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Pain scores were collected after minimally invasive radio-guided parathyroidectomy.
Overall analgesic efﬁcacy of intravenous acetaminophen (1 g) and ketorolac (30 mg) were similar.
Patients receiving ketorolac had lower pain scores than those receiving acetaminophen between 45 and 75 min postoperatively.
Lower occurrence of nausea was experienced in the ketorolac group.
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a b s t r a c t
Background and methods: Minimally invasive parathyroidectomy requires limited analgesia and short
recovery times. The preferred post-operative analgesic regimen for this patient population has not been
established but non-narcotic components would be quite appropriate. The aim of the study was to determine whether intravenous (IV) acetaminophen (1 g) or ketorolac (30 mg) provide better pain control
after parathyroidectomy. A parallel, randomized, double blind, comparative study was completed on
180 patients scheduled for outpatient parathyroidectomy utilizing general anesthesia. Patients were
randomized to a blinded administration of either intravenous acetaminophen 1 g or ketorolac 30 mg intraoperatively. Upon arrival but before premedication, baseline pain scores were assessed in all patients. A
consecutive series of postoperative pain scores were collected every 15 min using a 10 cm visual analog
pain scale (VAS) upon arrival to the post anesthesia care unit (PACU) until discharge by blinded study
personnel. Other data collected included: anesthesia time, surgical time, time to discharge, supplemental
morphine and postoperative side effects.
Results: Overall mean postoperative VAS scores were not signiﬁcantly different between the two treatment groups (p = 0.07). However, ketorolac produced signiﬁcantly lower pain scores compared with
acetaminophen in the later postoperative periods (3.9 ± 1.9 vs. 4.8 ± 2.4 at 45 min, p = 0.009; 3.4 ± 1.7
vs. 4.5 ± 2.1 at 60 min, p = 0.04; and 3.2 ± 2.1 vs. 4.4 ± 2.1 at 75 min, p = 0.03). Supplemental morphine
was administered to 3 patients in the ketorolac group and 9 patients in the acetaminophen group but
total consumption was not signiﬁcantly different between groups (p = 0.13). The occurrence of nausea
was signiﬁcantly lower in the ketorolac group compared with the IV acetaminophen group (3.4% vs.
14.6%, respectively; p = 0.02). The overall incidence of morphine supplementation, vomiting, headache,
muscular pain, dizziness, and drowsiness were not signiﬁcantly different when compared between the
treatment groups.
Conclusions: Both postoperative regimens provided adequate analgesia but patients receiving ketorolac
intraoperatively had signiﬁcantly lower pain scores at later recovery time points and signiﬁcantly lower
occurrences of nausea.
Implications: The large volume of patients undergoing parathyroidectomies at our facility warranted a
study to develop a standardized postoperative analgesic regimen. We conclude both medications can be
utilized safely in this patient population, but there is a slight advantage in pain control with the usage of
ketorolac for minimally invasive parathyroidectomies.
© 2013 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction
The gold standard for treatment of primary hyperparathyroidism is parathyroidectomy [1,2]. In our pioneered technique,
minimally invasive and radio-guided parathyroid (MIRP) surgery,
there is short operating times with cure rates over 99% [2–4].
Despite less perceived pain with MIRP compared with traditional
parathyroidectomy techniques, the preferred regimen for postoperative pain relief has not been established and is often determined
by the preference of the anesthesia provider or drug availability.
This minimally invasive surgery lends itself well to an opioidfree pain regimen, beneﬁting the patient with less serious side
effects and cheaper costs. Currently two non-opioid analgesics,
intravenous acetaminophen (Oﬁrmev, Cadence Pharmaceuticals,
Inc., San Diego, CA) or ketorolac (Toradol, Hospira, Baxter), are used
intra-operatively for postoperative pain management in our ambulatory setting.
Ketorolac, a non-steroid anti-inﬂammatory drug (NSAID), is
indicated for pain control, fever and inﬂammation and has shown
to decrease narcotic usage and side effects [5]. Ketorolac however, has been shown to induce platelet dysfunction and increased
incidence of hematoma after thyroid surgery [6,7]. Recently FDA
approved (USA), intravenous acetaminophen, an anti-pyretic, nonNSAID analgesic agent obtains a faster and more effective onset
compared with orally or rectally administered acetaminophen [8].
Several studies have noted its clinical beneﬁt by providing reduced
pain scores, opioid consumption, and postoperative side effects
when used as a postoperative analgesic [9].
The purpose of this study was to establish an optimal postoperative pain regimen for patients undergoing minimally invasive
parathyroidectomy while limiting associated side effects. The primary objective of this study was to a compare postoperative Visual
Analog Scale (VAS) pain scores for two current analgesic regimens
at our institution: intravenous administration of either ketorolac
30 mg or acetaminophen 1 g.
2. Methods
The study was approved by the Institutional Review Board
(IRB) at the University of North Florida. Signed informed consent
was obtained from each patient. This was a prospective, parallel, randomized, double-blinded, quantitative analysis study of 180
subjects scheduled for an ambulatory, minimally invasive parathyroidectomy procedure at a level 1 trauma hospital. All patients were
screened and enrolled between February 2012 and June 2012.
All subjects that were scheduled to receive a primary parathyroidectomy were evaluated for eligibility. Adults, older than 18
years of age, American Society of Anesthesiologists (ASA) physical status I–III were included in the study. Patients diagnosed with
coagulopathy, liver or kidney impairment, allergy to NSAIDS, opioids, or local anesthetics, opioid/alcohol abuse, or recent infections
were excluded from the study.
2.1. Randomization and blinding
On the day of admission, all patients were randomized in
the preoperative holding area. Using a stratiﬁed random block
design, the participants were stratiﬁed by age (≤60 or >60) and
gender, and assigned randomly 1:1 to receive one of the following treatments for postoperative analgesia (90 patient/group):
Acetaminophen 1 g given intravenously over 15 min at the start
of the procedure or ketorolac 30 mg administered intravenously
over 5 min at the time of closure of the inner fascia (approximately ﬁfteen min before the end of surgery). The dosing time was
based on the standard method of administration at out facility. The

