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Abstract

Purpose: To propose an optimal perioperative pain management clinical care pathway for interstitial brachytherapy
for gynecologic cancer based on our interdepartmental experience.

Material and methods: We conducted a retrospective review of 23 women who underwent 32 interstitial brachyther-
apy procedures for gynecological cancers, analyzing patient demographics, type of anesthetic, medications, postopera-
tive pain scores, adverse events, and delays in discharge. We measured the association of postoperative nausea and/or
vomiting (PONV) with hydromorphone use, and postoperative pain scores and total narcotic administration with type
of anesthesia.

Results: In 91% of patients postoperative pain was managed with an epidural infusion plus, as needed (PRN), IV or
patient controlled analgesia (PCA) narcotics. The most common postoperative adverse event was PONV (53%), followed
by delirium (22%). Hospital discharge was delayed, at least by one night, in 26% of patients. Use of a basal rate on the
PCA was associated with all cases of delayed discharge from over-sedation and PONV. The use of 5 mg or more of in-
travenous (IV) hydromorphone during the first 24-hours postoperatively was associated with PONV (p = 0.01). Use of
a basal PCA was associated with delirium (p = 0.03). Postoperative pain scores were not significantly associated with the
type of anesthesia.

Conclusions: Interstitial gynecologic brachytherapy requires a multidisciplinary effort for optimal perioperative
management. Our study outlines the appropriate preoperative, intraoperative, and postoperative anesthesia clinical
care pathway. Decreased narcotic use during hospitalization and utilization of a patient-directed infusion may decrease
side effects and allow for a more efficient hospital discharge.
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sia for gynecologic interstitial brachytherapy to help guide
brachytherapy best practices and clinicians.

Purpose

Interstitial gynecologic brachytherapy involves the
placement of a plastic or metal applicator within the tar-
get tissue, followed by post-procedural computer con-
trolled automatic after-loading of a radioactive source to
allow for high dose radiation to a tumor with better target
volume coverage [1,2,3,4]. The indications include cervi-
cal cancer, in which tumor extension cannot be treated by
standard intracavitary brachytherapy alone, endometrial

Multidisciplinary team involvement

The Department of Anesthesiology and Pain Medi-
cine at the University of California, Davis Medical Cen-
ter, provides anesthesia services for many procedures
conducted at the University of California, Davis Compre-
hensive Cancer Center. The location is not certified for

cancer, vaginal cancer, recurrent gynecological cancers or
co-morbidities that preclude surgical resection [1,5,6,7].
Integrated into the procedure and perioperative course is
a multidisciplinary workflow heavily dependent on anes-
thesia care. Although there is literature addressing anes-
thesia for brachytherapy procedures, such as for prostate
or breast cancer, few studies focus on the optimal anesthe-

general anesthesia, so monitored anesthesia care (MAC),
including deep sedation or neuraxial anesthesia (e.g.
spinal, epidural, or combined spinal and epidural anaes-
thesia [CSE]) is employed. Patients have their interstitial
brachytherapy implant placed in the radiation oncolo-
gy department by a radiation oncologist specializing in
gynecological brachytherapy, and are then admitted to
the hospital overnight between radiation treatments and
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co-managed by the gynecology and radiation oncology
services.

Summary of the implant procedure

Prior to the procedure, most patients are treated with
external beam radiation therapy with or without chemo-
therapy. The radiation oncologist determines the optimal
location for interstitial implantation by defining the clin-
ical tumor target and areas at high risk. All patients are
then sent to the preoperative anesthesia clinic for evalu-
ation and are scheduled for the procedure. For the pro-
cedure, the anesthesiologist places a neuraxial block or
provides MAC depending on the needs of the case after
discussion with the radiation oncologist. After the patient
is in lithotomy position, the cervix or vagina is palpated
and a custom vaginal cylinder using a plastic applicator or
a plastic applicator supplemented with moldable and ad-
hesive dental putty is placed into the vagina. Thereafter, an
external template is placed on the perineum to secure im-
mobilization of the apparatus. Visualization and guidance
during the implantation are processed initially by clinical
examination. Then, this is aided by real-time transvaginal
ultrasound if clinically indicated prior to the insertion of
the obturator into the vagina. After the vaginal obturator
and template are placed, transrectal and transabdominal
ultrasound are performed in tandem or alternating during
the procedure. A small thickness computed tomography
(CT) is used during the procedure in a limited fashion if 3D
imaging is required. Using this template based approach,
straight titanium needles are inserted into the perineum
and/or vagina, and/or cervix, depending on the target
volume and implant technique. The apparatus is secured
to the vulva with stitches as shown in Figure 1.

