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ABSTRACT

Aims: We assessed the implementation and 
effectiveness of an updated protocol designed to 
improve pain management in cardiac surgery patients. 
The new updated protocol was recommended systemic 
pain assessment every four hours unless patients were 
unstable, using the numerical rating score (NRS) after 
the endotracheal extubation. Our secondary aim was to 
analyze the factors predicting patients’ postoperative 
pain to guide development of future pain management 
protocols. Methods: Fifty patients undergoing cardiac 
surgery with median sternotomy were evaluated in 
this audit. Perioperative details and details regarding 
analgesic administration were collected. High-risk 
patients were classified as ones with a history of substance 
misuse, chronic pain, and preoperative opioid use. Pain 
was measured at rest, on coughing and on moving, for 
the first three postoperative days (POD), using 11-point 
NRS (0–10). Pain was considered “unacceptable” if it was 
NRS ≥4 at rest, and NRS ≥8 on activity. A univariate and 
multivariate mixed model linear regression was used to 
investigate factors that may contribute to pain following 
cardiac surgery. Results: On POD1 38% of patients 
reported unacceptable pain at rest, and 27% reported 
unacceptable pain on coughing or moving. There was 
limited implementation of the new protocol, thus we 
cannot comment on the effectiveness of the updated 
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protocol. Multivariate analysis demonstrated an overall 
significant interaction effect between postoperative day 
and risk (p = 0.032). It was found that high-risk patients 
reported pain to be greater than pain reported by low-
risk patients on POD3 (2.14, CI −0.32 to 4.26, p = 0.054). 
Use of preoperative gabapentin did not affect pain at rest 
nor pain on coughing or moving (p > 0.5). Conclusion: 
The new pain protocol was not followed in the majority 
of patient cases. Preoperatively, only 25 (56%) patients 
received gabapentin. No patients received patient-
controlled analgesia (PCA) postoperatively. Seven (15%) 
patients identified as high risk received no differential 
pharmacological management contrary to the updated 
protocol. It is believed that e-mail is not sufficient to 
implement a new protocol such as this, thus resulting 
in protocol implementation failure. However, it was 
found that postoperative pain differed between high- and 
low-risk patients, especially at rest. This indicates that 
risk assessment and individualized pain protocols are 
important to optimize postoperative pain management 
following cardiac surgery. We have discussed the efforts 
required to improve future protocol implementation and 
pain management across disciplines.
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INTRODUCTION

Pain is common after cardiac surgery. A high 
proportion of cardiac surgery patients (30–75%) report 
moderate-to-severe acute postoperative pain [1] in 
the first days following surgery [2, 3]. Pain following 
cardiac surgery is multifactorial with different factors 
contributing to the pain experience at different times. 
While nociceptive pain from direct tissue trauma 
dominates the immediate postoperative period, 
musculoskeletal pain becomes unmasked around POD3 
[4]. Thus, effective postoperative pain control is an 
essential component of care for the cardiac surgical 
patient, and is believed to facilitate recovery, improve 
morbidity, minimize costs of care, and increase overall 
patient satisfaction [4, 5].

A recent audit carried out on pain management in post-
cardiac surgery patients in our institute [6] highlighted 
that 39% of our patients experienced unacceptable levels 
of pain: NRS ≥ 4 at rest and NRS ≥ 8 on POD1 and POD2. 
The high pain scores reported by patients in this audit 
prompted the revision of our post-cardiac surgery pain 
management protocol.

The primary aim of this audit was to (1) assess the 
implementation of the new pain management protocol, 
(2) its effectiveness in managing acute postoperative 
pain in cardiac surgery patients, and (3) explore factors 

predicting pain in this cohort in order to develop future 
postoperative pain management strategies.

METHODS

The original pain management protocol (Table 1) for 
patients undergoing cardiac surgery by sternotomy was 
updated by a team of cardiac anesthetist (Table 2). The 
protocol recommended systemic pain assessment every 
four hours unless unstable, using the NRS after tracheal 
extubation. The protocol was circulated among the 
cardiac surgery anesthetists via e-mail.

