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Abstract

Background: Cancer patients undergo numerous invasive diagnostic procedures. However, there 

are only sparse data on the characteristics and determinants for procedure-related pain among 

adult cancer patients.

Methods: In this prospective study, we evaluated the characteristics and determinants of 

procedure-related pain in 235 consecutive hematologic patients (M/F:126/109; median age 62 

years, range 20–89 years) undergoing a bone marrow aspiration/biopsy (BMA) under local 

anesthesia. Questionnaires were used to assess patients before-, 10 min and 1–7 days post BMA. 

Using logistic regression models, we calculated odds ratios (ORs) and 95% confidence intervals 

(CIs).

Results: 165/235 (70%) patients reported pain during BMA; 92 (56%), 53 (32%) and 5 (3%) of 

these indicated moderate [visual analogue scale (VAS) ≥ 30 mm], severe (VAS>54mm) and worst 

possible pain (VAS = 100 mm), respectively. On multivariate analyses, pre-existing pain (OR = 

2.60 95% CI 1.26–5.36), anxiety about the diagnostic outcome of BMA (OR = 3.17 95% CI 1.54–

6.52), anxiety about needle-insertion (OR = 2.49 95% CI 1.22–5.10) and low employment status 

(sick-leave/unemployed) (OR = 3.14 95% CI 1.31–7.55) were independently associated with an 

increased risk of pain during BMA. At follow-up 10 min after BMA, 40/235 (17%) patients 

reported pain. At 1, 3, 6 and 7 days post BMA, pain was present in 137 (64%), 90 (42%), 43 

(20%) and 25 (12%) patients, respectively.

Conclusions: We found that 3/4 of hematologic patients who underwent BMA reported 

procedural pain; one third of these patients indicated severe pain. Pre-existing pain, anxiety about 
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the diagnostic outcome of BMA or needle-insertion, and low employment status were independent 

risk factors.

THE prevalence of pain in patients with cancer, regardless of the stage of the disease, has 

been found to be substantially higher than the general population.1-3 Indeed, pain is one of 

the major distressing symptoms in patients with a malignant disease.4,5 Anxiety is also 

common in people when diagnosed with cancer.6 In cancer patients, as well as in non-cancer 

patients, it is well known that pre-existing pain often amplifies the pain experience after 

surgery7 and that pain perception can be intensified if accompanied by anxiety.8,9 Further-

more, surgery 10,11 and diagnostic procedures12 have also been reported to trigger long-

lasting pain.

Cancer patients are frequently exposed to various invasive diagnostic procedures during the 

initial work-up and during the course of illness. Previous studies focusing on childhood 

cancer have shown that children fear medical procedures13 and that procedure-related pain is 

difficult to alleviate, even more difficult than cancer-related pain.14,15 Conversely, few 

studies have assessed procedure-related pain and particularly the factors associated with 

procedure-related pain in adult patients with cancer (Table 1).16-22

To increase our understanding on the characteristics and determinants of procedure-related 

pain among adult patients with cancer, we have conducted a large and comprehensive 

prospective study focusing on hematologic patients who underwent a bone marrow 

aspiration/biopsy (BMA) under local anesthesia.

Methods

Sample

The data collection periods were from May 1 to June 30, 2004, and September 1 to October 

30, 2004. Two hundred thirty-five (median age 62 years, range 20–89 years, Table 2) of 263 

consecutive adult patients who were scheduled for BMA at the outpatient clinic at Division 

of Hematology, Karolinska University Hospital, were included. Patients could only be 

enrolled once. Thirty-three patients were excluded due to: difficulties in understanding the 

Swedish language (n= 13), unwillingness to participate (n= 7), late arrival (n = 5), sedative 

medication (n = 2) or fainted (n = 1) before BMA. Pre-existing pain was present in 101 of 

included patients and 44 patients had taken pain medication the same day as the BMA 

(Table 2). The study was approved by the Regional Ethics Committee in Stockholm.

