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Acute postoperative pain is not an unusual phenomenon. More than 77% of patients
admitted to the intensive care unit (ICU) after cardiac surgery suffer from pain [1,
2]. It has been reported before that pain may lead to longer duration of mechanical
ventilation and length of stay in the ICU [3]. Furthermore, acute postoperative pain
may develop into chronic pain [4-8], which was observed in 11 to 56% of patients one
year after cardiac surgery [6, 9-12].

The International Association for the Study of Pain (IASP) defines pain as “an
unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage” [13]. Pain is always subjective
and can be captured in a biopsychosocial model in which psychological factors
and the social context are recognized as major determinants of actual pain of an
individual [14]. In the hospital setting, however, as we cannot change a patient’s
previous course of life, psychological history and social context, we first of all focus
on pain prevention, assess whether patients are nevertheless in pain, and if so, offer
the best possible treatment. Pain assessment is performed best by a patient’s self-
report, but patients may (temporarily) be unable to self-report pain. One of the
challenges for health care workers lies in the recognition and treatment of pain in
these patients, for example patients in the ICU.

ICU patients are at risk for pain from surgery, underlying illness or injury, immobility,
medical interventions and pre-existent (chronic) conditions. Pain in rest should be
distinguished from procedural pain caused e.g. by mobilization, removal of chest
tubes, tracheal suction, and insertion of central venous catheters. Pain in rest was
reported in 33% of 1381 mechanically ventilated patients in the DOLOREA study in
44 1CUs in France and Luxembourg [15]. In a mixed ICU, the incidence of pain in rest
was 51%, and did not differ between medical and surgical intensive care patients [3,
15]. In another study, 86-90% of patients experienced pain after cardiac surgery in
the first two days in the ICU [1]. In yet another study, 77% of patients after cardiac
surgery recalled to have suffered pain while in the ICU [2]. Procedural pain, was
reported in at least 22% of almost 6000 ICU patients in 169 mixed ICUs [16]. In
particular posture change and chest tube removal were experienced as painful, with
mean pain intensity of 4.9 and 6.6 on a scale from 0 to 10, respectively [16, 17].
Negative effects of inadequate analgesia such as a metabolic/hormonal stress
response with increased myocardial oxygen consumption and tachycardia [18-20],
as well as respiratory insufficiency [21-23] may lengthen duration of mechanical
ventilation and ICU length of stay [3]. Consequently, international [24] and national
societies (Nederlandse Vereniging voor Intensive Care (NVIC)) recommend routine
assessment and treatment of pain [25]. These recommendations are mostly based
on the observed shortened duration of mechanical ventilation and length of stay
in the ICU upon the introduction of sedation protocols [26-29]. Even though these
sedation protocols usually include analgesics, only few studies focus on pain
assessment and analgesia. In a post-hoc analysis of the above-mentioned DOLOREA
study [15], systematic pain assessment was associated with shorter durations of
ventilator support and ICU-stay [30]. In a smaller single-centre study, the introduction
of systematic assessment of pain coincided with a decrease of pain incidence,
nosocomial infections, and duration of mechanical ventilation [3].

Pain management is considered an important healthcare benchmark. The Dutch
Health Care Inspectorate introduced the performance indicator “postoperative pain”
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for hospitals, which indicates that hospitals are required to report the percentage
of actually performed with respect to the scheduled number of postoperative pain
assessments and the percentage of patients with a pain score higher than 7 on the
numeric rating scale (NRS from 0 to 10) [31] any time within the first 72 hours after
surgery [32].

In several studies acute pain rated with a NRS 24 was associated with a higher risk of
the development of chronic pain [4-8]. The IASP defines chronic pain as pain without
apparent biological value that has persisted beyond the normal tissue healing time
of 2 months after surgery in general [13], although others suggest 3 months or more
[33]. Chronic pain after cardiac surgery is reported between 11 and 56% of patients
one year after surgery [6, 9-12]. Patients suffering from chronic thoracic pain report a
significantly lower physical and mental health status compared with patients without
chronic thoracic pain [9, 12, 34, 35]. Literature on chronic pain after cardiac surgery
is scarce, although more than 2 million open-heart surgeries are performed annually
[36]. The available reports show a wide range in incidence of chronic pain. This may
be due to the use of different inclusion criteria, which complicates comparison.

This thesis focuses on both acute and chronic pain in patients after cardiac surgery.
First, various aspects of acute pain in the direct postoperative period — when patients
are admitted to the ICU — are evaluated. This includes the impact of the introduction
of a pain management program, the effect of morphine on procedural pain due to an
inevitable medical procedure, changes in serum stress hormones during procedural
pain, and compliance to the ICU pain protocol. Next, the occurrence of chronic pain
one year after cardiac surgery is studied. Here possible risk factors for chronic pain
such as acute pain experienced in the ICU during the first 3 postoperative days are
identified.

