery 27 (94) 7 (24) 10 (3.5) 10 (3.5)
Other 3(1.1) 1 (0.4) 1 (0.4) | (0.4)
Stoma creation, n (%) 0.19
None 171 (59.6) 50 (17.4) 52 (18.1) 69 (24.0)
lleostomy 88 (30.7) 16 (5.6) 25 (8.7) 47 (16.4)
Colostomy 28 (9.7) 5(1.7) 8 (2.8) 15 (5.2)

Notes: Mean * Standard Deviation with Analysis of Variance for group comparisons, Median (IQR) with Kruskal Wallis test for group comparisons, or N (%) with Chi-

square test for group comparisons.

Abbreviations: SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists; FAP, familial adenomatous polyposis; IPAA, ileal-pouch anal

anastomosis; IQR, inter-quartile range.
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Table 2 Comparison of Postoperative Outcomes Between the Study Groups

Outcome Pre-Ind (N=71) Post-Ind (N=85) Post-Op (N=131) Pre-Ind Pre-Ind Post-Ind
vs Post- vs Post- vs Post-
Ind Op Op

Median (95% CI) Median (95% CI) Median (95% CI) P-value P-value P-value

Cumulative IV opioids® 36.78 (30.97, 42.59) 32.29 (27.30, 37.28) 34.35 (29.38, 39.33) 0.52 1.0 1.0

Cumulative PO opioids® | 18.63 (1.79, 35.48) 10.97 (—0.93, 22.85) 5.83 (—12.79, 14.25) 1.0 0.26 1.0

Acetaminophen 3851.1 (2419.9, 5282.4) | 4420.9 (3498.2, 5343.8) | 3444.5 (1902.7, 4986.2) | 1.0 1.0 0.66

Ketorolac 6 (8.5%) 16 (18.8%) 31 (23.7%) 0.374 0.037 0.736

Ibuprofen Il (15.5%) 13 (15.3%) I5 (11.5%) 1.0 1.0 1.0

Total cost, mean (SD), $ 16,078 (14,255, 17,901) | 15,601 (14,345, 16,857) | 15,884 (14,556, 17,212) | 1.0 1.0 1.0

Postoperative length of | 4.15 (3.55, 4.76) 3.99 (3.38, 4.60) 4.17 (3.63, 4.71) 1.0 1.0 1.0

stay, mean (SD), d

Notes: Median estimates and p-values from a quantile regression model that was adjusted for surgery duration and surgery approach. Ketorolac & Ibuprofen use lists N (%)
and p-values from a logistic regression model that was adjusted for surgery duration and surgery approach. *Data show IV opioids converted to morphine equivalents, in

milligrams. ®Data show PO opioids converted to morphine equivalents, in milligrams.

Abbreviations: |V, intravenous; PO, oral.

different between the three groups (Table 2 and Figure 2).
The median postoperative length of stay and median total
cost for the index hospitalization also did not differ
between the study groups (Table 2). However, ketorolac
use was significantly higher in the Post-Op group. (OR=
3.36, 95% CI (1.08, 10.43); p=0.03).

Discussion
In this retrospective analysis of patients that underwent
laparoscopic or open colorectal surgery and received TAP
blocks with LB, we found that there was no difference in
patient self-reported pain scores or cumulative postopera-
tive oral and intravenous opioid consumption amongst
those that received the blocks before or after induction of
general anesthesia. Patients who received TAP blocks at
the end of surgery, however, had higher pain scores in the
immediate postoperative period as compared to those in
whom they were performed prior to the start of surgery.
Our findings suggest that TAP blocks with LB should be
performed prior to the end of surgery but can be performed
either before or after induction of general anesthesia.
Postoperative pain after colorectal surgery poses chal-
lenges for both the anesthesia and surgical teams and
merits a comprehensive multimodal pain management
strategy. TAP blocks have been used with good results in

12714 and are

patients undergoing abdominal surgeries
increasingly being used as part of the early recovery
after surgery (ERAS) protocols with significant opioid-
sparing effect.'> One of the biggest limitations of TAP
blocks is the short duration of pain relief that is provided

with the use of conventional local anesthetics. The use of

continuous infusions via indwelling catheters can over-
come this limitation but poses the added risk of infection
as well as requiring specialized infusion pumps and mon-
itoring. The recent approval of the use of LB in TAP
blocks provides the flexibility of providing long-duration
effect with a single injection. However, the timing of TAP
blocks with LB is often debated amongst the providers.
There are several different approaches for administer-
ing ultrasound-guided TAP block. These include the lateral
approach, covering nerves T10-12, providing lower
abdominal wall analgesia, from the midline to the midcla-
vicular line. The posterior approach, covering T9-12, pro-
viding analgesia at the anterior abdominal and lateral wall,
and finally the subcostal approach, covering T6-9, provid-
ing analgesia at the upper abdomen. When comparing
analgesic effects of TAP blocks, a meta-analysis showed
that posterior approach appeared to produce longer-lasting
analgesia compared to the lateral approach.'® In our study,
we performed bilateral TAP blocks using the lateral
approach which was the standard practice at our institu-
tion. Since most of the colorectal procedures involve
a lower abdominal incision, this approach was adopted
after discussions between the colorectal surgeons and the
acute pain management and regional anesthesia team.
Surgeon-performed TAP blocks under direct visualization
are also a viable option, and are increasingly being used.
Thus far, there is limited evidence suggesting that such
surgeon-performed TAP blocks are better than ultrasound-
guided TAP blocks for patients undergoing colorectal
surgery.'” Although it is unlikely, that surgeon-performed
TAP blocks would have changed our results, a randomized

Local and Regional Anesthesia 2020:13
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Pain score over time by study group
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Figure | Pain scores over time in the study groups.
Abbreviation: Cl, confidence intervals.

control trial comparing the two techniques in an appropri-
ate sample of patients would be ideal.