Procedures

Patients were invited to participate in the study by one of the authors (Y. L.). Informed 

consent was obtained from all included patients before study enrollment. Self-administered 

questionnaires were used to collect data before and 10 min after the BMA. The participants 

were also requested to answer questions by telephone 1 week after BMA.

BMA.—Nine attending hematologists and seven hematology fellows performed 61 and 174 

of the BMAs, respectively. Individuals, who were scheduled for BMA for the first time, 

received mail with written information about BMA procedures before their visit. At the visit, 

Lidén et al. Page 2

Acta Anaesthesiol Scand. Author manuscript; available in PMC 2019 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



all patients were informed orally about the BMA procedure by the same physician who 

performed the BMA. According to the standard clinical praxis at Karolinska, no 

premedication were commonly used. As pain relief, a local anesthetic (Lidocaine 1% 10–20 

ml) was given subcutaneously as well as through periostal infiltration. Five minutes after the 

local anesthetic was administered, BMA was carried out using an aspiration needle 15 G × 

2.7 in. and/or a biopsy needle 11 G × 4 in. (Medical Device Technologies Inc. Gainesville, 

FL). A registered nurse was assisting the physician.

Data collection

Clinical information and measures of pain, discomfort and anxiety.—Using a 

standardized data entry form, the physician performing the BMA noted predefined clinical 

information regarding the patient. Using questionnaires, we obtained self-reported 

information from the patients about presence/absence of pain, discomfort and anxiety (the 

response options were: yes/no). The intensities of pain, discomfort and anxiety were 

measured with visual analogue scales (VAS) ranging from 0 to 100 mm with one statement 

in each range: 0 mm = no pain and 100 mm = worst possible pain, 0 mm = no discomfort 

and 100 mm = worst possible discomfort and 0 mm = no anxiety and 100 mm = worst 

possible anxiety. The participants were requested to mark the point at the line that best 

agreed with how the pain, discomfort and anxiety were experienced. The intensity of pain 

scored > 30 mm on VAS was considered to be equal to moderate pain and VAS > 54 mm to 

be equal to severe pain.23

Questionnaires before BMA.—A study-specific questionnaire was used including 

questions concerning height and weight, pain in daily life (pre-existing pain), pain before 

BMA, whether pain medication was taken the same day as BMA and anxiety about the 

BMA needle-insertion and anxiety about the diagnostic outcome of BMA. Questions 

regarding pre-existing pain were adopted from the Karolinska Hospital Pain Questionnaire.
12,24

Anxiety was measured with Stait Trait Anxiety Inventory (STAI)25, which is a well-

validated and reliability-tested instrument.26 STAI is composed of two forms, STAI-S and 

STAI-T, with 20-item scales each. STAI-S measures the subject’s level or state of anxiety at 

a particular moment in time, whereas STAI-T refers to the trait or the general feelings of 

anxiety-proneness. The total score for each form has a range from 20 to 80 points; a higher 

score indicates a higher level of anxiety.

Demographic data were collected with a questionnaire27 with items concerning sex, age, 

marital status, foreign background, employment status, education level and perceived 

economical status.

Questionnaires 10 min after BMA.—Ten minutes after BMA, a study-specific 

questionnaire was administered including questions about: pain during BMA and BMA-

related pain 10 min after BMA, discomfort during BMA, satisfaction with the pain 

management, whether information about BMA was received and whether the patient had 

undergone a BMA previously.
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Telephone interview 1 week after BMA.—One week after BMA, an individual 

structured telephone interview was conducted by one of the authors (Y. L.). The patients 

were asked about the occurrence of BMA-related pain and pain intensity at 1, 3, 6 and 7 

days following BMA. The patients were also asked about the use and type of medication for 

BMA-related pain.

Testing of the study-specific questionnaires.—Before the start of the study, the 

study specific questionnaires were revised by an expert group including attending physicians 

and registered nurses specialized in hematology or pain management. Also, a group of 24 

patients with prior experience of invasive medical procedures were asked to comment on the 

clarity of questions, resulting in changes in a few questions.