A CT scan is then used to perform better adjustment of
the needle placement within the tumor target. Contrast is
filled into the bladder (25 cc of sterile saline and 5 cc of io-
dinated contrast) and rectum (15 cc of barium), and a sim-
ulation scan is performed for treatment planning purpos-
es. The implantation procedure, CT simulation scan, and
needle verification length check takes 2 to 3 hours to com-
plete. The patient is then placed in the nursing holding bay
while the treatment planning process (encompassing the
contouring portion, needle simulation, physician-generat-
ed treatment plan, and physics quality assurance checks),
occurs. This process takes 3 to 4 hours, after which the pa-
tient is brought back for radiation treatment.

After the procedure, the template and hardware are
temporarily left in place, and the patient is admitted to the
hospital overnight for 1 to 2 additional high dose radiation
treatments the next day, spaced at least 6 hours apart. Be-
cause of the retained hardware, it is crucial to provide con-
tinued analgesia overnight. Often a continuous epidural,
with or without systemic analgesics are needed. After the
last treatment, the applicators are removed and analgesic
requirements are minimal. The epidural is removed and
once the patient is stable, she is being discharged home.

Material and methods

With an intent to develop an optimized perioperative
care pathway, and after approval from our Institutional

Review Board (IRB), we conducted a retrospective re-
view of anesthesia and hospital records for all patients
who underwent an interstitial gynecologic brachythera-
py procedure over a 4-year period from 2010-2013 at the
University of California, Davis Comprehensive Cancer
Center in Sacramento, California. Data was collected by
a single researcher through review of patients’ electronic
medical records and scanned written anesthesia records
for patient demographics, baseline laboratory values,
type of anesthesia, medication administration, patient vi-
tals, pain scores, and side effects. Data are presented as
summary statistics (using means, medians, ranges, inter-
quartile range, and proportions).

We cataloged the following complications: postoper-
ative nausea and/or vomiting (PONV), respiratory de-
pression (defined as use of naloxone or arousal difficulty
with need for supplemental oxygen), delirium (as noted
by physician progress notes), urinary retention (inability
to void after Foley removal), postoperative hypotension
(blood pressure < 20% of preoperative value), and de-
layed discharge (at least one unplanned overnight stay).
We examined the mean of all the pain scored recorded.
Generally, pain scores are recorded every 6 hours or
during a transition of care. We calculated a mean for all
postoperative pain scale data available.

Postoperative narcotic administration was measured
in the form of IV administered hydromorphone. In in-
stances where oral narcotics or IV morphine were given,
an appropriate opioid conversion was used to convert to
IV hydromorphone equivalents, using the Global RPh
opioid conversion calculator (http://www.globalrph.
com/mnarcoticonv.htm).

Statistical analysis

The Fisher exact probability test was employed for
statistical analysis to investigate the relationship between
postoperative delirium and patient controlled analgesia
(PCA) use, delirium and scheduled promethazine or lora-
zepam combined with a narcotic epidural, and PONV
and IV hydromorphone administration. Significance was
held at the standard value of p < 0.05. A Kruskal-Wallis
test was used to compare postoperative narcotic admini-

Fig. 1. Implant device with retained hardware for addi-
tional spaced radiation treatments
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stration between MAC/local anesthetics, epidural, and
combined spinal epidural (CSE). Statistical analysis was
done using Vassar Stats platform for statistical computa-
tion. Whisker box plots were generated using QI Macros
- six sigma for Excel platform.

