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Abstract

Introduction: The incidence of acute pain after craniotomy differs remarka-
bly in previous studies, and the prevalence of persistent pain is not precisely
known. We conducted 6-month follow-up surveys on the incidence and in-
tensity of acute and persistent pain after elective craniotomy. Methods: We
carried out a prospective cohort study via a series of structured question-
naires to record acute pain intensity preoperatively and postoperatively, and
the incidence of persistent pain 3 and 6 months after a craniotomy in a ter-
tiary care center. Patients scheduled for elective craniotomy were interviewed
the day before surgery, postoperatively before discharge from the hospital,
and 3 and 6 months after surgery. Pain was assessed on a numeric rating scale
(0 - 10) at rest and movement, as well as expectations of pain before surgery,
efficacy of pain therapy, and satisfaction with pain treatment. The incidence
of adverse events, sleep time and interruptions caused by pain, different pain
types, and drugs used for pain treatment were also recorded. Results: A total
of 152 patients were enrolled in the study and completed the preoperative
questionnaire; 123 (81%) completed postoperative questionnaire and 108
(72%) completed the 3- and 6-month follow-ups. The average pain score at
the time of the postoperative questionnaire was moderate, 4 at rest and 5
upon movement. The percentage of patients experiencing mild pain at rest
and upon movement was 52% and 49%, and moderate pain was 15% and
16%, respectively. Severe postoperative pain was detected in 5% and 8% of pa-
tients at rest and upon movement, respectively. Three months after surgery, 6%
of patients reported mild pain at rest, 3% moderate pain at rest, and 1% severe
pain at rest. Persistent mild and moderate pain at rest after 6 months was re-
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ported by 3% and 1% of patients, respectively. The most common adverse
events were postoperative nausea and vomiting (11%) and abdominal dis-
comfort (8%). During postoperative pain treatment in the intensive care unit
or post-anesthesia care unit, 92% of patients received acetaminophen, 88%
fentanyl, and 24% oxycodone. During neurosurgical ward care, ibuprofen was
used in 61% of patients. Satisfaction with analgesia was high throughout the
study period with a median satisfaction score of 9 postoperatively and 10 at 3
and 6 months on the 0 - 10 scale. Conclusion: The findings indicate that
most patients experience moderate or mild pain after craniotomy, but patient
satisfaction with pain treatment is high. Persistent pain after 3 and 6 months
is rare and mild in nature.

Keywords

Craniotomy, Acute Pain, Persistent Pain, Pain Treatment, Adverse Events,
Neurosurgery

1. Introduction

For many years, it was believed that patients need fewer analgesics after cra-
niotomy procedures compared to other surgical treatments because of a retros-
pective study [1] in which pain after craniotomy was estimated as mild with low
analgesic requirements. This study was challenged by prospective studies, which
revealed that approximately 60% of patients undergoing elective intracranial
surgery had moderate to severe pain that was often treated inadequately [2] [3].
These studies led to better pain treatment with a multimodal and individually
tailored approach [4]. Insufficient treatment of postoperative pain after cra-
niotomy can predispose the patient to persistent pain, which is a major problem
for the patient and an economic challenge for public healthcare. Persistent pain
after craniotomy may lead to low quality recovery and increased healthcare cost.
The International Association for the Study of Pain defines chronic pain as pain
that persists after the normal tissue healing time, usually after 3 months [5]. The
other criteria for chronic pain are pain developing after the surgical procedure,
the pain that is a continuation of acute post-surgery pain, or pain that develops
after the asymptomatic period. Pain should be within the surgical side and other
causes of pain, such as infection or malignancy, should be excluded. The Inter-
national Headache Society published a classification of post-craniotomy head-
ache and the cut-off for persistent headache attributed to a craniotomy is also 3
months [6] [7]. Only a few studies have examined persistent pain after craniot-
omy [8] [9] [10], and there is a great discrepancy between studies in the inci-
dence of persistent pain.

We carried out a prospective, longitudinal series of questionnaires preopera-
tively, in the immediate postoperative days, and 3 and 6 months after intracrani-
al surgery. The aim of the present study was to evaluate the prevalence of acute

and persistent postsurgical pain after craniotomy within the surgical site. Patient
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expectations of pain before surgery and satisfaction with the pain treatment, the

efficacy of current pain therapy, and relevant adverse events were also recorded.

