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Abstract UNIVERSITY PRESS

Background: Breast reconstruction with abdominally based free flaps can be associated with more significant acute pain and longer hospital
stays than implant-based techniques. As new pain management strategies are developed, there have not been any studies conducted to an-
alyze the analgesic effects of intrathecal morphine (ITM) for patients undergoing abdominally based free flap reconstruction.

Objectives: The primary outcome analyzed in this retrospective study was opioid consumption, which was measured from the postoperative
anesthesia care unit (PACU) through postoperative day (POD) 2. Secondary outcomes of the study analyzed included factors such as pain
scores, hospital length of stay (LOS), and adverse effects.

Methods: Fifty-one patients presented for breast reconstruction with abdominally based free flaps and received ITM for postoperative analge-
sia. Results obtained were compared with a cohort that included an equal number of patients who received paravertebral nerve blocks (PVBs).
Results: Results showed that patients who received ITM displayed a lower median consumption in the PACU (0O mg vs 12.5 mg MEQ; P =.009),
from PACU to POD 1 (0 mg vs 7.5 mg MEQ; P =.046), and POD 1to POD 2 (7.5 mg vs 30 mg MEQ; P=.002) when compared with those who
received PVBs. Those who received ITM also had lower median pain scores in the PACU and from PACU to POD 1and a decreased LOS. There
were similar rates of adverse events.

Conclusions: ITM improves postoperative analgesia after abdominally based free flaps when compared to PVBs and may facilitate recovery
and earlier discharge.

Level of Evidence: 3 (Therapeutic)
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studied peripheral nerve blocks include transversus abdominis plane
(TAP) blocks (for the donor site) and PVBs (for both recipient and do-
nor sites). However, results are conflicting if peripheral nerve blocks
result in reduced postoperative pain and LOS.5® Because coverage
of the requisite thoracic and abdominal surgical sites may be chal-
lenging with peripheral nerve blocks and epidural analgesia, a single
injection of preoperative intrathecal morphine (ITM) has the potential
to cover both sites and improve postoperative analgesia.

To date, there have not been any studies conducted to analyze the
analgesic effects of implementing intrathecal morphine in abdominal-
ly based free flap breast reconstruction patients. At our institution,
these patients were historically offered PVBs for postoperative anal-
gesia before the initiation of ITM. This retrospective cohort study
serves to further investigate the analgesic effects of ITM for this sur-
gical population through a comparison with a cohort that received
PVBs. In doing so, the study highlights a potential alternative to
PVBs for those undergoing this particular surgery.

METHODS

The University of California San Diego Institutional Review Board
(protocol #200392) confirmed approval for this retrospective study.
In addition, informed consent for the study was waived, given its ret-
rospective nature. However, informed consent was obtained preop-
eratively for each intervention.

Between October 2022 and August 2023, 52 consecutive patients
presented for breast reconstruction with an abdominally based free
flap and were provided with the option of ITM as their form of postop-
erative analgesia preoperatively. No exclusion criteria were utilized.
One patient’s surgery was aborted after induction of anesthesia due
to bronchospasm.

After informed consent for each intervention was obtained, patients
were placed in the sitting position with accompanying standard mon-
itors applied. Then, their lower lumbar region was prepared with 10%
povidone-iodine solution and draped under sterile procedure. Skin
penetration was performed with 1% lidocaine, and a 25-gauge
Whitacre spinal needle (Becton Dickinson, Franklin Lakes, NJ) was
used to proceed into the intrathecal space between the second and
fifth lumbar vertebrae. Once confirmation of cerebrospinal fluid was
made, 200 to 300 pg of preservative-free morphine was injected (43
patients received 300 pg, 7 patients received 250 pg, and 2 patients
received 200 pg). Dosage was based on age, comorbidities, perceived
sensitivity to analgesics, and expected degree of postoperative pain.

After the injection, patients were given general anesthesia in the
operating room, and they were examined by our acute pain service
to support pain management. All patients were administered a post-
operative multimodal analgesia consisting of acetaminophen, opi-
oids, gabapentinoids, and nonsteroidal anti-inflammatory drugs
based on their age and comorbidities. ITM patients received postop-
erative respiratory monitoring consistent with the American Society
of Anesthesiologists (ASA) guidelines.”

The historical comparison group included an equal number of 51
consecutive patients who presented for abdominally based free
flap breast reconstruction between May 2021 and September 2022
and received preoperative PVBs, and similarly no exclusion criteria
were used.