Results
Patient demographics

During the study period, 27 patients underwent in-
terstitial brachytherapy for gynecologic cancers. Four
were excluded from the study because they did not have
perineal interstitial brachytherapy implantation. For the
remaining 23 patients included, 32 implant procedures
were performed on separate occasions and reviewed.
One patient was not admitted for multiple treatments
as an inpatient, but was monitored in a prolonged re-
covery setting; therefore only limited data was available
and analyzed. All patients were women with advanced
or recurrent gynecological cancers of the cervix, vagina,
or endometrium who received high dose rate radiation
treatments. The mean patient age was 55 years with
a range of 31-84 years. The American Society of Anes-
thesiologist (ASA) classification is a system for assessing
the fitness of patients before surgery: 1- healthy person;
2 - mild systemic disease; 3 - severe systemic disease;
4 - severe systemic disease that is a constant threat to
life; 5 - moribund person who is not expected to survive
without the operation; 6 - declared brain dead person
who’s organs are being removed for donor purposes.
Seventy-four percent of patients were classified as ASA
physical class III or IV. The mean body mass index (BMI)
was 28 kg/m? with a range of 17-51 kg/m?. The patients’
laboratory results are shown in Table 1. The most com-
mon electrolyte abnormalities included hypokalemia

Table 1. Distribution of age, the American Society
of Anesthesiologist physical classification, weight,
and laboratory findings of patients undergoing

interstitial brachytherapy for gynecological cancer

Patient characteristic Value

Age (years), mean (range) 55 (31-84)

ASA physical status 2 26% (6/23)

ASA physical status 3 70% (3/23)

ASA physical status 4 4% (1/23)

BMI (kg/m?) mean (range) 28 (17-51)

Underweight (BMI < 18.5) 4% (1/23)

Normal (BMI 18.5-24.9) 30% (7/23)

Overweight-severe (BMI 25-39.9) 57% (13/23)

Morbid obesity (BMI > 40) 9% (2/23)

Hemoglobin 10-12 (g/dl) 50% (8/16)

Hemoglobin 8-10 (g/dl) 50% (8/16)

ASA — American Society of Anesthesiologist, BMI — body mass index

(K < 3.3 mEq/I) in 50% of patients tested, hypomagne-
semia (Mg < 1.5 mEq/I) in 86% of patients, and elevated
creatinine (Cr > 1.27 mg/dl) in 19% of patients, resulting
from chemoradiation or the cancer disease process, as
shown in Table 1.

Anesthetic technique

The type of anesthesia used is determined by attend-
ing anesthesiologist and radiation oncologist. Typically,
our institution uses an epidural, so that the pain control
is continuous in the hospital setting overnight.

In the absence of a general anesthetic, patients need
adequate reassurance and sedation to tolerate the proce-
dure, even if analgesia is being provided by an epidural
or combined spinal and epidural (CSE), as the patient is
standardly placed into the lithotomy position for many
hours. It is important to properly position the legs and
arms to avoid nerve damage. Sedation can be provid-
ed by continuous or intermittent propofol, or sporadic
midazolam as needed. Applicators that are inserted into
the uterus and vagina, often require a T10-L1 blockade.
The bladder is often distended for imaging purposes,
which requires at least a T10 blockade and may cause
abdominal cramping despite neuraxial anesthesia. In-
sertion of a rectal ultrasound probe or applicator usually
requires sacral blockade. Distension of the cervix, upper
vaginal packing, and labial sutures are often carried by
the pudendal S2-54 nerve roots [8]. Spinal anesthesia may
improve sacral blockade, while an epidural can be used
for continuous analgesia intraoperatively and postopera-
tively for subsequent radiation series.

