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BACKGROUND: Treatment with rituximab and antithymocyte globulin (ATG) are associated with
infusion-related rigors. Treatment for rigors associated with chemotherapy is not well studied, and
the current treatments are extrapolated from research in postanesthetic shivering. Historically,
meperidine was used to stop rigors, despite having several adverse events, such as anxiety,
tremors, and seizures, resulting from the accumulation of meperidine’s active metabolite norme-
peridine. Morphine’s role in the treatment of rigors is not currently established, and there are no
known studies that have evaluated the use of morphine in this setting.
OBJECTIVES: To assess if the use of intravenous (IV) morphine stopped rigors associated with
treatment with rituximab and ATG. The secondary objectives included determining the dose re-
quired to treat rigors and the time to resolution of rigors.
METHODS: This pharmacist-led, observational, single-center, retrospective chart review included
patients who were aged >18 years, received rituximab or ATG for a hematology or oncology indi-
cation, and received >1 doses of IV morphine for the treatment of rigors at Atrium Health Wake
Forest Baptist between July 2016 and July 2019. The study’s exclusion criteria included receiving
treatment with a medication other than morphine for the initial rigor event, having rigors after re-
ceiving a medication other than rituximab or ATG, already meeting the inclusion criteria for a pre-
vious episode of rigors, and receiving morphine for an indication other than rigors within the past
12 hours.
RESULTS: Of the 620 patient charts reviewed, 574 patients received rituximab and 46 received
ATG. In all, 57 patients met the study’s inclusion criteria, of whom 34 received rituximab and 23 re-
ceived ATG. The incidence rates of rigors were 6% in the patients who received rituximab and 50%
in those who received ATG. Most patients were aged between 60 years and 79 years and received
rituximab for the treatment of diffuse large B-cell lymphoma or ATG for the prevention of graft-
versus-host disease. The patients who received rituximab were more likely to have an episode of
rigors during their first treatment cycle than in later treatment cycles, potentially as a result of B-cell
lysis and the volume of proinflalmatory cytokines released with initial cycles. Of the 57 study pa-
tients, 55 (96%) received IV morphine and their rigors stopped, of whom 16 patients required a
second dose of morphine. A total of 2 patients were escalated to treatment with IV meperidine.
CONCLUSION: Morphine is a safe and appropriate alternative to meperidine for the treatment of
rituximab- or ATG-related rigors that can be easily accessed in an infusion suite or an inpatient unit.
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shivering that can be accompanied by a rise in  of various inflammatory cytokines that cause rigors.>?

Rigors are involuntary episodes of severe shaking or ~ ulin (ATG) induce cell lysis, which results in the release

temperature resulting from altered thermoregula-  Treatment with rituximab has been shown to induce
tion in the hypothalamus.! Although the precise etiology ~ rigors in 13% to 33% of patients, and the incidence rate
of rigors is unknown, rituximab and antithymocyte glob-  of rigors related to treatment with ATG is approximately
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Morphine for Rigors After Rituximab or ATG

55%.%> These reactions can be unpleasant for patients
and may cause early discontinuation of therapy or delays
in treatment.

Treatment for rigors associated with chemotherapy is
not well studied, and the current treatments are extrapo-
lated from research in postanesthetic shivering.® In a
systematic review of randomized, controlled trials, Kran-
ke and colleagues evaluated the use of various medica-
tions for the treatment of postoperative shivering.® Me-
peridine stopped shivering in 87%, 91%, and 88% of
patients after 5 minutes, 10 minutes, and 15 minutes,
respectively.® Historically, at Atrium Health Wake Forest
Baptist in Winston-Salem, NC, meperidine was used to
stop rigors associated with rituximab or ATG treatments,
although the use of meperidine has several disadvantag-
es. Meperidine’s active metabolite, normeperidine, is re-
nally cleared and is associated with risks for anxiety, my-
oclonus, seizures, and mood changes within 24 hours of
use.” Meperidine’s benefit in the treatment of rigors or
shivering is related to decreasing the shivering threshold
by binding to p and x opioid receptors, which can be
targeted by various agents within the opioid drug class.!
In its 2007 bulletin, the Institute for Safe Medication
Practices called for the avoidance of treatment with me-
peridine, particularly in older patients and in those with
renal insufficiency.®

At Atrium Health Wake Forest Baptist, morphine has
been used since 2003 as a treatment for rigors associated
with rituximab and ATG in lieu of meperidine in an effort
to minimize the use of meperidine. Treatment with mor-
phine is effective in the treatment of rigors associated with
amphotericin administration and is extrapolated to be ef-
fective for other druginduced rigors through pathways
similar to those where meperidine has shown benefit.’