For the PVB group, blocks were performed similarly to previously
described studies.®® Target paravertebral spaces for the chest
were T2, T3, or T4, and target spaces for the abdominal donor site
were T8, T9, or T10. For the recipient upper chest site, 34 of the 51
patients received paravertebral catheters (with the other 17 receiving
single injections only), of which 6 were removed on postoperative

day (POD) 1, 21 on POD 2, and 7 on POD 3. Paravertebral nerve cath-
eter infusions consisted of 0.2% ropivacaine at 8 mL/hour with
patient-controlled boluses of 4 mL every 30 to 60 minutes depend-
ing on whether surgery was unilateral or bilateral. The abdominal do-
nor sites were exclusively administered single-shot injections in 36 of
the 51 patients. No paravertebral catheters were placed for the ab-
dominal donor sites.

The primary outcome consisted of opioid consumption measured in
oral morphine equivalents (MEQ) during the patient’s time from the post-
operative anesthesia care unit (PACU) until the morning of POD 2 in the
2 groups. Secondary outcomes included pain scores as expressed in a
numeric rating scale (NRS; 0-10), LOS, and adverse events.

Statistical analysis was performed, comparing median values for
each outcome with the Mann-Whitney test. Patient baseline charac-
teristics were compared with independent ¢t tests or chi-squared
tests, as appropriate. The primary outcome was further evaluated
with multivariate regression. Regression analysis examined postop-
erative opioid consumption as a function of analgesia type (ITM vs
PVB), controlling for age, BMI, smoking status (former, current, never),
diabetes diagnosis, surgery type, intraoperative opioid dose, pres-
ence of postoperative complications, and total pain score.
Backward selection was applied with an inclusion threshold of 0.2
and o of .05. Analyses were conducted with R (R Core Team, 2024).°

A post hoc power analysis was conducted to evaluate the statisti-
cal power of the study. With an observed effect size of Cohen’s d of
—0.5, atotal sample size of 102 (51 per group), and a significance level
of a=.05, power was estimated with GPower 3.1." The analysis as-
sessed the probability of detecting a true medium effect size within
the study sample.

RESULTS

Fifty-two patients presented for abdominally based flap breast recon-
struction and were offered ITM as their form of postoperative analge-
sia. One ITM patient experienced suspected bronchospasm after
induction of general anesthesia, and the surgery was postponed
and therefore was excluded from the final analysis. Table 1 highlights
patient demographics and surgical characteristics of both groups.
There were no statistically significant differences in baseline demo-
graphic characteristics (age, BMI, ASA classification, diabetes diagno-
sis, smoking status, or preoperative opioid use) between patients who
received ITM vs PVB (P> .05). All patients were female (52 in both
groups). Ages ranged from 32 to 67 in the ITM group (average 51)
and 31to 71in the PVB group (average 50).

With respect to the primary outcome, the patients who received
ITM displayed a lower median opioid consumption in the PACU
(0 mg vs 12.5 mg MEQ; P =.009), from PACU to morning of POD 1
(0 mg vs 7.5 mg MEQ; P =.046), and morning of POD 1 to morning
of POD 2 (7.5 mg vs 30 mg MEQ; P =.002) than those who received
PVBs. For secondary outcomes, the patients who received ITM also
displayed lower median pain scores in the PACU (0 vs 2; P =.015) and
PACU to morning of POD 1(0.5 vs 3; P =.001). Both groups had similar
pain scores from the morning of POD 1to POD 2 (3 for ITM group vs 4
for PVB group; P =.09). Figures 1and 2 show the distributions of opi-
oid consumption and pain scores in the 2 groups. Table 2 summariz-
es the primary and secondary outcomes of the 2 groups. The range
of follow-up was 1to 3 days for the ITM group (average 1.5 days) and 1
to 6 days for the PVB group (average 2.3 days).

Interestingly, 11 of the 51 ITM patients (22%) required no opioids
postoperatively compared to 3 of the 51 PVB patients (6%). Six of
the ITM patients (12%) did not require an opioid prescription at the
time of discharge, compared to 2 of the PVB patients (4%). Patient
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Figure 1. Median opioid consumption in oral morphine equivalents for the postop-
erative time periods of the 2 groups. Horizontal bars represent the overall median
for that time period. ITM, intrathecal morphine; PACU, postoperative anesthesia
care unit; POD, postoperative day; PVB, paravertebral block.

data were collected for the duration of their hospital stay (maximum
stay was 6 days in 1 PVB case).