An epidural was the most common anesthetic used for
the procedure (53%), followed by combined spinal epi-
dural (34%), and MAC with paracervical block (13%). If
a spinal epidural was used, 0.75% bupivacaine at 1-1.5 ml
was the most commonly used. For epidural dosing during
the implant procedure, 0.25% bupivacaine divided to
a total volume of 10-15 ml was the most commonly used.
Intrathecal (aka spinal) or epidural narcotics were used in
43% of the neuraxial anesthetics, with single dose fentan-
yl added in 50% of these cases, while the other 50% had
a continuous fentanyl or hydromorphone epidural with
local infusion during and/or after the procedure. Epidural
infusions were started during the implant procedure and
continued until implant removal. Most of the local or local/
narcotic epidural infusions were run between 8-12 ml/hr.

The most commonly used intraoperative IV medi-
cations were midazolam and fentanyl. Patients received
a mean of 4 mg of midazolam and 100 pg of fentanyl. In
one-fourth of cases, low-dose propofol infusion (< 100 pg/
kg/min) or intermittent boluses was used. Less common-
ly used IV adjuncts included: dexmedetomidine (either
as a bolus or drip, with a total < 0.5 ng/kg), ketamine
(10-25 mg), or remifentanil (drip range of 0.03-0.05 png/kg/
min). The most commonly administered intraoperative an-
tiemetic was IV ondansetron (4 mg).

Postoperative management

Of the 31 implant procedures requiring hospital ad-
mission, 28 (90%) had a continuous postoperative epi-
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dural (most commonly 0.1% bupivacaine at 8-12 ml/hr),
with 6 (21%) having fentanyl (2 pg/ml), or hydromor-
phone (0.02 mg/ml) added to the epidural local infusion.
The most common postoperative IV analgesic adminis-
tered was hydromorphone. Of the 31 patients, 19 (61%)
had PRN IV hydromorphone or PCA without a basal
rate. No patients were given a basal rate on their PCA if
they had a continuous narcotic in their epidural infusion.
In addition, 11 patients (35%) were given oral hydro-
codone or oxycodone with 325 mg of acetaminophen
during the hospitalization, with a mean of 17.5 mg of oral
narcotic over the entire hospital stay. Acetaminophen, in
intravenous form, was only given to 2 patients and ibu-
profen was used in 1 patient. Antiemetics were given on
an as-needed basis or scheduled. Promethazine was the
most commonly administered, followed by metoclopra-
mide and ondansetron. Postoperative anxiolytics were
administered to 16 patients (52%). The most commonly
used anxiolytic was lorazepam (10 patients, 63%), follow-
ed by zolpidem (3 patients, 19%), haloperidol (2 patients,
12%), and alprazolam (1 patient, 6%).

Pain scores and postoperative narcotic
administration

Mean postoperative pain scores, by use of the visu-
al analog scale (0 meaning “no pain” and 10 meaning
“worst imaginable pain”), were calculated for each anes-
thetic type. The mean pain score was 3.0, 3.3, and 2.6 in
the MAC/local, epidural, and CSE, respectively. Howev-
er, one MAC/local patient had very low scores recorded
(0-1), but received a high amount of narcotics. On review
of the records, she did not speak English. Another pa-
tient in the MAC/local group stayed less than 24 hours
and had no postoperative pain scores recorded. A Kru-
skal-Wallis test was used to analyze differences in post-
operative pain scores of the three groups, which were not
found to be statistically significant (p = 0.22).

After theinitialimplant procedure, the medianamount
of equivalent IV hydromorphone administered over 24
hours was 4.8 mg with epidural (Q1-Q3: 2.25-8.5 mg),
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Fig. 2. Postoperative narcotic administration by type of
primary anesthetic using a box and whiskers plot

2.2 mg with CSE (Q1-Q3: 1.45-5.6 mg), and 12.6 mg with
MAC/local (Q1-Q3: 10.4-16.2 mg). A Kruskal-Wallis test
was used to compare the three groups. Use of a CSE was
associated with 2.2-fold decrease in the total narcotic
administration compared to epidural, and a 5.7-fold de-
crease in narcotic administration compared to MAC/lo-
cal, as shown in Figure 2, but these differences were not
found to be statistically significant (p = 0.10).