As a supportive care measure at Atrium Health Wake
Forest Baptist, all treatment plans with rituximab and
ATG have morphine prebuilt to be administered for
rigors. Per the treatment plan, 2 mg of intravenous (IV)
morphine is administered at the onset of rigors, followed
by another 2 mg of IV morphine if no response is ob-
tained within 15 minutes. The dose of morphine is
commercially available in prefilled syringes and can be
stored on the floor in automated drug cabinets that are
easily accessible by nursing staff to quickly obtain and
administer when advised by a provider that a patient has
had a reaction to treatment with rituximab or ATG. It is
at the provider’s discretion whether to administer subse-
quent doses of IV morphine or to escalate treatment to
12.5 mg or 25 mg of IV meperidine.

The purpose of this study was to evaluate the effective-
ness of morphine as an alternative therapy to meperidine
in stopping rigors after receiving treatment with ritux-

imab or ATG.

Methods

This study was a pharmacist-led, observational, single-
center, retrospective chart review conducted at Atrium
Health Wake Forest Baptist. The institutional review
board and oncology protocol review committee at Atri-
um Health Wake Forest Baptist approved the study pro-
tocol. The patients were identified from a report generat-
ed through the electronic medical records (EMRs) to
include patients whose treatment plans contained ritux-
imab or ATG. The data were collected from a review of
the medication records and nursing and providers’
notes. All end points were analyzed using descriptive
statistics.

Patients were included in the review if they were aged
>18 years, received rituximab or ATG at Atrium Health
Wake Forest Baptist in either an infusion clinic or the
inpatient setting for a hematology or oncology indica-
tion, and received >1 doses of 2-mg IV morphine for the
treatment of rigors. The exclusion criteria included re-
ceiving a medication other than morphine for the treat-
ment of the initial rigor event, rigors occurring after re-
ceiving a medication other than rituximab or ATG,
patients already meeting the inclusion criteria for a pre-
vious episode of rigors, and the use of morphine for an
indication other than rigors within the past 12 hours.

The primary study objective was to assess the efficacy
of IV morphine in stopping rigors associated with ritux-
imab and ATG treatments. For morphine, efficacy was
defined as the stopping of rigors after the administration
of IV morphine, without escalation to treatment with
meperidine and within 60 minutes of the first dose. Mor-
phine’s therapy benefit in >88% of the patients receiving
treatment for rigors was considered comparable with the
benefit of treatment with meperidine. The secondary
study objectives were to determine the dose of morphine
required to stop an episode of rigors, and to evaluate the
time to the resolution of rigors after the administration
of IV morphine or IV meperidine.

Results

From July 2016 through July 2019, 620 individual
patient charts were collected that included treatment
with rituximab (n=574) or with ATG (n=46). Of the 620
patients who received either rituximab or ATG, 57 met
the study’s inclusion criteria (rituximab, n=34; ATG,
n=23). Patients were primarily excluded from the study
because they did not have an episode of rigors or did not
require intervention for rigors. The incidence rates for
rigors in this 3-year period were 6% and 50% for ritux-
imab and ATG, respectively. Most of the patients were
aged between 60 years and 79 years and received ritux-
imab for the treatment of diffuse large B-cell lymphoma
or ATG for the prevention of graftversus-host disease
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IELICRN Patient Characteristics
Patients Patients
Overall receiving receiving
population, | rituximab, ATG,
Characteristic N=57 n=34 n=23
Male sex, n (%) 29(50.8) 20 (58.8) 9(39.1)
Age group, n (%)
18-39y 4(7) 2(5.9) 2(87)
40-59y 15(26.3) 8(235) 7(30.4)
60-79y 33(57.9) 19 (55.9) 14 (60.9)
280y 5(8.8) 5(14.7) 0(0)
Indication, n (%)
Graft-versus-host disease 23(403) 0(0) 23(100)
prophylaxis
Diffuse large B-cell lymphoma 15(26.3) 15 (44.1) 0(0)
Chronic lymphocytic leukemia 4(7) 4(118) 0(0)
Follicular lymphoma 3(5.3) 3(88) 0(0)
Other? 12(211) 12 (35.3) 0(0)
Rituximab treatment cycle, n (%)
First - 24 (70.6) -
Second - 2(59) -
Third = 8(235) =
4ndications include other B-cell lymphomas, acute lymphoblastic leukemia, acquired
hemophilia A, acquired factor VIl inhibitor, and IgM monoclonal gammopathy of
unknown significance.
ATG indicates antithymocyte globulin; IgM, immunoglobulin M.
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(Table 1). The patients who received rituximab were
more likely to have an episode of rigors during their first
treatment cycle (Table 1).