Patients with history of substance misuse, chronic 
pain, and preoperative opioid use were classified as 
high risk [7–11] for experiencing higher postoperative 
pain while all other patients were classified as low risk. 
Reported NRS scores ≥4 at rest and ≥8 on cough or 
movement were considered unacceptable.

Fifty consecutive patients who underwent elective and 
urgent cardiac surgery by a sternotomy were recruited 
for this study. The procedures were undertaken at our 
tertiary referral center between August and September 
2017. Data regarding pain scores and pain management 
was collected by reviewing records and visiting patients 
every four hours following surgery. Data regarding 
demographic and operative details was collected 

Table 1: Previous protocol for management of acute postoperative pain following cardiac surgery

All patients (No distinction between 
high and low risk)

Paracetamol 1 g 6 hourly

Codeine 30–60 mg 6 hourly

IV Morphine 0–10 mg boluses In CRU if pain score 3–6
(alternative IV fentanyl 0–100 mcg)

Oramorph 10–20 mg 2–4 hourly after extubation if pain score 3–6

Table 2: Updated protocol for management of acute postoperative pain following cardiac surgery

Preoperative

All Gabapentin 600 mg, PO 1st part 07:00 am
2nd part 11:00 am

Postoperative

High risk PCA with background infusion until extubation. After extubation only PCA

eGFR >60 mL/min IV morphine PCA 1 mg bolus, 5-minute lockout and background 
infusion 1 mg/h

eGFR <60 mL/min, or excess nausea 
with morphine

Consider IV fentanyl PCA with 10 mcg bolus, 5 minutely lockout 
and background infusion at 25–50 mcg/h

Low risk Paracetamol 1 g 6 hourly

Codeine 30–60 mg 6 hourly

All IV morphine 0–10 mg in 2 mg boluses In CRU if pain score 3–6
(alternative IV fentanyl 0–100 mcg)

Oramorph 10–20 mg, 2–4 hourly After extubation if pain score 3–6

If pain score >7 at any time call the pain team (or anesthetist on call) for a review and addition of PCA

eGFR = Estimated glomerular filtration rate; IV = Intravenous.
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prospectively from paper and electronic patient records 
maintained in our institute.

Data collected included patients’ Log Euro score, 
operation type, cardiopulmonary bypass and aortic cross 
clamp times, pre- and postoperative pharmacological 
analgesic treatment, and length of stay in intensive care 
unit (ITU) and hospital.

To collect the data regarding patients’ experience of 
postoperative pain, patients were visited by members of 
research team on the first three postoperative days and 
their pain levels were measured using the 11-point NRS. 
This scale ranges from 0 to 10, where 0 represents “no 
pain” and 10 represents “worst pain imaginable.” Patients 
were asked to rate their pain at rest, during coughing, and 
on movement every four hours.

Statistics
No formal sample size calculation was performed. 

It was hypothesized 50 patients would be adequate to 
obtain a good estimate of an average cardiac surgical 
patient’s pain given severe postoperative pain estimated 
to occur in 30–70%.

Descriptive statistics are reported as number of 
patients (percentages), means (with SDs), and medians 
(with ranges) where appropriate.

First, the intensity and incidence of postoperative pain 
was examined and a composite mean “activity pain score” 
was created for analysis. To identify the factors predictive 
of pain in the cardiac surgery patients, a generalized 
linear mixed-effects regression model was used. Factors 
were entered into a univariate analysis and those with a 
significance p < 0.3 were entered into the multivariate 
analysis. The factors included gender, age, pain scores 
on POD1, POD2, and POD3, predicted preoperative 
risk (high and low) and preoperative administration of 
gabapentin as a new feature of the new postoperative pain 
protocol. P < 0.05 was considered statistically significant. 
All statistical analyses were performed with SPSS version 
17.0 software (SPSS Inc, Chicago, IL, USA).

RESULTS

Demographic and surgical data
Fifty patients were initially included in the audit. 

Five patients had to be excluded from the study due to 
incomplete data (two patients) and prolonged intubation 
period more than three days (three patients). Thus, the 
final sample included 45 patients. Demographic and 
operative details are summarized in Table 3. The type of 
surgeries included is shown in Table 4.