Side effects, complications, delayed discharges

PONYV was present in 17 patients (53%). Of these, 35%
had narcotics in their neuraxial anesthetic, while 65% did
not. There was a statistically significant difference in the
incidence of PONV with the use of 5 mg or more of IV
hydromorphone equivalents in the first 24 hours of post-
operative course compared to less than 5 mg (p = 0.01), as
shown in Figure 3. Agitation, delirium, or oversedation
was noted in 7 patients (22%), of these 5 (71%) were giv-
en a basal rate on their PCA. The association of delirium
with basal PCA use was found to be statistically signifi-
cant using the Fisher exact probability test (p = 0.03).

Respiratory depression occurred after 2 of the 32 pro-
cedures (6%). In one case, the patient received scheduled
promethazine and lorazepam with epidural narcotics
and a hydromorphone PCA. In the other case, the patient
was receiving scheduled promethazine with epidural
narcotics and a hydromorphone PCA. However, the use
of scheduled promethazine and/or lorazepam plus nar-
cotic epidural was not found to be significantly associat-
ed with respiratory depression (p = 0.11). Foley catheters
were typically removed 6-8 hours after the epidural was
stopped. Urinary retention occurred in 1 of 32 procedures,
requiring re-insertion of the Foley catheter. Postoperative
hypotension (blood pressure < 20% baseline) occurred in
4 patients (13%), in 3 who had epidurals, and in one who
had a CSE, as summarized in Table 2.

Of 32 brachytherapy procedures, 7 sessions (22%) re-
quired a delay in the hospital discharge requiring an over-
night stay due to blood transfusion, (3/7, 43%), fever/

p=001

n=3

il

Less than 5 mg IV dilaudid ' 5 mg or more IV dilaudid
B Patient without N/V O Patient with N/V

Fig. 3. Postoperative narcotic administration (dilaudid
equivalents) over a 24-hour period and incidence of post-
operative nausea and/or vomiting (N/V)
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Table 2. Distribution of postoperative adverse
events or side effects

Nausea and/or vomiting 53% (17/32)

Agitation, delirium, over-sedation 22% (7/32)

Postoperative hypotension 13% (4/32)

Respiratory depression 6% (2/32)

Urinary retention 3% (1/32)

sepsis/additional work-up (2/7, 28%), electrolyte abnor-
mality (1/7, 14%), and social issues (1/7, 14%).

Discussion

There is paucity in the literature describing the anes-
thesia workflow and analgesic requirements for each step
of interstitial gynecologic brachytherapy. Jain et al. com-
pared different anesthetic techniques for intracavitary
radiotherapy for cervical cancer, finding that neuraxial
anesthesia provided better postoperative analgesia with
fewer side effects as compared to general anesthesia
[9]. In a retrospective analysis, by Benrath et al. neurax-
ial anesthesia was the predominant technique for pelvic
brachytherapy [10]. Epidural analgesia was found to pro-
vide satisfactory pain relief for pelvic brachytherapy in
a study by Janaki et al. [8]. However, none of these series
examined the perioperative anesthetic requirements for
interstitial brachytherapy. Intracavitary brachytherapy
only requires applicators to be inserted for several hours,
while interstitial implants require perineum, vaginal su-
tures, and hardware retained in the patient overnight for
a series or radiation treatments, thus necessitating opti-
mal anesthesia care. We sought to further examine our
perioperative anesthesia care to improve our patient ex-
perience, and investigate quality control metrics, such as
prolonged hospitalization rates.

Perioperative considerations and challenges

There are several important considerations and chal-
lenges for this particular patient population and pro-
cedure. We summarize observations from our patient
series, which guided our development of a proposed
perioperative care pathway, and which we have divided
into sections relative to the procedure.