At the end of the study period, 1 patient in each treat-
ment group required escalation from IV morphine to IV
meperidine. The patient receiving rituximab who re-
quired escalation to IV meperidine did so after not re-
sponding to 2 doses of IV morphine (4 mg total) in a
30-minute period and had cessation of rigors after receiv-
ing 12.5 mg of IV meperidine. Meperidine was used in
one other patient who received ATG subsequent to
treatment with 1 dose of IV morphine (2 mg total); after
chart review, it was unclear why treatment escalation to
meperidine was required or why a second dose of mor-
phine was not administered instead.

As shown in Table 2, most of the patients who had
rigors after receiving treatment with rituximab had a re-
sponse to 1 dose of IV morphine, whereas more patients
who received ATG required a second dose of morphine
compared with the patients in the rituximab group. The

only adverse events (AEs) were in 2 patients who had fa-
tigue after they received IV morphine. Neither of the 2
patients who received treatment with meperidine had any
AEs. Because of a lack of standardized documentation,
the time to the resolution of rigors after receiving mor-
phine or meperidine could not be accurately assessed.

Concomitant opioid use was recorded for any opioid
dose given within 12 hours of the administration of ritux-
imab or ATG to evaluate if there was any impact on rig-
ors or on the response to morphine. There was no distin-
guishable difference in the incidence of rigors between
the patients who were already receiving opioids continu-
ously and the patients who were not already receiving an
opioid. However, of the patients who had rigors, most
did not receive treatment with opioids within the past 12
hours (75.4% vs 24.6% of those who did).

Of the 2 patients who required treatment escalation
to meperidine, the patient who received rituximab re-
ceived 4 mg of oral hydromorphone total within the past
12 hours, whereas the patient who received ATG had no
recent opioid exposure. Of the 14 patients who received
opioids, 9 received oxycodone (5-60 mg orally), 2 re-
ceived hydromorphone (0.6 mg IV in 1 patient who was
receiving oxycodone and 4 mg orally in the other pa-
tient), 2 received fentanyl alone (50-100 pg), and 3 re-
ceived tramadol (50-100 mg orally, 1 concurrently with
oxycodone). None of the patients received hydrocodone,
methadone, or morphine.

The receipt of morphine in the 12 hours before the
start of rigors was an exclusion criterion for this evalua-
tion; however, none of the patients were excluded from
this study for recent morphine use. Most of the patients
who received rituximab were premedicated with a 3-drug
regimen containing diphenhydramine, acetaminophen,
and a corticosteroid. The patients who received ATG
were premedicated with a 2-drug regimen containing di-
phenhydramine and a corticosteroid. Both of the patients
who required escalation to treatment with meperidine
had received the standard institutional premedications
for their respective agents. The corticosteroid premedica-
tion was omitted for only 4 of the 34 patients who re-
ceived rituximab. Of the 23 patients who received ATG
and had rigors, 1 patient did not receive premedication
with a corticosteroid. In general, when comparing the
patients who received all of the standard premedications
per our institution’s recommendations with the 5 pa-
tients who did not receive the standard premedications,
there was no discernible influence on morphine’s efficacy
in stopping rigors.

Discussion
There is a paucity of information regarding the treat-
ment of rigors associated with rituximab and ATG, with
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most data being extrapolated from patients who had
postanesthesia rigors. This retrospective analysis provides
supporting evidence that treatment with morphine is an
effective alternative to meperidine, and the use of mor-
phine may avoid the potential AEs associated with meper-
idine. However, this study was not designed to prove the
noninferiority of morphine versus meperidine because
there is a low rate of meperidine use at our institution.
Although there remains a concern for the accumulation
of morphine and meperidine in the setting of renal dys-
function, the primary concern for morphine accumula-
tion is respiratory depression, which treatment with me-
peridine in lieu of morphine would not mitigate, and
respiratory depression was not observed in this review.