Acute pain in the ICU

Pain assessment

Pain is a subjective experience. International consensus states that the gold standard
to ascertain the presence and intensity of pain is a patient’s self-reported experience.
Patients admitted to the ICU are often not capable of self report because they are
too ill or heavily sedated. Then, the attending nurse involved in daily care is the best
person to assess the patient’s pain. A suitable instrument is the Numerical Rating
Scale (NRS), which has been found valid to assess pain by proxy by the attending
nurse [37]. The NRS is based on a scale from 0 to 10 in which O represents “no
pain” and 10 represents “the worst possible pain “ [31]. The NRS has a maximum
acceptable pain score of 3 [19].

Pain management in the ICU

Clinical practice guidelines recommend systematic evaluation of pain [24].
Few studies, however, have addressed the effects of the introduction of a pain
management system and pain education program in the ICU on the occurrence of
pain; more studies concerning sedation protocols are available. Table 1 provides an
overview of studies on pain and sedation management in the ICU. The studies differ
among others in medical diagnosis, study design, and primary and secondary aims,
which demonstrates that they should be compared with caution. Seven of the 16
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pain and sedation protocol studies from Table 1 did not chose “pain” or “sedation”
as a primary aim, but focused on duration of mechanical ventilation and either ICU
or hospital length of stay. The first part of the table shows six studies on a total of
2079 patients that compared control patients with patients treated according to a
pain protocol. Significantly less pain was found in the pain protocol group in four
studies [3, 27, 38, 39], for example a reduction of the incidence of pain from 63 to
42% in the study by Chanques et al [3] (Table 1). Of these studies, Diby et al. reported
specifically on pain after cardiac surgery when they introduced a postoperative pain
treatment program in the ICU by training, pocket guidelines, regular audits, and
feedback [38]. In that study, significantly more patients were always or often pain-
free after the implementation of this program (11% vs. 37%, P =0.005). Two other
studies [40, 41] did not report a difference in pain scores between the control and
intervention group, but reported on other advantages of the pain protocol such as
reduced duration of mechanical ventilation and/or length of stay. The second part of
Table 1 shows 10 studies on a total of 2419 patients that compared control patients
with patients treated according to a sedation protocol. The most obvious goal of
the introduction of a sedation protocol would be the depth of sedation. However,
sedation scores were the primary aim in only 3 studies [42-44], whereas duration of
mechanical ventilation [28, 42, 45-49], ICU [42, 44, 45] or hospital length of stay [42,
44], the incidence of ventilator associated pneumonia [42, 50], doses of analgesics/
sedatives [42], ICU and hospital outcome [42] and incidence of delirium [43] were
reported in others. In fact, only 4 studies actually reported sedation scores [42-44,
47]. Six studies [28, 42-44, 46, 47] included pain treatment in their sedation protocol,
although only 2 of them reported pain scores [43, 44]. The study by Quenot et al
[50] excluded patients who received opioids. In conclusion, although the design
and protocols of the studies presented in Table 1 vary considerably in content and
execution, they show that the introduction of a pain and/or sedation management
protocol may result in lower pain scores, more sedation scores within target range,
shorter duration of mechanical ventilation and a shorter length of stay in the ICU.
The best design of such a protocol for patients in the ICU after cardiac surgery and
the role of the patient data monitoring system (PDMS) still need to be established.

Procedural pain

Procedure-related pain, i.e. pain caused by interventions such as mobilization, the
removal of chest tubes, tracheal suction and the insertion of central venous catheters,
is the most common form of healthcare-induced pain [51]. Patients recall these
interventions as strong negative memories of the time in the ICU [2]. Procedural pain
seems difficult to treat, and some patients will experience unacceptable pain despite
treatment [6, 15]. Posture change and chest tube removal have been identified
as the most painful procedures [16, 52]. International guidelines [24] recommend
preemptive analgesia and/or non-pharmacologic interventions (e.g. relaxation
exercises) prior to chest tube removal. Table 2 summarizes 8 studies in 560 patients
randomized between different strategies to prevent pain due to chest tubes removal
after cardiac surgery. The relevance of studies on pain due to chest tube removal
is shown by 4 trials in which patients in the placebo groups reported pain scores
between 5 and 7.2 on a scale from 0 -10 [53-56]. Two studies showed that topically
applied medication resulted in significantly lower pain scores than in control groups
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[56, 57]. Interpleural administration of bupivacaine did not lower pain scores
compared with placebo [58]. Intravenous opioids were used with success in 3 out of
4 studies [53, 55, 57, 59]. Patients experienced more discomfort on the removal of
the second chest tube in a study comparing Entonox and Isoflurane for the removal
of the first and second chest tube [60]. The authors suggest that the arousal or
anxiety caused by the removal of the first chest tube amplified the distress caused by
the removal of the second one. The use of procedural and sensory information prior
to the removal of chest tubes, was not apparent on pain scores in a study comparing
intravenous morphine or ketorolac [59]. The effect of baseline analgesia and VAS
scores before the intervention is not clear from these studies; in fact only the studies
by Casey et al [53] and Akrofi et al [57] reported standard baseline analgesia and only
half of the studies in Table 2 showed pain scores before the removal of chest tubes.