2. Patients and Methods
2.1. Study Design and Participants

All patients were informed of the study preoperatively and provided written
consent. Patients were considered eligible for the study when scheduled for elec-
tive craniotomy between 18 and 70 years of age. Patients who were unable to fill
out the form or verbally answer the questions or died during follow-up were ex-
cluded. When the research physician and coordinating research nurse were

available, all eligible patients during the 2-year period were asked to participate.

2.2. Data Collection

Patients scheduled for elective craniotomy were interviewed using the structured
questionnaire [11] four times: the day before surgery, postoperatively before
discharge from the hospital, and 3 and 6 months after surgery. Postoperative
questionnaires were answered within the first week after surgery depending on
the recovery of the patient with guidance from the study nurse if requested. Per-
sistent postsurgical pain was evaluated 3 and 6 months after surgery using a
standardized telephone interview by a research physician (T.M. or P.F.). Each
standardized questionnaire sheet included seven questions and six pictures of
the head for pain localization.

Pain was assessed on an 11-point numeric rating scale (NRS) at rest and upon
movement [12]. Zero indicated “no pain” and 10 “worst pain”. Pain was classi-
fied as mild with a score of 1 - 3, moderate with a score of 4 - 6, and severe with
a score of 7 - 10. Preoperatively, patients were asked how much pain they antic-
ipated after surgery and the pain intensity they were prepared to tolerate without
pain medication. Patients were asked to evaluate their satisfaction with pain
treatment on an NRS of 0 (very dissatisfied) to 10 (very satisfied). Patients were
asked to evaluate how well pain medication alleviated their pain on a NRS of 0
(no pain relief) to 10 (1 - 3 poor pain relief; 4 - 6 moderate pain relief; 7 - 10
good pain relief). Patients were asked to mark the pain location, and the type of
pain they anticipated preoperatively and experienced postoperatively on pictures
representing a human head from four angles. Four different types of pain were
given to choose from: sharp pain, burning sensation, hypersensitivity, and
numbness. The possible adverse effects of pain medications, such as gastric
complaints, fatigue, and nausea and vomiting, were also recorded. Patients were
also asked preoperatively to approximate their normal sleeping time and number
of awakenings during the night. Postoperative sleeping times and sleep distur-

bances were reported in all postoperative questionnaires.

2.3. Anesthesia and Postoperative Pain Treatment

Anesthesia was administered according to a standardized departmental protocol
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for neurosurgical patients. Oral premedication included 0.15 - 0.25 mgkg™ di-
azepam, up to 10 mg and 15 mg-kg™' acetaminophen, up to 2 g. Anesthesia was
induced using 0.1 mg-kg™' midazolam, 2 pg-kg™ fentanyl, and 2 mgkg™" propofol.
Neuromuscular blockade was achieved with 0.65 mgkg™ rocuronium or 0.15
mgkg™' cis-atracurium and was monitored throughout the surgery with stimula-
tion mode train-of-four (TOF; S/5™ monitor, GE, Healthcare, Helsinki, Finland).
Total intravenous anesthesia (TIVA) was used; anesthesia was maintained with
continuous infusion of propofol (2 - 4 mg-kg'-min™") and remifentanil (0.1 - 0.3
pg-kg'min~'). Routine monitoring included five-channel electrocardiogram
(ECG), radial artery pressure, capnography, pulse oximetry, central temperature,
and continuous monitoring of end-tidal carbon dioxide. Anesthesia depth was
monitored continuously by Entropy monitoring (M-Entropy™, GE, Finland)
with a target range of 40 - 60.

A cranial stabilization (Mayfield cramp) and head fixation system was used
routinely in all patients. Scalp infiltration at the incision site of 1% lidocaine with
adrenalin in the beginning and at the end of the procedure was performed in all
patients [13]. The standard craniotomy technique was used with the scalp mus-
cle turned as a single layer flap, preserving the superficial arteries. The skin inci-
sion was closed with surgical staples.