The increased opioid consumption observed in the PVB group at
each time point (PACU, PACU through POD 1, POD 1 through POD
2, and overall) compared to the ITM group remained significant after
adjusted analysis. Compared to ITM, PVB was associated with a
28.86-unit increase in total opioid consumption (95% ClI, 12.52 to
45.19, P <.001). The only other significant covariate was age. Each
additional year in patient age was significantly associated with a
1.21-unit decrease in postoperative opioid consumption (95% Cl,
—2.07 to —0.35, P =.01). The overall model was significant: F (2,99)
=10.86, adjusted R>=0.163, P < .001.

Regarding hospital LOS, the median LOS for the ITM group was 1
day vs 2 days for the PVB group (P < .001). Adverse events occurred
in 20 out of 51 ITM patients. Seventeen patients demonstrated low
blood pressure or orthostasis, 2 patients exhibited pruritis, 1 patient
had nausea or vomiting, 1 patient had a suspected postdural puncture
headache, and 1 patient experienced delayed awakening in the
PACU. Neither the delayed awakening patient nor suspected postdur-
al puncture headache patient required intervention. In the PVB group,
20 out of the 51 PVB patients experienced adverse events, which in-
cluded low blood pressure or orthostasis in 14 patients, uncontrolled
pain in 2 patients, hypoxia in 1 patient, upper extremity weakness in
1 patient, difficulty swallowing in 1 patient, a vasovagal code event in
1 patient, loss of consciousness or seizure event in 1 patient, swelling
or pain at catheter site in 1 patient, and delayed catheter removal in 1
patient due to heparin administration. There were no recorded in-
stances of apnea events or respiratory depression in the ITM group.

Post hoc power analysis indicated that, given the observed effect
size (d =—0.5) and sample size (n =102), the study had a power of
0.69. This suggests a 69% probability of detecting a true medium ef-
fect size at a significance level of .05.

DISCUSSION

In this retrospective cohort study, we demonstrated that the adminis-
tration of preoperative ITM was associated with decreased consump-
tion of opioids and pain scores following abdominally based flap
breast reconstruction. Our results suggest that ITM produces

Figure 2. Median numeric rating scale pain scores (0-10) for the postoperative time
periods of the 2 groups. Horizontal bars represent the overall median for that time
period. ITM, intrathecal morphine; PACU, postoperative anesthesia care unit; POD,
postoperative day; PVB, paravertebral block.

improved postoperative analgesia compared to PVBs with a de-
creased hospital length of stay and a similar adverse event profile, re-
gardless of patient BMI, diabetes diagnosis, age, smoking, and ASA
status. Findings suggest that age may be a confounding variable, be-
cause increased age was associated with decreased opioid con-
sumption. This trend has been observed in several previous
studies and may be attributed to a range of causes, including differ-
ences in drug metabolism, polypharmacy, and increased sensitivity
to adverse effects of opioids.*™ Opioid consumption was reduced
at all time points (PACU, PACU to POD 1, and POD 1 to POD 2) for
those receiving ITM. Interestingly, 22% of the ITM patients required
no opioids postoperatively and 12% did not require an opioid pre-
scription at time of discharge (compared to 6% and 4%, respectively,
for the PVB group).

Forimplant-based breast reconstruction, peripheral nerve block tech-
niques such as PVBs are commonly used in managing acute postoper-
ative pain.”>" The literature has demonstrated that patients undergoing
mastectomy who received a PVB, compared to patients who did not, re-
quire significantly less opioids intraoperatively and postoperatively, had
lower pain scores postoperatively, and required less antiemetic medica-
tions perioperatively.19 However, despite their analgesic potency, the
pleural puncture and pneumothorax risks of PVBs may limit their wide-
spread adoption at many institutions.2 Newer regional anesthesia tech-
niques have been developed to target the relevant peripheral nerves
further away from the paravertebral space and pleura, however their ef-
ficacy may be decreased as a result.82°

One such commonly studied regional analgesic technique for autol-
ogous breast reconstruction donor site pain is TAP block.3%%"22 TAP
blocks can be administered by surgical infiltration or, more precisely,
with ultrasound guidance, similar to any peripheral nerve block.
However, TAP blocks only provide analgesia to the donor abdominal
site and will not cover the recipient thoracic area. A recent meta-
analysis of 12 studies showed a reduction in postoperative opioid con-
sumption and LOS but no difference in postoperative pain scores.®
Another limitation of TAP blocks with plain local anesthetic such as bu-
pivacaine is the limited duration of analgesia of 12 to 24 hours. More
recent studies with liposomal bupivacaine TAP blocks have been per-
formed in this surgical population with conflicting results.?>2*

Given the presence of both donor and recipient sites in abdominally
based free flap breast reconstruction, optimal postoperative pain can be
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Table 1. Patient Demographics and Surgical Characteristics