Preoperative

Patients undergoing interstitial brachytherapy are of-
ten in a higher risk category for anesthesia complications
given their co-morbidities. In our study, 74% of patients
were classified as an ASA III or IV. Patients may have
electrolyte abnormalities from gastrointestinal distur-
bances, volume depletion, chemotherapy, and external
beam radiation treatments. In our study, hypokalemia
and hypomagnesemia were the most common electrolyte
abnormalities. In our preoperative clinic, a laboratory
workup is often ordered, but results may not be acted
upon until the day of the procedure.

Ideally, preoperative screening and correction of any
severe electrolyte abnormalities should occur before the
procedure.

Significant symptomatic anemia or thrombocytope-
nia may complicate the anesthetic technique or delay dis-
charge. In our study, 4 of 7 delays in hospital discharge
involved blood transfusion for symptomatic anemia.
Thrombocytopenia was present in 40% of patients tested.
In addition, patients may be on systemic anticoagulants
for thromboembolic events associated with their malig-
nancy, which may preclude use of a neuraxial anesthetic.
We usually hold the procedure if the patient’s platelet
count is less than 70 K/mm? and consider platelet trans-
fusion. We suggest that all patients should be screened
for symptomatic anemia. A preoperative platelet count
should be considered for neuraxial anesthesia. Patient
medications and history should be carefully reviewed be-
fore placement of a neuraxial block.

Intraoperative

A variety of anesthetic techniques for pelvic brachy-
therapy have been reported, including general anesthe-
sia, epidural, CSE, and MAC with a pudendal or para-
cervical block [6,8,9,10,11,12]. In our study, the most
common anesthetic technique was an epidural, followed
by a CSE. We did not perform any procedures under gen-
eral anesthesia because of certification restrictions in the
cancer center.

The implant procedure is often performed in ancillary
locations, which may preclude certain equipment or gen-
eral anesthesia. At our institution, the procedure is con-
ducted in an outpatient ancillary setting, where there is
access to a radiation simulator, and high-dose-rate treat-
ment. Intraoperative challenges for the anesthesia pro-
vider include restricted airway access because of limita-
tions in the ancillary suite, patient positioning, darkness
of the room for ultrasound use, and monitor incompati-
bility with imaging devices.

Postoperative

After the procedure, patients are admitted for inpa-
tient monitoring. They retain the applicators for radiation
afterloading the next day. Patients are kept on strict bed
rest with continued analgesic requirements, which may
be managed with a continuous epidural (with or without
narcotics) and/or systemic opioids and adjunctive pain
medications. In our study, the use of a CSE was associated
with a 2.2-fold reduction in total postoperative narcotic
administration compared to an epidural, and a 5.7-fold re-
duction in narcotic use compared to MAC/local anesthet-
ic. The association of less narcotic administration with use
of a CSE may be explained by a spinal providing a denser
block with greater sacral spread, such that vaginal hard-
ware was better tolerated, compared to an epidural.

We found that the incidence of PONV significantly
increased with use of 5 mg or more of IV hydromorphone
in the first 24-hours postoperatively. In order to decrease
the overall postoperative narcotic administration, we rec-
ommend eliminating the basal rate of the PCA. Patients
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may be receiving more narcotics than needed with a bas-
al rate and suffering increased side effects. Optimizing
the epidural infusion and using adjunctive therapies may
decrease the overall opioids administered, while still pro-
viding adequate pain relief. We suggest scheduling oral
or IV acetaminophen throughout the hospitalization to
potentially decrease the overall opioid administration.
Ibuprofen and ketorolac are often avoided because of
their potential to worsen vaginal bleeding.

In our study, a hydromorphone PCA was common-
ly used with an epidural for postoperative analgesia. We
found that use of a basal rate with the PCA was signifi-
cantly associated with an increase in delirium. Of the
7 patients in this study with documented delirium or
oversedation, 5 had a continuous basal PCA and 2 had
scheduled promethazine or lorazepam with a narcotic
epidural. Because of their immobility, patients may have
worsening feelings of anxiety or claustrophobia. Sched-
uled anxiolytics, such as lorazepam, may pose a risk of
increased delirium or respiratory compromise when
combined with epidural or IV narcotics. If a patient is
anxious, despite reassurance and effective analgesia, we
suggest only as-needed anxiolytics. Caution must be tak-
en in prescribing anxiolytics in patients receiving concur-
rent neuraxial narcotics or basal PCA.