Anesthetics were discontinued in the operating room at the end of the surgery
and neuromuscular blockade reversed using neostigmine. Remifentanil was dis-
continued before extubation and 1 - 2 pg-kg™ intravenous fentanyl administered
before transporting the patient to the intensive care unit (ICU) or post-anesthesia
care unit (PACU). The routine pain management after surgery was not influ-
enced by the investigators. Acetaminophen (3 g per day) was continued post-
operatively, with intravenous fentanyl (1 - 2 ug-kg™") and intravenous oxycodone
at the patient’s request. Pain medication at the neurosurgical ward included 1 g
acetaminophen three times daily, oral ibuprofen and intramuscular oxycodone
as requested [14]. Pain medication consumption was recorded during the ICU
or PACU period and in the neurosurgical ward in the electronic medical records
system (Centricity™ Critical Care Clinisoft version 8.1, GE Healthcare and Ura-
nus™, CGI, Finland). The average ICU and neurosurgical ward length of stay
(LOS) was recorded. Before hospital discharge, all patients received a prescrip-
tion for acetaminophen and non-steroidal anti-inflammatory analgesic (NSAID;

ibuprofen).

2.4. Statistical Analysis

No formal sample size calculations were performed. We determined that ap-
proximately 100 patients completing all questionnaires would give a representa-
tive picture of typical craniotomy patients. Results are given as median (range)
or number of patients (percentage of patients) as appropriate. Chi-squared was
used for dichotomous variables. Acute and persistent pain scores were analyzed

by two-way analysis of variance (ANOVA) for repeated measurements with
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[ Enrollment ]

[ Follow-Up ]

[ Analysis ]

mixed design with Bonferroni correction. P < 0.05 was considered significant.
All statistical analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL,
USA).

3. Results

A total of 545 elective craniotomies were performed in our institution during the
2-year study period; 152 patients were included in the study and completed the
preoperative questionnaire. Of these patients, 123 (81%) completed the post-
operative questionnaire and 108 (72%) completed the 3 and 6-month follow-ups.
The study flowchart is presented in Figure 1. Most patients underwent cra-
niotomy due to intracranial tumors or vascular aneurysms. Demographic data
are presented in Table 1. Eighty-five patients were treated postoperatively in the
ICU and 23 in the PACU. The average ICU LOS was 22 h. After treatment in the
ICU and PACU, patients were transferred to the neurosurgical ward until they
were discharged home or to a lower-level hospital or rehabilitation center. The

average neurosurgical ward LOS was 5 days (range 2 - 9 days).

545 patients undergoing elective craniotomy
surgery

Excluded (n=393)
e Research staff not present
e Declined to participate
e Excluded because of age
criteria

A 4

A 4

Assessed for eligibility (n=152)

Excluded (n=29)
e Operation cancelled (n=6)
e Declined to participate (n=10)
e Otherreasons (n=13)

A 4

A 4

e Lost to follow-up (n=11)
e Exitus (n=2)
e Unable to complete the questionnaire

(n=2)

Analyzed (n=108)

Figure 1. Study flowchart.
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Table 1. Clinical characteristics and perioperative data of study population.

Gender (n) Male/Female 45/63
Age (years) 49+ 13
Height (cm) 170 + 9
Weight (kg) 79+ 16
BMI (kg/m?) 27 %5

Diagnosis (n)
Tumor 60
Aneurysm 34
Epilepsy 10
Other 4

Surgical approach (%)

Temporal 41

Frontal 32

Occipital 13

Parietal 8

Others 6
ICU or PACU length of stay (hour) 22+8
Neurosurgical ward length of stay (days) 5+4

Values are mean + SD or number of patients, BMI—body mass index. ICU—Intensive
Care Unit; PACU—Post-operative Care Unit.

3.1. Patient Expectations

On the preoperative questionnaire, the median pain that patients were willing to
tolerate without pain medication was moderate at rest and upon movement. The
maximum anticipated postoperative pain was worse at rest (NRS score 7) than
pain patients were willing to tolerate without pain medication (NRS score 6, P <
0.01 (Table 2). Half of the patients anticipated adverse effects of pain medica-
tion. The most common anticipated adverse effects were gastric complaints
(22%), fatigue (18%), and nausea and vomiting (17%). The normal median
sleeping time was 7 hours. Preoperatively, patients claimed to normally wake up

once per night.

3.2. Postoperative Questionnaire before Discharge from Hospital

Postoperatively, the percentage of patients experiencing no pain, mild pain,
moderate pain, and severe pain at rest was 28%, 52%, 15%, and 5%, respectively.
Upon movement, the percentage of patients experiencing no pain, mild pain,
moderate pain, and severe pain was 26%, 49%, 16%, and 8%, respectively. The
average pain score at the time of the postoperative questionnaire was 4 at rest
and 5 upon movement (Table 3). At the time of the postoperative questionnaire,
five and nine patients experienced severe pain at rest and upon movement, re-

spectively (Figure 2(a) and Figure 2(b)).
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Table 2. Preoperative expected intensity of pain after craniotomy at rest and upon
movement on an 11-point numeric rating scale (0 = no pain, 10 = worst pain). Values are
median (range).