Statistics

Before the start of the study, a power analysis was performed using a two-tailed χ2 test. A 

difference of 20% was considered as the smallest effect size of clinical relevance to detect 

between the two variable groups: anxiety and pain during BMA vs. no anxiety and pain 

during BMA. α was set to 0.05. With a sample size of 93 persons in each group, the study 

would have a power of 80% to yield a statistically significant result. An attrition rate of 20% 

was estimated and an accrual of 233 patients was planned.

Differences between groups were assessed with the Mann-Whitney U-test or the Kruskal-

Wallis test. Proportions were compared with the χ2 test. Spearman’s rank-order correlation 

coefficients were used to describe the relation between the STAI-S score and VAS scores for 

anxiety. A positive correlation coefficient between 0.10 and 0.29 was regarded as small, 

between 0.30 and 0.49 as medium and between 0.50 and 1.00 as large.28

A forward stepwise logistic regression was applied to estimate the probability of occurrence 

of pain during BMA. Univariate logistic regression analyses were performed to select 

variables to be tested for inclusion in the multivariate model. All factors with a P-value<0.05 

were entered; see Table 3. The a priori selected term sex was also included. Estimated odds 

ratios (OR) with confidence intervals (CI) were calculated. The statistical calculations were 

performed using of the software Stat View 5.0.1 and SPSS 14.0.

Results

Procedure-related pain

Among study participants, 165 patients (70%) reported pain during BMA, with a median 

VAS of 37 mm. In patients who reported BMA-related pain, 92 patients (56%) indicated 

moderate pain (VAS ≥ 30 mm), 53 patients (32%) reported severe pain (VAS > 54 mm) and 

five patients (3%) experienced the worst possible pain (VAS = 100 mm). At follow-up 10 

min after BMA, 40/235 (17%) patients reported BMA-related pain with a median VAS of 

31.5 mm (Fig. 1). At the subsequent follow-up 1, 3, 6 and 7 days post BMA, pain was 

present in 137 (64%), 90 (42%), 43 (20%) and 25 (12%) patients, respectively, with a 

median VAS ranging between 15 and 30 mm (Fig. 1). Twenty of 64 patients (31%) who did 

not report pain during BMA and 10 min after BMA reported pain at least on one occasion 17 

days post BMA. There were no statistical differences in the clinical characteristics 
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(including platelet counts) between patients who experienced an immediate BMA-related 

pain and patients who developed pain at day 1–7 (data not shown). Sixty-two patients took 

pain medication due to BMA-related pain on one or several occasions after BMA (non-

opioids n = 49, opioids n = 6, combination of non-opioids and opioids n = 5, adjuvant drugs 

and non-opioids n = 2).

Procedure-related discomfort

Discomfort during BMA was reported by 137 patients (59%, VAS median 40 mm, range 2–

100 mm). Seventy four percent of patients who reported BMA-related pain mentioned 

discomfort during BMA compared with 21% of patients who did not report BMA-related 

pain (P< 0.0001). Patients reporting both pain and discomfort during BMA reported a higher 

pain intensity compared with patients who experienced pain but no discomfort (VAS median 

42 mm vs. 25 mm, P = 0.027).

Factors associated with procedure-related pain

The association between occurrence of pain during BMA and potential predictive factors is 

outlined in Table 3. The variables that were significantly related to occurrence of BMA pain 

were younger age, prior BMA, pre-existing pain, pain before BMA, anxiety about the 

needle-insertion and the diagnostic outcome of BMA, high education level, low employment 

status (sick-leave or unemployed), and high STAI-S and STAI-T levels. A multivariate 

logistic regression analysis was performed to assess the contribution of the significant 

variables and the variable sex. We found that pre-existing pain, anxiety about the needle-

insertion, anxiety about the diagnostic outcome of BMA and low employment status (sick-

leave or unemployed) were significantly related to the likelihood of pain during BMA (Table 

4).

Pre-existing pain, anxiety about the needle-insertion, not received of written information 

about BMA, longer BMA duration and foreign background were factors associated with a 

higher pain intensity during BMA (Table 5).