difference from the end of the acetaminophen infusion (15 min
after the start of the case) and beginning of the ketorolac infusion (closing of the fascia) was calculated and averaged for each
procedure.
The study pharmacist and administering anesthesiologist were
the only unblinded staff for the study. A randomization schedule
was provided by a biostatistician and delivered to the research
pharmacist. The treatment allocation was completed by the
research pharmacist who assigned the patient to the next available
treatment on the randomization list according to age and gender
and prepared the study drug. The study medications were delivered to the operating room by the study staff in blinded containers.
No study members were in the operating room during the time of
the procedure. Each study drug was administered intraoperatively
as standard of care. Intraoperative notes in the electric medical
records were listed as ‘ketorolac/oﬁrmev given’ in order to maintain
the study blind.

2.2. Anesthetic regimen
Preoperatively, all patients were given 2 mg midazolam, and
4 mg of ondansetron intravenously. Anesthesia was induced with
intravenous lidocaine 50 mg, followed by propofol 200 mg, fentanyl 50–100 g intravenously, and a laryngeal mask airway (LMA)
was placed. General anesthesia was maintained with sevoﬂurane
1–3% in oxygen enriched air with 1.5–2 minimal alveolar concentration (MAC) and mean arterial pressure (MAP) was maintained at
≥65 mmHg in all patients.
2.3. Pain assessment
The participant’s pain level was assessed immediately upon
PACU arrival by the study staff and was reassessed every 15 min
until discharge using a 0–10 cm Visual Analog Pain Scale (VAS).
Patients that complained of pain intensity >5 cm/10 cm, were given
2–4 mg morphine IV up to a max dose of 10 mg as needed every
10 min or until a VAS of <5 was obtained. Concurrently, any postoperative side effects or supplemental narcotic usage in the PACU
were noted by study personnel with the assistance of the nursing
staff.

2.4. Sample size and statistical analysis
The primary objective of the study was to determine if there
was a difference in repeated, self-reported, postoperative VAS
scores. A minimum of 180 patients (90 per group) was necessary to achieve 80% power to detect a difference of means of
0.5 on the 10 cm VAS scale in a design with 5 repeated time
measurements, under the assumed common standard deviation
of 1.3 [10], the correlation between observations on the same
subject of 0.8, and the alpha level of 0.05. The secondary endpoints were to compare the following outcomes between the two
study treatment arms: the total amount of supplemental analgesia
consumed during the postoperative period, incidence of postoperative nausea, vomiting, bleeding, sedation and other adverse
events.
Comparison of repeated VAS scores between groups was analyzed using a mixed model adjusted for stratiﬁed variables.
Nominal data were analyzed with 2 or Fisher’s exact test. Student’s t-test was used for continuous data (expressed as mean
standard deviation (SD)), and Wilcoxon rank sum test was used for
non-normally distributed data. A p-value of less than 0.05 was considered statistically signiﬁcant. All data were analyzed using Stata
11.2 (StataCorp LP, College Station, TX).
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Fig. 1. CONSORT recommended description of patient recruitment to analgesic efﬁcacy of ketorolac vs. acetaminophen randomized, double-blind, active-controlled trial at
Tampa General Hospital, Tampa, Florida, USA. *Patients were given both study medications.
Table 1
Patient demographics and surgical time points.