At rest on movement
Pain willing to accept without medication 5(0-10) 5(0-10)
Expected-worst 4(0-10) 7 (0 - 10)
Expected-average 4(0-10) 5(0-10)

Table 3. Intensity of pain after craniotomy at rest and upon movement on an 11-point
numeric rating scale (0 = no pain, 10 = worst pain).

Atrest Pvalue On movement Pvalue
Average postoperative 4(0-10) 5(0-10)
The worst postoperative 7 (0 - 10) 6.5 (0 - 10)
3 months 0(0-7) <0.001 0(0-7) <0.001
6 months 0(0-6) 0.020 0(0-6) 0.008

During the hospital stay, 71% of patients woke up because of pain at least once
a night. The median number of waking times was 2. Fifty-three patients were
expecting an adverse effect related to postoperative pain medication; 34% and
7% of the patients who were and were not expecting an adverse effect preopera-
tively had an adverse effect postoperatively. The most common adverse effects
were nausea and vomiting (11%) and gastric complaints (8%).

The efficacy of pain relief with medication was better than expected; the me-
dian score was 9 compared to the expected pain relief value of 7 (P < 0.001).
Eighty-seven patients (80%) had good pain relief (NRS score > 6), but 6 patients

(5%) rated the efficacy of pain medication as poor.

3.3. Postoperative Pain Treatment

During the postoperative pain treatment in the ICU or PACU, 92% of patients
received acetaminophen, 88% received fentanyl, and 24% received oxycodone
(Table 4). During neurosurgical ward care, ibuprofen was used in 61% of pa-

tients.

3.4. Persistent Pain

The median pain scores 3 months after craniotomy were 0 at both rest and upon
movement (Table 3). We found a significant decline in pain scores up to 3
months (2 < 0.001). After 3 months, 6% of the patients reported mild, 3% mod-
erate, and 1% severe pain at rest (Figure 2(a)). The incidence of persistent mild
and moderate pain at rest was 3% and 1% after 6 months (Figure 2(b)). Satisfac-
tion with analgesia was high throughout the study period, with median satisfac-
tion scores of 9 postoperatively and 10 at both 3 and 6 months. The median effi-

cacy score for pain medications at 3 and 6 months was 10. At 3 and 6 months,
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Figure 2. Incidence and intensity of acute postoperative and chronic pain (3 and 6
months) after craniotomy. (a) At rest and (b) upon movement. Incidence is presented as
a percent of patients’ suffering pain. Intensity of pain was determined on a numeric rating
scale (NRS): no pain = 0; mild pain = 1 - 3; moderate pain = 4 - 6; severe pain = 7 - 10. (a)
Pain at rest; (b) Pain at move.

only 3 and 1 patients, respectively, rated the efficacy as poor (NRS < 4). At 3 and
6 months, 26% and 8% of patients, respectively, reported still waking up because
of pain at least once a night. Temporomandibular joint dysfunction was com-
mon at 3 months, as 12 (11%) patients complained of these problems. At 6
months, only two patients complained of dental problems and two patients had

consulted a dentist.
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Table 4. Postoperative pain medication.

Paracetamol (g) 99(92%) 22+1.0 21+1.0 101(94%) 13+63 25%09
Fentanyl (ug) 95 (88%) 274 +228 260208 0 (0%) 0 0
Oxycodone (mg) 26 (24%) 15+5 15+5 52 (48%) 13+22 2.5%+39

0 (0%) 0 0
3(2.7%) 100 100

66 (61%) 3.6+4.3 0.73 £ 0.82
0 (0%) 0 0

Ibuprofen (g)
Ketoprofen (mg)

The amount of analgesics administered during postoperative care in Intensive Care Unit
(ICU) or Post-operative Care Unit (PACU) and during neurosurgical ward care. Values
are mean (+SD).