Of the 57 patients who received morphine, fatigue
was the only AE documented, which occurred in 2 pa-
tients. Although no AEs were reported with the use of
meperidine in this study, utilization was too low to draw
any definitive conclusions. The inability to determine
the time to response for the treatment of rigors after
morphine administration also limits the assessment of
how quick a resolution can be achieved or expected.
However, most of the patients only required 1 dose of
morphine, and 8 of the 16 patients who received 2 doses
received the second dose of morphine at least 1 hour
after the first dose, which potentially results from the
resumption of treatment with rituximab or ATG and the
recurrence of rigors.

A strength of this study was the collection of concom-
itant opioid use, as it was unknown if actively receiving
opioids could impact whether patients had rigors or if
they would be less responsive to treatment with mor-
phine. However, a lack of response to morphine was not
observed in patients receiving other opioid medications;
only 1 of the 14 patients who received treatment with
opioids required treatment escalation to meperidine.

Limitations

A limitation of this study was the low number of pa-
tients who were able to be evaluated because of a lower
incidence of rigors after receiving rituximab in this study
population compared with historical rates in clinical tri-
als.* The low incidence of rigors after rituximab treat-
ment could be related to the cycle of treatment during
the time frame of the study; this study aligns with other
studies of rituximab in that there are higher rates of AEs
with earlier cycles compared with later cycles.* Also, dif-
ferences in supportive-care medications (eg, premedica-
tions and pain medications) could have resulted in a
lower number of events. However, although this study
has a small population, having only 1 patient in each arm
who did not achieve a response with morphine was
promising for the continued use of this protocol.

LU Effect of IV Morphine on Rigors
Patients,
Patient population n (%)
Overall population N=57
Stopped rigors with IV morphine 55 (96)
Resolution with 1 dose of IV morphine (2 mg total) 39(M)
Resolution with 2 doses of IV morphine (4 mg total) 16 (29)
Rituximab n=34
Stopped rigors with [V morphine 33(97)
Resolution with 1dose of IV morphine (2 mg total) 27(82)
Resolution with 2 doses of IV morphine (4 mg total) 6 (18)
Antithymocyte globulin n=23
Stopped rigors with [V morphine 22 (96)
Resolution with 1dose of IV morphine (2 mg total) 12 (55)
Resolution with 2 doses of IV morphine (4 mg total) 10 (45)
IV indicates intravenous.

One of the key secondary end points for this study
was to evaluate the dose of morphine that is required to
stop an episode of rigors. The standard protocol at this
institution is to administer 2 mg of IV morphine, fol-
lowed by another 2 mg of IV morphine if a response has
not been achieved. Comparatively, fewer patients in the
rituximab group required the additional 2 mg of IV mor-
phine than patients in the ATG group. Because there
was a low incidence of patients not responding to a sec-
ond dose of IV morphine, we currently feel that the
dosing schematic is appropriate for these patients. How-
ever, this study was not able to assess the severity of the
episode of rigors, which could theoretically have required
repeated doses of morphine or potentially a higher dose
of morphine to achieve an adequate response.

The other secondary end point of time to the resolu-
tion of rigors could also impact dosing decisions. One
limitation of this study was the inability to accurately
evaluate the patients’ time to response because there was
no standardized documentation in the EMR. Future
prospective studies could be performed with a short
monitoring form entered into the EMR to more accu-
rately take into account the severity of rigors and to
document the timing of the resolution of rigors to better
elucidate when a subsequent dose of morphine should
be administered.

Conclusion
This retrospective chart review provides supporting
evidence to continue the use of IV morphine as an alter-
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native to treatment with meperidine for rituximab- or
ATG-related rigors at our institution. The doses of mor-
phine that were used were well tolerated and are easily
accessible to nursing staff if stocked via automated drug
cabinets. Further studies could be performed to assess
the benefit of using morphine for the treatment of rigors
related to other chemotherapies or immunotherapies in
oncology.
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