Implementation of updated pain  
management protocol

Only 55.6% (N = 25) of patients received preoperative 
gabapentin. One sixth, or 15.7% (N = 7) of the patients 

were identified preoperatively “high-risk” for pain. 
There was no differential postoperative pharmacological 
management of high- and low-risk patients. No patients 
received patient-controlled analgesia (PCA) and despite 
NRS ≥ 8 on 36 occasions (mostly during coughing or 
moving), the pain team was not called.

Pain scores
On POD1, 37.8% of patients reported “unacceptable” 

levels of rest pain (NRS ≥ 4), and 26.7% reported 
“unacceptable” pain on coughing or moving (NRS ≥ 8). 
The pain scores dropped on days 2 and 3 and 17.8% and 
8.9% reported NRS ≥ 4, respectively. The percentage of 
patients reporting NRS ≥ 8 on coughing or moving also 
decreased with time to 15.6% on both POD2 and POD3 
(Figure 1).

Comparison with previous audit
In comparison with the previous audit carried out in 

2016, no improvement was noted in the percentage of 
patients reporting unacceptable level (NRS ≥ 4 at rest) 
of pain (POD1 38.8% vs 39.13%, POD2 17.8% vs 39.13%, 
POD3 8.9% vs 3.6%).

The minimum pain scores at rest (1.655 CI 1.061–
2.249) and the maximum pain scores with activity 
(2.592 CI 1.664–3.520) were significantly increased in 
the current compared to previous audit (both p < 0.001) 
(Figure 2).

Table 3: Demographic and operative details

Number of patients 45

Age * (years) 69.2 ± 1.79 

Sex (M/F) 32 (71.1%)/13 (28.9%)

Logistic Euro Score** 4 (0.9–38.5)

CPB time (minutes)* 93.1 ± 9.01

Time to tracheal extubation (hours)** 8 (4–29)

Length of stay in ITU (days)** 1 (1–9)

Length of hospital stay (days)** 8 (4–29)

CBP = Cardiopulmonary bypass; ITU = Intensive care unit.
*Mean ± SD, **Median (range).

Table 4: Type of surgery

Operation type (%) (number of patients)

CABG 60% (N = 27)

Valve replacement 13.1% (N = 6)

CABG and valve replacement 20% (N = 9)

CABG and AF ablation 2.2% (N = 1)

Valve and aortic root replacement 4.4% (N = 2)

CABG = Cardiopulmonary bypass; AF = Atrial fibrillation.



Edorium Journal of Anesthesia, Vol. 6, 2020.

Edorium J Anesth 2020;6:100020A05ZM2020. 
www.edoriumjournalofanesthesia.com

Milan et al. 4

Factors predicting postoperative pain
In univariate analysis conducted on NRS at rest, there 

was a significant effect of postoperative day (p < 0.001), 
where rest pain was worse on postoperative day 1 than 
postoperative day 2 (1.267, CI 2.11–0.43, p = 0.003) and 
worse on postoperative day 3 than postoperative day 
2 (1.871, CI 2.81–0.93, p = 0.003) (Figure 3); overall 
showing that pain is the strongest on POD1. In the 
univariate analysis conducted on coughing or moving 
pain scores, there was a significant effect of postoperative 
day (p < 0.001), where action pain was worse on POD1 
than POD3 (1.267, CI 2.11–0.43, p = 0.003). NRS was not 
significantly less on POD2 compared to POD1 (p = 0.481).

There was no significant effect of age on rest pain. 
However, there was a trend toward a significant effect 
of age (p = 0.068) on pain on coughing or moving, with 
older patients reporting less pain than younger patients.

There was a trend toward female patients reporting 
more pain at rest than males (p = 0.227) (Figure 4), 
however, no significant difference was noticed with 
regard to pain on coughing or movement (p = 0.752).

Patients given gabapentin (600 mg) preoperatively 
tended to have higher pain scores than those who were 
not given gabapentin; however, this was not statistically 
significant (p = 0.303). Preoperative gabapentin did not 
significantly alter pain levels when coughing/moving (p = 
0.709) (Figure 5).