3.5. Different Types of Pain

In the postoperative period, most of the patients perceived pain related to the
surgical wound in the temporal (41%) and frontal (32%) region, and less fre-
quently in other regions (occipital 13%, parietal 8%, and other 6%). Sharp pain
sensation in the incision site was the most common pain in the postoperative
period and was present in 68% of patients, followed by tenderness (14%).
Numbness was most common at the 3- and 6-month follow-ups (38% and 33%,
respectively).

A supratentorial surgical approach was used in 85.2% of the patients and

infratentorial in 15%.

3.6. Pain Treatment 3 and 6 Months after Surgery

At 3 months, 14 (13%) patients occasionally used NSAIDs and acetaminophen.
Two patients were using paracetamol-codeine tablets or tramadol sporadically.
One patient still needed oxycodone at 3 months. At 6 months, 15 (14%) patients
were using NSAIDs and acetaminophen sporadically. Two patients were using

acetaminophen-codeine tablets.

4. Discussion

In this prospective follow-up study, we were able to demonstrate that patients
undergoing craniotomy experience mostly mild, if any, pain postoperatively, but
one-fifth of the patients suffered moderate to severe pain after surgery. However,
the average pain was mostly mild to moderate at most, and many patients still
experienced severe pain at worst, waking up many times during the night due to
pain postoperatively.

Pain after craniotomy has many disadvantages for the patient’s recovery after
neurosurgery. Poorly controlled pain may lead to agitation, restlessness, vomit-
ing, and hypertension and may predispose the patient to postoperative bleeding
and persistent postoperative pain after surgery. In the current study, persistent
postoperative pain 3 and 6 months after craniotomy was rare. Only 4% of pa-
tients had moderate to severe pain on these occasions, but temporo-mandibular
dysfunction was more common, presumably because the surgical approach was

most commonly temporal. Limited mouth opening and temporal muscle atro-
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phy have been shown to occur after a craniotomy [15]. The main cause of li-
mited mouth opening is temporal muscle shortening and scarring [16]. Our data
showed that a considerable portion of patients had temporomandibular joint
dysfunction after craniotomy 3 months after surgery. However, a modified sur-
gical approach may not be an easy path forward in this regard, as reported pre-
viously [17].

Different timing of questionnaires, various types and locations of surgery,
ambiguous anesthesia methods, and inadequate reporting of pain therapy make
it difficult to compare the pain intensity between the current and previous stu-
dies in the literature. When comparing previous investigations after craniotomy,
post-surgical pain was less intensive in our study. There may be several reasons
for the difference. First, we did not inquire about postoperative pain immediate-
ly after surgery or on the first postoperative days. Post-craniotomy pain decreas-
es significantly over time after surgery, similar to other operative procedures [2]
[18] [19] and this was also the case in our study. Our assessment was performed
during the first week after surgery before leaving the hospital, which may have
diminished the pain evaluation compared to an inquiry immediately after sur-
gery. In addition, the surgical approach was supratentorial in most of our pa-
tients, and infratentorial procedures have been reported to induce more severe
pain and require more analgesics after surgery [2] [20] [21]. Furthermore, pa-
tients received strong opioids more liberally in the current study than in studies
with more intensive pain after craniotomy [2] [22]. Ninety percent of our pa-
tients received fentanyl or oxycodone during their ICU or PACU stay, whereas
50% of patients in the neurosurgical ward still received oxycodone for analgesia.
However, Gottshalk et al [2] reported that only 37% and 5% of patients received
intravenous opioids during the first and second postoperative day, respectively.
Unfortunately, many studies do not describe the analgesic medication in detail
or report the use of only weak opioids postoperatively [3] [19] [21] [23]. Finally,
our patient cohort was anesthetized by TIVA, which has been reported to result
in lower pain scores after craniotomy compared to sevoflurane [24].

All of these factors combined may have resulted in the lower pain scores in
our study compared to previous studies. It seems that strong opioids are needed
after craniotomy, as well as after other surgical operations, in order to guarantee
a satisfying level of analgesia. The risk of overly deep sedation and respiratory
depression seems to be low, at least in the ICU and PACU, where opioids can be
titrated, though our study was not designed to monitor these adverse events spe-
cifically.