Age (years)
Gender (female)
Height (cm)
Weight (kg)
BMI (kg/m2 )
Length of surgical procedure (min)
Thyroid nodule removal (N)
Anesthesia time (min)
Length of PACU stay (min)

Ketorolac (N = 86)

Acetaminophen
(N = 89)

60.8 ± 9.8
68 (75.5)
168.9 ± 9.4
79.9 ± 16.3
28.1 ± 6.0
40.2 ± 16.4
21
68.5 ± 14.8
70.5 ± 32.7

58.8 ± 10.5
67 (74.4)
166.9 ± 9.4
80.2 ± 20.4
28.7 ± 7.0
41.5 ± 18.2
22
70.6 ± 18.5
72.2 ± 30.7

Data presented as N (%) or mean SD.

3. Results
A total of 180 patients were enrolled into the study. Fig. 1
presents the CONSORT ﬂow diagram [11] on patient participation
and reasons for non-participation. Five patients were withdrawn
for the following reasons: admittance to the hospital following a
required total thyroidectomy for concomitant thyroid cancer (1),
wrong medication given (3), and re-operation (1). Demographic
data such as age, weight, and height are displayed in Table 1. The
comparability of the groups was found to be adequate as there were
no statistically signiﬁcant differences in preoperative VAS scores,
length of anesthesia, or length of surgery (Table 1). The removal

of one or more thyroid nodules during the parathyroid operation
via nodulectomy, partial thyroid lobectomy, or total lobectomy
occurred in 24% of patients at a rate which was similar for each
group (Table 1). The mean time between the intraoperative administration of the two analgesics was 14.6 min. Concomitant thyroid
resection increased the duration of the operation an equal amount
in both groups (mean 5.5 ± 3.1 min), but had no effect on postoperative pain measurement compared with those not having any
thyroid resection.
The main objective of this study was to assess a series of repeated
VAS scores measured over the length of the entire recovery period
to determine if one analgesic was superior to the other in regards
to pain relief. The VAS scores are depicted in Fig. 2. Although there
was a signiﬁcant interaction between time and drug administered
(p = 0.001), there were no overall signiﬁcant differences between
VAS scores in the ketorolac and acetaminophen groups across the
time points (p = 0.07). The VAS scores at postoperative time points
0, 15, and 30 min were not signiﬁcantly different between the
ketorolac and acetaminophen groups. However, the postoperative
VAS scores reported at the 45, 60 and 75 min time points were
signiﬁcantly lower in patients who received ketorolac (3.9 ± 1.9
vs. 4.8 ± 2.4 at 45 min, p = 0.009; 3.4 ± 1.7 vs. 4.5 ± 2.1 at 60 min,
p = 0.04; and 3.2 ± 2.1 vs. 4.4 ± 2.1 at 75 min, p = 0.03). The differences in repeated VAS scores were assessed using a mixed model.
Postoperative morphine requirements and complications are
presented in Table 2. The number of patients that required postoperative morphine supplementation in the acetaminophen group
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Fig. 2. Change in mean postoperative VAS scores for patients treated with ketorolac (solid line) 30 mg and or acetaminophen (dotted line) 1g from baseline (PACU
arrival) to minute 75 (PACU discharge). A p-value ≤0.05 was considered statistically
signiﬁcant (*). Data are represented as mean ± SD. The differences in repeated VAS
scores were assessed using a mixed model.
Table 2
Post-operative morphine requirements and incidence of side effects.

Morphine requirements
Morphine consumed (mg)
Nausea
Vomiting
Headache
Muscular pain
Dizzy
Drowsy
Confused

Ketorolac (N = 86)

Acetaminophen
(N = 89)

p-Value

3 (3.3)
0 (0–6.7)
3(3.4)
3 (3.4)
5 (5.8)
3 (3.4)
2 (2.3)
2 (2.3)
0(0)

9 (10.1)
0(0–4)
13(14.6)
3 (3.4)
7 (7.9)
2 (2.2)
1 (1.1)
1 (1.1)
1 (1.1)

0.13
0.31
0.02*
1
0.77
0.68
0.62
0.62
1

Data presented as N (%) or median (range).
*
p-Value < 0.05 is statistically signiﬁcant.