In our analysis, we observed no difference with respect
to postoperative pain control and opioid consumption
between patients who received a TAP block prior to induc-
tion of anesthesia or after induction of anesthesia. There
was a significant time difference between the performance
of the block and surgical incision between these two
groups, indicating appropriate separation within the
groups. In order to avoid the effect of confounding vari-
ables such as duration of surgery, intraoperative opioid use
and open vs laparoscopic surgery, we adjusted the out-
comes for these variables. This is an important finding,
since the performance of regional anesthesia blocks in
awake patients versus those under general anesthesia has
been a matter of debate, with no demonstratable benefit of
either.'® While it is true that OR is the second most

expensive part of surgical care' and each minute of OR

time can cost about $36 to $37,%° the OR time should be
utilized judiciously. On the other hand, patient discomfort
and the challenges of safe administration of regional
blocks outside the OR, including the need for appropriate
physical space, hemodynamic monitoring and nursing care
should be factored into decision-making as well. We also
did not find any difference in the total cost of hospitaliza-
tion between these two groups, thus highlighting that the
timing of TAP block administration can be tailored to
patient needs and institutional logistics without affecting
outcomes or costs.

The other major finding in our study is the reporting of
higher pain scores in the immediate postoperative period
by patients that received the TAP blocks at the conclusion
of surgery versus those that received them prior to the
surgical incision. This is consistent with prior reports of
pre-incisional performance of TAP blocks being associated
with reduced severity of acute

pain, analgesic
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Medications by study group
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Figure 2 Consumption of opioids and acetaminophen between the study groups.
Abbreviations: Cl, confidence intervals; PO, per oral; IV, intravenous.

requirements and incidence of chronic pain as compared to
blockade at the end of surgery.?! Preoperative administra-
tion of TAP block aligns with the clinical concept of
preemptive analgesia, a strategy that involves introduction
of analgesia before the introduction of noxious stimuli
with the goal of preventing sensitization of the nervous
system to subsequent stimuli that could amplify pain.*
Furthermore, for patients undergoing colorectal surgery,
where there is potential for stoma creation, TAP block
administration prior to surgery decreases the changes of
accidental puncture of the exteriorized hollow viscous
organ and contamination of the block site. Often times,
there is a push by the surgical team to perform TAP blocks
at the end of surgery to increase OR efficiency and also the
decision on TAP blocks is delayed until the start of sur-
gery. Our results and the published literature clearly indi-
cate that the administration of pre-incision TAP blocks
provide the best possible pain relief especially in the

immediate postoperative period and may help decrease
the time spent in PACU.

We did not observe any difference in the cumulative
postoperative oral and intravenous opioid use or total
acetaminophen consumption between the three groups
but observed that patients in the Post-Op group required
more ketorolac. Since the administration of opioids as well
as adjunct pain medications was not guided by a standard
protocol, variation in prescriber practices could partly
account for these discordant findings. While studies have
reported decrease in postoperative opioid consumption in
patients who received preoperative versus postoperative
TAP blocks, they did not use LB which tends to have
a longer duration of action and could explain our results.
We also found no significant differences with regards to
length of stay between the three groups.

Our study has limitations. This was a single-center

retrospective analysis at a tertiary care academic
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institution. Additionally, the performance of TAP blocks as
well as surgical approach was not standardized. This type
of variability is, however, not uncommon in large aca-
demic institutions. Although the three study groups were
similar with respect to demographic data, a study with
a matched numerical distribution of patients among the
three groups would have been ideal. Operative data such
as surgical approach (open vs laparoscopic/robotic) and
median surgery duration were also significantly different
among the groups. To limit their confounding effects, they
were included in all analyses as covariates. The adminis-
tration of intraoperative and postoperative narcotics,
intraoperative steroids as well as adjunct pain medicines
was based on provider preferences and might have
affected the outcomes. Additionally, we did not exclude
patients with pre-existing kidney disease, which would
have affected the administration of NSAIDs and we also
did not account for pre-operative opioid use, which could
have impacted postoperative pain management. Lastly,
when comparing hospital costs between our study groups,
a time-driven activity-based costing analysis would have
strengthened the analysis.”> However, this approach is still
in its nascent stages with regards to anesthesia procedures
and frankly we are limited in our resources to conduct
such analysis.

Conclusion

In this single-center retrospective analysis of patients who
received TAP blocks with LB for colorectal surgery, we
found that there was no difference in patient-reported pain
scores, opioid consumption or total hospitalization costs in
patients that received these blocks before or after induction
of anesthesia. Also, pre-incisional TAP blocks were asso-
ciated with significantly lower patient reported pain scores
in the immediate postoperative period. These findings
suggest that there is definitive utility in performing TAP
blocks with LB prior to the end of surgery, however, there
seems to be no difference if they are performed before or
after induction of anesthesia. Factors such as patient pre-
ference, anesthesia provider skills, operating room effi-
ciency, and space for block administration can be used to
determine the optimal pre-operative time for TAP block
performance without affecting postoperative pain control
or hospital costs.
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