Our results are in agreement with other prospective studies of acute pain after
craniotomy. In a small study [25] of 37 patients 48 h after craniotomy, 60% still
suffered from pain, and in 20% of the patients, the pain was moderate to severe,
similar to the figures in our study. In the 53 patients with intracranial aneurysm
[23] who underwent surgical treatment, the incidence of postoperative pain

during hospitalization (24 h - 7 days) was almost the same as in our study (55%).
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Mordhorst ef al [3] evaluated the intensity of postoperative pain after cra-
niotomy in 256 patients during the first 24 hours and reported that 32% of pa-
tients had mild pain, 44% moderate pain, and 11% severe pain at rest compared
to 52%, 15% and 5% with mild, moderate and severe pain in our study. The low-
er figures in our study most likely reflect differences in the timing of the question-
naire because pain medication was administered almost as liberally as in our
study, with 70% of patients receiving piritramide and 73% receiving non-opioid
analgesics. The pain intensity in this study was higher if patients received sevof-
lurane anesthesia compared to TIVA, and the probability of pain was increased
by 147% with sevoflurane [3].

Persistent pain was rare in our study compared to earlier studies. In the cur-
rent study, 6% of patients had mild pain and 4% moderate to severe pain at 3
months, and 4% of patients had mild to moderate pain 6 months after the opera-
tion. Miscellaneous surgical operations seem to result in persistent pain in 5% -
50% of patients, with pain being severe in 2% - 10% of those patients [26]. The
incidence of persistent post-craniotomy headache in our study differed largely
from previous investigations [27]. However, there have been very few prospec-
tive follow-up studies of persistent pain after craniotomy. The reported inci-
dence of persistent pain after craniotomy is 18% - 29% after supratentorial cra-
niotomy, but much higher figures have been reported after acoustic neuroma
resection, with an incidence of 33% - 44% [28]. Acoustic neuroma patients were
not included in the current study. In a retrospective study of a patient popula-
tion similar to ours [29], one-fifth of the patients had persistent pain 3 to 6
months after surgery. Similarly, Kaur found a 17% incidence of persistent post-
operative headache 2 months after anterior temporal lobectomy for epilepsy [8].
The difference in the incidences between our study and previous studies are
likely due to differences in the surgical approach, different definitions of persis-
tent pain, and the retrospective nature of many studies. In any case, the inci-
dence of persistent post-craniotomy pain found in the current study seems
reassuringly low. We are confident of the robust nature of our results because
one of the authors personally contacted every patient involved by phone. There-
fore, the figures in the current study seem to be reliable and the incidence of
persistent post-craniotomy pain appears to be rather low, though comparable to
previous studies, such as that reported for persistent pain after sternotomy [11].

Postoperative nausea and vomiting is another common problem after craniot-
omy, as three-fourths of patients experience it without prophylaxis and every
other if ondansetron is prophylactically administered [30] [31]. In the present
study, only 11% of patients reported experiencing postoperative nausea and vo-
miting at the time of the postoperative questionnaire, presumably because of
liberal administration of antiemetics, such as ondansetron, in the ICU and neu-
rosurgical ward [32].

The current study has several strengths. First, we studied postoperative pain
prospectively in a relatively large number of patients and followed the patients

rigorously up to 6 months after surgery. In addition, postoperative pain medica-
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tions were recorded, as well as anesthesia methods, indications, and surgical ap-
proach.

However, this study has also some limitations. Firstly, this inquiry was a single
center study and the timing of the questionnaire did not allow us to evaluate the
postoperative pain in the first 24 hours after surgery, which presumably de-
creased the intensity of pain compared to inquiries accomplished immediately
after surgery [18]. Furthermore, persistent pain was rare in our cohort and we
were not able to identify the possible risk factors for persistent pain. The evalua-
tion of persistent pain was limited to 6 months postoperatively.

Future studies should be conducted to recognize patients at risk of developing
persistent postoperative pain after craniotomy. Patients were highly satisfied
with the pain therapy, even though they experienced moderate to severe pain
during the first postoperative days. Our results highlight the need to assess pain
quantitatively after craniotomy and treat it actively, with strong opioids if ne-
cessary, and indicate that we can inform patients scheduled for craniotomies to
expect moderate to severe pain only during the early recovery period and that

persistent pain is rare.

5. Conclusion

Patients experienced mostly mild or no pain after craniotomy, but one-fourth of
the patients still experienced moderate to severe pain and needed strong opioid
medication after surgery. Persistent pain was rare after 6 months. According to
our results, post-craniotomy pain may be less intense than previously reported

and very seldom results in persistent pain except in special types of surgery.
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