(9 patients or 10.1%) compared with the ketorolac group (3 patients
or 3.3%), was not signiﬁcantly different (p = 0.13). The occurrence
of nausea was signiﬁcantly greater in the acetaminophen group
compared with the ketorolac group (p = 0.02). Only two incidences
of nausea were attributed to morphine use. The overall incidence
of other postoperative side effects such as vomiting, headache,
muscular pain, dizziness, and drowsiness were not signiﬁcantly
different when compared between the treatment groups.
4. Discussion
Our primary objective was to evaluate postoperative pain using
non-opioid analgesics that are currently used in our practice. In
the immediate postoperative period (0–30 min), pain scores were
not signiﬁcantly different between the ketorolac and intravenous
acetaminophen groups; however pain scores were signiﬁcantly
lower in the later postoperative period (45, 60 and 75 min) in the
group of patients who received ketorolac.
There are some differences in the pharmacological characteristics of ketorolac and intravenous acetaminophen. The peak plasma
concentration (Cmax ) of ketorolac occurs within forty ﬁve min, and
a mean terminal elimination half-life (t1/2 ) of 5 h [3]. Intravenous
acetaminophen is administered over 15 min with an onset of action
in ten min, a Cmax of less than thirty min, and t1/2 of 2–4 h [12].
Hong et al. conducted a prospective, randomized, double blinded study, and evaluated postoperative pain in 124

women undergoing an endoscopic thyroidectomy [13]. A placebo
group was compared with a group who received one gram of
acetaminophen (paracetamol) as a 100 ml solution infused over
15 min 1 h before the induction of anesthesia and then at 6 h intervals for the following 24 h. Pain scores were signiﬁcantly lower at
postoperative hours 1, 3, 6, and 24 in the acetaminophen group
when compared with the placebo group. The results also indicated
that intravenous acetaminophen reduced overall opioid requirements and provided effective analgesia [13].
Gehling et al. performed a randomized, double blinded, study
of 140 patients which compared the effects of intravenous
acetaminophen and parecoxib, or their combination for treatment
of postoperative pain in patients who underwent thyroid surgery
[14]. The results of this study indicated no differences in postoperative pain when the study groups were compared with placebo.
Both medications effectively decreased the use of opioid requirements in the postoperative setting. When these medications were
given in combination, no further decline in opioid use was observed
[14].
Lee et al. performed a randomized, prospective, active, and
placebo controlled trial [10]. The study included 80 participants
who underwent parathyroidectomies; twenty patients received 1g
intravenous acetaminophen, 20 patients received 30 mg IV ketorolac, 20 patients received 700 mg intravenous acetaminophen with
3 mg IV morphine, and 20 patients received a placebo. The results
revealed signiﬁcantly lower VAS scores as well as less rescue opioid
administration in all groups except the placebo group. No statistical
differences in patient satisfaction regarding pain relief in the three
active drug study groups were observed [10].
Achieving pain management without opioid induced side effects
of postoperative nausea and vomiting is one major advantage
of non-opioid analgesics. Although noted as an observed side
effect with its use, most clinical trials studying intravenous
acetaminophen state a reduction of postoperative nausea and
vomiting when compared with opioids [15]. The observed postoperative complications in the present study revealed a signiﬁcantly
greater occurrence of nausea in the cohort that received intravenous acetaminophen compared with ketorolac (14% vs. 3%;
p < 0.02). Morphine consumption in the current study was minimal
and no correlation was found between the occurrences of nausea
and its use for supplemental analgesia.
A limitation in this study is the administration times of the two
intraoperative analgesics. These however were based on standard
practices of care and were administered less than 15 min apart.
The timing and dose of ketoralac administered might explain the
later onset of postoperative analgesia in these patients, vs. the earlier onset of analgesia after intravenous acetaminophen. Another
limitation was short postoperative recovery times, however the
minimally invasive nature of our procedure allows patients to be
discharged the same day (within 75 min after surgery), reducing the
observable timeframe for postoperative analgesia. Additionally, the
combination of both analgesics may be superior to either ketorlac
or acetaminophen alone, but the adequate pain scores observed
with this procedure do not warrant further studies evaluating
this.

5. Conclusions and implications
Despite these limitations, our results show previously unknown
data regarding two non-opioid analgesics. The adequate analgesia observed in both groups conﬁrms that non-opioid treatment is
effective for this ambulatory procedure. In conclusion, we observed
analgesia with both postoperative regimens, with slight superiority
for ketorolac which provided better pain relief at later time points
and less nausea compared with intravenous acetaminophen.
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