Table 2. Primary and Secondary Outcomes

ITM group PVB group ITM group PVB group P value
(n=51) (n=51) (n="51) (n=51)
Age, years 52 (45-57) 49 (43-59) Opioid consumption, MEQ
BMI, kg/m? 28 (18-39) 27 (19-38) PACU 0 (0-8.8) 12.5 (0-25) .009
Gender identity, n (%) PACU to POD 1 0 (0-15) 7.5 (0-30) .046
Female 51(100) 51 (100) POD 1to POD 2 7.5 (0-22.5) 30 (10-46.3) .002
Male (0] (0] Pain scores, 0-10
ASA classification, n (%) 0(0) 1(2) PACU 0(0-2) 2 (0-4) 015
1 29 (57) 27 (53) PACU to POD 1 0.5 (0-2.5) 3(0-6) .001
2 22 (43) 22 (43) POD 1to POD 2 3(0-5) 4 (2-6) .09
3 Length of stay, days 1(1-2) 2 (2-3) <.001
Patients with diabetes diagnosis, n (%) 5 (10) 8 (16) Adverse events, n (%) 20 (39) 20 (39)
Patient smoking status, n (%) Values are reported as median (interquartile) or number (percentage of patients).
ITM, intrathecal morphine; MEQ, oral morphine equivalents; PACU, postanesthetic
Former 8 (16) 10 (20) care unit; POD, postoperative day; PVB, paravertebral block.
Current 2 (4) 0
2 groups. This would be expected because the analgesia from ITM
Never 41(80) 41(80) can last upward of 48 hours in comparison to the duration of PVBs,
Patients taking preoperative opioids, n (%) 2 24 which is usually less than 24 hours. The ITM group had median
pain scores close to zero or near-zero from PACU to POD 1 and

Values are reported as median (interquartile) or number (percentage of patients).
ASA, American Society for Anesthesiologists; BMI, body mass index; ITM,
intrathecal morphine; PVB, paravertebral block.

more challenging to obtain with any combination of peripheral nerve
blocks and multimodal analgesia, given the degree of postoperative
pain as well as the sheer number of dermatomes needed to achieve ef-
fective anesthesia. The need to cover both the upper thoracic and lower
abdominal surgical sites increases the challenge of providing optimal
postoperative analgesia with peripheral nerve blocks.

Given the challenge of providing optimal analgesia in these pa-
tients, neuraxial analgesia with a single administration and injection
site could theoretically cover both donor and recipient sites and facil-
itate recovery and discharge. For neuraxial analgesia, the options for
postoperative analgesia include epidural and intrathecal single injec-
tions or continuous techniques with local anesthetic. Continuous
techniques with local anesthetic are limiting for this type of surgery
given the motor block that would inhibit postoperative ambulation
as well as inability to cover both sites adequately with 1 catheter.
Neuraxial opioids provide extensive analgesia for both thoracic and
abdominal surgery with a relatively long duration of 20 to 48 hours
(especially if a hydrophilic opioid such as morphine is given in the in-
trathecal space).?®>° Therefore neuraxial morphine injected into the
lumbar intrathecal space represents a promising option for this surgi-
cal population, because a single injection of ITM can theoretically
cover both surgical sites with dense analgesia for up to 48 hours
and facilitate postoperative ambulation and recovery. To date, there
have been no previous studies examining the effects of ITM in the ab-
dominally based free flap breast reconstruction surgical population.

Our results indicate that ITM provides improved postoperative an-
algesia after abdominally based free flap breast reconstruction upon
comparison with PVBs. In this retrospective study, there was a de-
crease in opioid consumption through POD 2. The difference in opi-
oid consumption was most pronounced between POD 1and 2 in the

then started to have mild pain scores from POD 1to 2. In comparison,
the PVB group had mostly mild pain in the PACU and PACU to POD 1
and moderate pain POD 1 to 2. There was no significant difference
seen in pain scores from POD 1to 2 between the 2 groups, because
the ITM was likely starting to wear off in most patients.

One of the interesting findings in our study has been the ability to
discharge these patients on POD 1with ITM, presumably given the im-
proved pain control. Enhanced recovery after surgery (ERAS) path-
ways have been increasingly utilized for autologous breast
reconstruction patients.1'3 Our institution previously started an inter-
disciplinary recovery pathway for these patients and compared our
results to nonautologous breast reconstruction patients, showing de-
creased opioid consumption with comparable LOS.3" With the addi-
tion of ITM (rather than PVBs), we are now able to routinely
discharge patients on POD 1. In comparison, other recent ERAS stud-
ies on similar surgical patients showed an LOS of 3 to 5 days.">3233
Although many factors may ultimately determine a patient’s LOS,
we believe that optimal analgesia with ITM improves the ability to
safely discharge earlier. Notable also is the lack of adverse events
seen by discharging in an expedited fashion. No flap losses were en-
countered in any patients. Furthermore, discharging patients on POD
1is a significant stride in attaining equivalent pain and recovery for im-
plant and autologous reconstruction.