Stress hormones as biomarker for procedural pain

Changes in heart rate, blood pressure, and respiratory rate have been used as
surrogate markers of pain. In ICU patients these parameters are largely influenced
by disease severity and medication. An alternative method may be measurement of
stress hormones, such as cortisol, adrenalin, and noradrenalin, which are thought to
be released systemically in a sympathetic stress response triggered by e.g. pain [20].
If measurements of stress hormones correlate with subjective reports of patients
who are able to report pain, stress hormones may become useful in research as
surrogate markers for procedural pain in the ICU.

Adherence to protocols

Hospital departments in general, and intensive care units in particular, are struggling
with non-adherence to guidelines in general [61, 62] and more specifically to pain
management protocols [15, 63]. Even in the context of observational studies in which
caregivers knew they were being monitored, pain assessment was not performed
according to acceptable standards [64]. Likewise, Watt-Watson et al demonstrated
that patients after coronary artery bypass grafting actually received only 33—
47% of the prescribed dose of analgesics despite the fact that they experienced
considerable pain [65]. Non-compliance to pain management protocols in pediatric
ICUs was previously shown to be a thorny issue [63, 66, 67]. It may well be that
health professionals are not aware of the existence of protocols, or do not agree with
the protocols, or do not expect beneficial outcomes [68]. Even if a pain management
program seems successful in reducing pain in patients in the ICU after cardiac surgery,
evaluation of adherence to the protocol may identify items that can be improved and
therefore continuous surveillance over time is essential.

Chronic pain

The incidence of chronic thoracic pain after cardiac surgery via sternotomy varies
from 11to56% [6, 9-12], depending on both the definition and the population studied
[69]. Patients who suffer from chronic thoracic pain experience a significantly lower
physical and mental health status compared with patients without chronic thoracic
pain [9, 12, 34, 35]. In a cross-sectional study by Taillefer et al, chronic pain interfered
with various aspects of patients’ daily living, including general activity (39%), sleep
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(37%), walking ability (33%), mood (30%), enjoyment of life (28), and relations with
others (21%) [34].

The exact pathophysiology of the development of chronic pain after surgery has
not been clarified yet. Multiple factors are held responsible for the development of
chronic pain, but are of varying importance. One such factors is the severity of acute
postoperative pain, but research on the relation between acute postoperative and
chronic pain after cardiac surgery is sparse [4-8, 70]. In a study by Steegers et al. [71],
patients with chronic pain after coronary artery bypass grafting recalled significantly
more intense wound pain in the first week after the operation than did the group
without chronic pain (87% versus 68% at least moderate pain, P=0.0002).

In addition, a positive relation between chronic pain after cardiac surgery and
the consumption of opioids on the surgical ward and ICU has been described in
a retrospective study [34], while another publication reported a relation with
consumption of opioids on the second and third postoperative days [10]. The only
prospective study on the relation between acute postoperative pain after cardiac
surgery on the incidence of chronic pain showed a possible association between the
presence of moderate to severe acute postoperative pain on the fourth day after
surgery and chronic post-sternotomy pain at rest one year after cardiac surgery [6].
Other previously reported risk factors for the development of chronic pain after
cardiac surgery are young age [10, 12, 35, 71] and large body mass index (BMI) [35],
as shown in Table 3. Table 3 includes 8 studies reporting on a total of 3820 patients
with incidences of chronic pain varying between 11 and 30% at 1 to 3 years after
surgery. Inclusion criteria vary between the articles; most studies included elective
surgery patients, some excluded patients older than a certain age, one article included
women only [72]. Five studies are retrospective studies and only two prospective
articles evaluated acute postoperative pain in addition to chronic pain. Information
on acute pain while in the ICU and perioperative analgesia in relation to chronic pain
is warranted, as this may provide possibilities for preventing the development of
chronic pain.
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