The mean STAI-S score for the total group of patients was 43.3 (SD 12.9) and 42.0 for 

STAI-T (SD 8.06). Patients with pain during BMA scored higher on STAI-S (45.3 vs. 38.5, 

P = 0.0005) and STAI-T (43.1 vs. 39.2, P = 0.004). Anxiety about the diagnostic outcome of 

BMA was reported by 147 patients (63%, VAS median 52 mm), and anxiety about the BMA 

needle-insertion by 126 patients (54%, VAS median 50 mm). There was no significant 

difference between patients who had undergone BMA previously or not regarding anxiety 

about the diagnostic outcome of BMA or needle-insertion or anxiety level measured with 

STAI-S. In a sub-analysis, we found large correlation coefficients between the STAI-S score 

and the VAS value for anxiety about the diagnostic outcome of BMA (rs = 0.587, P < 

0.0001) and the BMA needle-insertion (rs = 0.562, P < 0.0001).

Patient satisfaction

In total, 216 patients (93%) reported that they were satisfied with the pain management 

(local anesthesia) during the procedure. Those patients who were not satisfied with the local 

anesthesia and reported pain during BMA (7%) scored a higher intensity of pain compared 
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with those patients who reported pain and were satisfied with the local anesthesia during 

BMA (VAS median; 80 vs. 30 mm, P = 0.0001).

Discussion

In this prospective study, designed to assess pain experience among adult patients with 

hematologic malignancies undergoing BMA under local anesthesia, we found that three out 

of four patients experienced pain with a median VAS of 37 mm. Among those patients who 

reported pain, one out of three scored severe or worst possible pain. We found pre-existing 

pain, anxiety about needle-insertion or BMA diagnostic outcome and low employment status 

(being on sick leave/unemployed) to be independent risk factors associated with procedure-

related pain. This investigation provides new important clinical insights, of value for health 

care professionals involved in conducting invasive diagnostic procedures or developing 

protocols for minimizing procedure-related pain in cancer patients.

Consistent with results of prior studies investigating pain in adult cancer patients undergoing 

procedures under local anesthesia (Table 1), a large majority of our patients (70%) 

experienced pain during BMA. Among patients reporting pain, 32% scored severe pain and 

3% worst possible pain, which is in agreement with previous studies on BMA-related pain 

where 16–33% of patients are reported to suffer from severe pain. 21,22,29 Procedural pain is 

often described as a temporary and transient experience. This is one of the first studies 

following procedural pain over time and, in our patients, pain was present in 64% 1 day after 

BMA and in 12% 1 week after BMA. The prolonged pain duration may be due to local 

edema/bleeding. However, the platelet count did not differ between those who experienced 

pain after BMA and those who did not. We have speculated on other potential explanations 

of our findings. Physiological phenomena such as peripheral and central sensitization of the 

nervous system following the initial nociceptive barrage could alternatively account for a 

part of this observation.11,30

To improve our understanding on the potential predictive factors for procedural pain, we 

assessed the influence of several variables. On multivariate analyses, we found pre-existing 

pain, anxiety about the needle-insertion or BMA diagnostic outcome and low employment 

status (being on sick-leave/unemployed) to be associated with occurrence of procedure-

related pain. Pre-existing pain (44% of patients) that is chronic pain was also related to the 

experience of a higher intensity of pain. That is in conformity with the increasing evidence 

that chronic pain before surgery predicts increased intensity of postoperative pain.7 The 

relationship between past and present pain is suggested to be influenced by emotional status, 

expectations of pain and peak intensity of previous pain.31 A lower pain threshold in patients 

with chronic pain has furthermore been attributed to the fact that those taking opioid 

medications for pain may develop a tolerance, thereby requiring higher doses of analgesics.
32,33 Because half of our patients had taken pain medications the same day as the BMA, and 

only a minority of those reported the use of opioids, this explanation seems to have limited 

impact in this context. Patients on sick-leave as well as unemployed persons were more 

likely to experience procedural pain. The finding concerning low employment status may 

reflect a more aggressive underlying disease and more active cancer therapy that potentially 

could manifest in a more pronounced vulnerability to pain. However, we were unable to 
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explore this further in the present study. It is well known that anxiety before onset of pain 

predicts elevated pain intensity during acute pain perception.8,9 We found that both 

occurrence of anxiety about BMA needle-insertion and BMA diagnostic outcome predicted 

the occurrence of procedural pain. Many patients with malignancy fear a relapse of their 

disease34 and might therefore be anxious about the procedure outcome, as was stated by 

63% of our patients.