Although ITM provides significant analgesia for this surgical popu-
lation, it is important to understand the limitations, side effects, and
adverse events that may be associated with neuraxial opioid admin-
istration. As a potent analgesic, neuraxial opioids may be associated
with oversedation, delayed emergence, and respiratory depression if
combined with other systemic opioids, sedatives, or hypnotics.
Patients require a higher level of care for respiratory monitoring post-
operatively according to the ASA guidelines on neuraxial opioid ad-
ministration.” Notably, this does not require any significant change in
burden of care, given that breast flap patients are monitored every
hour as a standard of care. For hydrophilic opioids such as morphine,
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these guidelines require patients to be checked hourly for adequacy
of ventilation, oxygenation, and level of sedation for the first 12 hours
after administration and then every other hour for the subsequent
12 hours. Because ITM is administered preoperatively, many of the
hourly checks occur while the patient is under general anesthesia
during the procedure, decreasing the duration postoperatively for
the nursing staff. The dosage of ITM used in this study is considered
a “high dose” (greater than 150 pg based on the literature), therefore
care must be taken intraoperatively and postoperatively to limit sys-
temic opioids and sedatives to prevent delayed emergence and
oversedation.>* Of note, in our study, there were no instances of re-
spiratory depression in the ITM group, but there was 1 case of de-
layed awakening in the PACU that did not require intervention.

In addition to oversedation and respiratory depression, other side
effects and adverse events related to ITM include the risk of postdural
puncture headache (PDPH), nausea, vomiting, and pruritus34 The risk
of PDPH after ITM for thoracic and abdominal surgery is not definitively
known compared to more commonly studied obstetric patients receiv-
ing spinal anesthesia in addition to morphine. In our study, there was 1
case of suspected PDPH in the ITM group, but no intervention such as
an epidural blood patch or sphenopalatine ganglion block was re-
quired. One patient in the ITM group experienced nausea or vomiting
and 2 patients had significant pruritus managed with medications.

Because this was a retrospective study, there are several limita-
tions to mention. The association between ITM administration and im-
proved pain control may be a result of other factors not accounted for
in our analysis, such as differing multimodal analgesic regimens be-
tween the 2 groups. Although both groups had their multimodal an-
algesia ordered by our acute pain service, itis possible that regimens
changed during the course of this study. Another caveat for the PVB
group is that the abdominal site was not uniformly covered in every
case with nerve blocks. In addition, the data we collected depended
on the accuracy and frequency of pain scores reported by nursing
and the electronic medical record system. Other outcomes such as
the incidence of delayed emergence, for example, could be missing
in the record collection. To address these limitations, a prospective,
randomized study could be performed to further assess and confirm
causality between ITM administration and improved pain control. This
type of study would standardize the analgesic protocols between
both groups to account for any external factors previously not con-
trolled. However, due to the recent implementation of ITM as part
of standard of care, this type of prospective, randomized study may
not be feasible because of the recognized clinical benefits.

Last, another limitation we did not investigate in this study was the
individual response to different opioids with respect to pharmacoge-
nomics. It is possible that individual patients may respond differently
to neuraxial morphine based on their genetic predispositions.
Pharmacogenomic testing was not performed on the patients in
our study. To our knowledge, pharmacogenomics has not been stud-
ied for neuraxial morphine and may form the basis for a future study.

Additional studies of ITM for autologous breast reconstruction pa-
tients are necessary. Future prospective trials should report out-
comes in a standard way to aid in data analysis and comparison to
results of previous studies. Studies should report, at minimum, length
of stay, opioid consumption, pain scores, and adverse events. Studies
should also discuss and highlight any barriers and limitations faced so
that different institutions can adapt their protocols accordingly.

CONCLUSIONS

Administering ITM as a form of postoperative analgesia for patients un-
dergoing abdominally based free flap breast reconstruction can be

considered a safe and potent analgesic modality. It is believed that
this retrospective cohort study is the first to describe the effects of
ITM administration for this particular surgical group. For patients under-
going abdominally based free flap breast reconstruction, ITM adminis-
tration contributes to decreased opioid consumption and pain scores
postoperatively and a decreased LOS. Adoption of this technique is
an important and effective means in working to achieve equivalency
when patients choose between implant and autologous reconstruction.
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