In our study, 53% of patients had PONV. This is a much
higher rate of N/V than reported in other brachytherapy
studies with non-interstitial patients. Benrath et al. report-
ed PONV in only 1.3% of their patients. However, only
17% of their patients had tumors of the female genital
organs and all types of brachytherapy procedures were
included, even just removal of applicators or single dose
therapies [9]. Our study only included patients receiv-
ing interstitial brachytherapy implants for gynecological
cancers. Our patient population is considered moderate-
high risk for PONV given female sex, use of opioids, and
gynecological procedure/manipulation [13]. Because of
the retained hardware, the gynecological organs are being
manipulated throughout hospitalization, which may con-
tribute to such a high rate of PONV.

Promethazine was the most commonly used postoper-
ative antiemetic in our study, which is considered by the
Society for Ambulatory Anesthesia to have only some an-
tiemetic efficacy [14]. Based on our high rates of PONV, we
recommend that patients receive prophylactic antiemetics
during the initial procedure. Ondansetron is recommend-
ed as first-line prophylaxis, and combination therapy
(adding another antiemetic in a different class) is recom-
mended in moderate-high risk patients to increase effec-
tiveness [14]. Antiemetics with sedating properties (e.g.
promethazine), should be used with caution especially in
the elderly patients, as they may promote delirium or have
synergistic respiratory depressive effects when combined
with opioids.

Non-pharmacological interventions to reduce PONV
include maintaining appropriate hydration status. Oral
intake may be difficult because of PONV, immobility,
and limited time for intake between subsequent radi-
ation procedures; therefore, hydration status should be
frequently assessed and maintenance fluids given. If the

patient can tolerate fluids orally, consider giving fluids as
soon as can be tolerated after the procedure.

While in the hospital, after we discontinue the epidur-
al, the patient is offered oral pain medication as needed.
They are then discharged according to their preoperative
outpatient pain regimen and follow closely with radia-
tion oncology for pain medication management.

Discharge readiness

Analgesia is needed for repeated brachytherapy frac-
tions during hospital admission, but is usually tolerated
with minimal IV sedation or with a continuous epidural
infusion, as the applicators and hardware are already in
place. After the last radiation treatment, the applicators are
removed, and often the patient is given short term intrave-
nous or oral medications due to pain with the applicator re-
moval. The epidural catheter is then removed at this time.
The patient must be assessed for readiness for discharge.
In our study, discharge was delayed because of abnormal
electrolytes, symptomatic anemia, fever/sepsis/addition-
al work-up (2/7, 28%), and social issues (1/7, 14%). To re-
duce discharge delays, patients should be screened early
preoperatively and postoperatively for symptomatic ane-
mia, and electrolytes abnormalities should be addressed,
ideally starting in the preoperative clinic. Oversedation
or delirium may be reduced with general delirium pro-
phylaxis, minimization of IV narcotics, and avoidance of
scheduled anxiolytics or sedating antiemetics.

Proposed perioperative pathway

Perioperative clinical pathways are structured multi-
disciplinary care plans that detail the essential steps in the
care of patients with specific clinical problems or inter-
ventions, with a goal to improve the overall process and
outcome. Pathways have been found in numerous stud-
ies to reduce costs, decrease variation in patient care, and
improve quality and satisfaction of patient care [15,16,17].

Each step in the process of interstitial gynecologic
brachytherapy requires meticulous quality assurance.
Analysis of workflow facilitates the exploration of need-
ed efficiency within each designated task for potential
feedback and troubleshooting. After evaluation of our in-
stitutional experience, we designed an interdisciplinary
perioperative pathway for patients receiving interstitial
brachytherapy for gynecologic cancers, summarized as
a flowchart in Figure 4.