Regarding the pain intensity and association with underlying factors, anxiety about the BMA 

outcome was not associated with a higher intensity of pain, whereas anxiety about needle-

insertion was. Anxiety about needle-insertion could be associated with needle phobia, which 

is a common phenomenon affecting approximately 10% of a normal population with varying 

severity35, and the prevalence is probably higher in cancer patients.36 A longer duration of 

BMA was also related to a higher pain intensity, which is in agreement with the findings of 

other researchers.21,22 The perceived lack of written information was another factor 

associated with more intense procedural pain. Preoperative information has been found to 

reduce patients’ pain experience of postoperative pain.37 When most diagnostic invasive 

procedures are performed electively, there should be good opportunities to inform the patient 

for a better understanding. Adequate information might also decrease the intensity of 

procedure-related anxiety.

Even though 70% of our patients reported procedure-related pain, it must be highlighted that 

93% were satisfied with the pain treatment. This is of interest, given that only local 

anesthesia was administered. High satisfaction despite pain is a known paradox, and may 

include a combination of expectations, relationship issues, previous experiences of pain 

relief and care goals.38 The discrepancy could be related to the fact that our patients believed 

that the physician had done his or her best to alleviate the pain,39 that the pain was 

unavoidable or that patients were satisfied with care given provided by the nurses. Ward and 

Gordon40 found that whether in-patients with severe pain were satisfied or not depended on 

average pain, but not current or worst pain.

Our study has several strengths including its prospective design, large sample size, high 

response rate and a broad range of variables assessed. But, there are some limitations as 

well. Among patients who reported no pain during BMA, 60% did not provide a VAS score 

and 40% indicated VAS 1–30 mm. These facts limited our ability to conduct a multivariate 

analysis of factors associated with BMA-pain intensity. An inherent limitation when using 

anxiety questionnaires is the risk of triggering patients’ degree of anxiety, which 

subsequently may have a negative influence on the pain experience. However, in our study, 

we believe that this impact was small because our data on frequency of pain are comparable 

to results from studies on BMA pain where anxiety was not explored.21,22 Furthermore, 

several statistical tests were conducted, increasing the risk of type I error.

The results of our study demonstrate that the majority of adult patients experience pain on 

undergoing BMA. Importantly, one-third of the patients who suffered from pain reported 

severe pain. In a few patients, the BMA-related pain lasted for 1 week. Pre-existing pain, 

anxiety about the diagnostic outcome of BMA and needle-insertion and low employment 

status (sick-leave/unemployed) were factors predicting occurrence of pain. These risk factors 
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can be used to identify patients in need of complementary interventions to alleviate 

procedure-related pain.
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Fig. 1. 
Intensity of bone marrow aspiration (BMA)-related pain during and after BMA in patients 

reporting occurrence of pain. Data are presented as median visual analogue scale (VAS) with 

25th and 75th percentile ranges in boxes. The whiskers represent the 10th and 90th 

percentiles and dots are outliers. Internal attrition: (a) n = 7, (b) n = 22.
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Table 2

Characteristic of 235 patients undergoing BMA

Variable

Number of subjects, n (%) 235 (100)

Age, median years (range) 62 (20–89)

Gender, n (%)

 Female 109 (46)

 Male 126 (54)

Diagnosis according to BMA, n (%)

 Leukemia 34 (14)

 Multiple myeloma 39 (17)

 Lymphoma 46 (19)

 Myelodysplastic syndrome 18 (8)