Implementing a perioperative pathway

Our perioperative pathway could be adopted or
adapted by hospital interdepartmental clinical care com-
mittees to develop a standard regimen for patients under-
going interstitial brachytherapy for gynecological cancers.
Other details or components could be added, for example,
subcutaneous heparin schedules for deep vein thrombosis
prophylaxis, bowel prep regimens, NPO status, prophy-
lactic antibiotic dose/times, use of Lomotil (diphenoxyl-
ate and atropine) to reduce bowel movements, timing of
ambulation, nursing care plans, and discharge criteria.
Scheduling details, preoperative clinic timing, procedural
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Preoperative * Consider correcting electrolyte abnormalities before procedure

* Laboratories: recent CBC, CHEM-7, Magnesium, Coagulation Studies

* Minimize NPO time, encourage clear liquids up to 2 hours before procedure

A

Intraoperative

Anxiolytics (if indicated) and minimize overall narcotic administration

* Primary anesthetic: CSE or epidural + narcotics (selective)

Hydration (IV fluid maintenance)

Electrolyte replacement (if indicated)

Adjunctive pain medications to minimize narcotics (e.g., IV acetaminophen)

* Prophylactic antiemetics for PONV (e.g. ondansetron)

A

Postoperative * Use adjuncts pain medications (e.g., scheduled acetaminophen PO or IV)

Address PONV, symptomatic anemia, and electrolyte abnormalities
Local or local/narcotic (selective) epidural infusion for continued analgesia
* Minimize narcotics, avoid basal rate if using a PCA

General delirium prophylaxis

* Aggressive antiemetic prophylaxis, avoid scheduled promethazine
¢ PO clear fluids in-between radiation treatments, IV fluid maintenance
* Anxiolytics PRN, avoid scheduled benzodiazepines or zolpidem

* Stop epidural at last procedure, remove Foley 6 hours later, ambulate

Fig. 4. Proposed perioperative pathway for interstitial brachytherapy for gynecological cancers, describing important consid-
erations for the preoperative, intraoperative, and postoperative periods

scheduling, and timing for additional radiation therapy
could also be added. Patient outcomes, patient satisfac-
tion, hospital costs, and side effects should be tracked over
time and the pathway modified as needed.

Limitations and future research

A limitation of our study is our small sample size and
different combinations of medications that were used.
However, all epidural and spinal anesthesia were admin-
istered at as a combination and rate according to our an-
esthesia departmental standards. Although the specific
combination would vary based on the patient history and
anticipated pain, we wanted to exemplify the use of the spi-
nal and epidural anesthesia in perioperative pain manage-
ment for gynecologic interstitial brachytherapy. We did use
an opiate conversion calculator to convert all IV postopera-
tive pain medications into a common drug for comparison.

Additionally, we did not collect data regarding patient
reported satisfaction with the procedure and anesthesia;
rather, we used VAS scores and narcotic administration as
a proxy for the degree of analgesic satisfaction. Ideally, a fu-
ture study would specifically interview for patient satisfac-
tion with the procedure and postoperative period. Because
this was a retrospective study, patients were not random-
ized to receive specific types of anesthesia, so there may be
selection bias of which patients received what type of an-
esthesia and postoperative analgesia. We did not perform
any procedures under general anesthesia, so we were un-
able to compare general to neuraxial anesthetic techniques.

Another limitation of our study is that the number of
interstitial needles or location of the target volume could

have influenced the pain score of the patient in the periop-
erative period. For example, we suspect the response to
preoperative external beam radiation would influence
the number of catheters placed. Although not shown cur-
rently in the literature, a higher number of catheters may
correlate with an increase in the pain scale, which could
be a confounder in our dataset.

Our data is increasingly important, as hospitals and
outpatient based clinics examine efficiency and discharge
delays as a quality metric. In the near future, quality met-
rics will be linked to physician and hospital reimburse-
ments and national quality scores. We plan to implement
our perioperative pathway through our institution’s clin-
ical care committee and compare patient outcomes and
workflow efficiency in future studies.
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