 Chronic myeloproliferative disorder 31 (13)

 Other hematologic disease 42 (18)

 Non-hematologic disease 25 (11)

Site of BMA, n (%)

 Posterior iliac crest 230 (98)

 Sternum 5 (2)

Type of BMA, n (%)

 Bone marrow aspiration 67 (28)

 Bone marrow biopsy 88 (37)

 Both aspiration and biopsy 80 (35)

Previous BMA, n (%)

 No previous BMA 100 (43)

 1–2 times 76 (32)

 3–5 times 27 (11)

 >5 times 32 (14)

Pre-existing pain, n (%) 101 (43)

Pain medication taken the same day as BMA, n (%)

 Non-opioids 19 (8)

 Opioids 8 (3)

 Combination of non-opioids and opioids 6 (2)

 Adjuvant drugs 3 (1)

 Unknown type 8 (3)

BMA, bone marrow aspiration/biopsy.
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Table 5

Association between variables and intensity of pain among patients experiencing BMA-related pain

Variable Pain
during
BMA (n)

VAS P-value*

Median Range

Age

 <60 years 83 37 3–100 0.582

 ≥ 60 years 82 38 3–100

Sex

 Female 83 39 4–100 0.398

 Male 82 34.5 3–100

Prior BMA

 Yes 102 42 3–100 0.080

 No 63 30 3–100

Pre-existing pain

 Yes 79 45 3–100 0.022

 No 84 26 3–100

Pain before BMA

 Yes 57 42 3–100 0.163

 No 106 29.5 3–100

Anxiety about needle-insertion

 Yes 104 45 3–100 0.0006

 No 61 25 3–100

Anxiety about the result

 Yes 118 41 3–100 0.121

 No 47 30 3–100

Received written information

 Yes 63 27 3–100 0.028

 No 101 44 3–100

Received oral information

 Yes 146 34 3–100 0.678

 No 17 42 3–100

Pain medication taken same day as BMA

 Yes 33 36 4–100 0.973

 No 130 37 3–100

Body mass index

 ≥ 25 65 36 3–100 0.961

 <25 95 38 3–100

BMA duration

 ≥ 15min 39 45 8–99 0.017

 < 15 min 124 31 3–100

Experience of physician

 ≤ 100 BMA 33 45 10–100 0.121
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Variable Pain
during
BMA (n)

VAS P-value*

Median Range

 >100 BMA 132 33.5 3–100

Education of physician

 Hematology fellow 119 40 3–100 0.069

 Attending hematologist 46 25 3–100

Type of BMA

 Both aspiration and biopsy 61 36 4–100 0.151

 Bone marrow aspiration 47 45 4–100

 Bone marrow biopsy 57 27 3–100

Economical situation

 Bad 15 72 13–100 0.057

 Either good or bad 32 41 4–100

 Good 115 32 3–100

Marital status

 Single 36 39 3–100 0.554

 Divorced/separated 103 36 3–100

 Married/cohabiting 9 20 4–97

 Widow/widower 14 49.5 4–100

Foreign background

 Yes 44 45 4–100 0.008

 No 118 28 3–100

Employment status

 Sick-leave or unemployed 66 30 3–100 0.072

 Working or studying 32 46 10–95

 Retired 67 40 3–100

Education level

 High† 67 27 3–99 0.328

 Intermediat‡ 65 40 3–100

 Low§ 30 47 4–100

Underlying diagnosis

 Multiple myeloma 30 39 3–100 0.739

 Lymphoma 32 40.5 3–100

 Myelodysplastic syndrome 12 19.5 8–100

 Chronic myeloproliferative disorder 22 42.5 4–98

 Other hematologic disease 29 27 5–100

 Non-hematologic disease 17 42 4–99

 Leukemia 23 42 4–78

*
Statistical tests used; Mann-Whitney U test or Kruskal–Wallis test.

†
University/similar.

‡
Upper secondary school/similar.
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§
Primary school/similar or lower.

BMA, bone marrow aspiration/biopsy; VAS, visual analogue scale.
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