Figure 1: The percentage of patients with NRS ≥ 4 at rest, NRS ≥ 
8 at cough or movement on POD1, POD2, and POD3.

Figure 2: The mean (±SEs) (A) minimum on rest, and (B) 
Maximum on activity pain scores in audit 1 compared to audit 
2, across the first three postoperative days following cardiac 
surgery.

Figure 3: The mean (±SEs) rest and cough or move pain scores 
(NRS) on the first three postoperative days following cardiac 
surgery.

Figure 4: The mean (±SEs) (A) rest, and (B) cough or move pain 
scores in males and females on the first three postoperative days 
following cardiac surgery.

Figure 5: The mean (±SEs) (A) rest, and (B) coughing or 
moving pain scores (NRS) in patients who were and were not 
given preoperative stat dose of gabapentin 600 mg before their 
cardiac surgery.

There was no overall significant effect of predicted 
risk status on rest pain (p = 0.287); however, graphical 
representation reveals different pattern of postoperative 
rest pain in high- and low-risk patients, with higher risk 
patients having higher rest pain on the third postoperative 
day (Figure 6).

Postoperative day, risk (high or low), gender, and 
interaction between postoperative day and risk were 
entered into the multivariate analysis for NRS at rest 
pain. This analysis confirmed a strong significant main 
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effect of postoperative day, with rest pain on POD1 was 
greater than on POD3 (2.173, CI 3.18–1.17, p < 0.001). 
There was an overall significant interaction effect 
between postoperative day and risk (p = 0.032), driven 
by the trend for the pain reported by high-risk patients 
to be greater than that reported by low-risk patients on 
POD3 (2.14, CI −0.32 to 4.26, p = 0.054).

The factors of postoperative day and age were entered 
into the multivariate analysis for coughing or moving 
pain. This analysis again showed a strong significant 
effect of postoperative day with rest pain: POD1 being 
greater than on POD3 (2.173, CI 3.18–1.17, p < 0.001), 
thus demonstrating the finding that pain is strongest on 
POD1. There was also a trend toward a significant effect 
of age (p = 0.0518) with older patients reporting lower 
pain scores (Figure 7).

The main reason for lack of improvement of 
postoperative pain management assessed by NRS scores 
can be explained with the limited implementation of 
the new protocol. Hence, we cannot comment on the 
effectiveness of the updated protocol.

Reasons for failure of protocol implementation are 
given in the following.

The cardiothoracic pain management protocol 
was not implemented in the vast majority of patients. 
Despite recommendations, only half of patients received 
a stat dose of gabapentin preoperatively. There was no 
distinction between high- and low-risk patients in terms 
of their postoperative pain management and the pain 
team was not called to review or prescribe PCA due to 
severe pain (NRS ≥ 8). In addition, it was found that the 
administration of gabapentin had no significant effect on 
reported pain.

There could be number of reasons for these findings:

1.  Despite the revisions to the protocol made at the 
end of 2014 there was a lack of awareness of the 
protocol revisions and/or lack of appreciation for 
their importance. The new protocol was circulated 
via e-mail among the anesthetists. However, 
cardiac care nurses appeared unaware of some 
of the guidelines (e.g., to refer high pain scores 
to the pain team). The implementation of the 
protocol had missed communication with nurses, 
acute pain team, pharmacists, and surgeons. This 
perhaps necessitates a more official introduction 
of a new pain management regimen, perhaps 
through multidisciplinary meetings, audit 
presentations, and formal education sessions. 
In addition, e-mail circulation to wider number 
of health professionals involved in cardiac 
surgery and posters located in anesthetic 
department and operating theatres, to encourage 
a multidisciplinary implementation of the new 
protocol guidelines.

2.  There were certain instances in which 
preoperative gabapentin was prescribed but not 
administered, highlighting the requirement for 
a team effort to ensure protocol guidelines are 
followed. Patient factors including refusal or 
absence may contribute to a small number of 
failures in preoperative pain administration.

3.  Differential pain management plan for the 
high- and low-risk patients requires that risk is 
assessed preoperatively. Although anesthetists 
are generally aware of that issue, even before the 
protocol was introduced, formal preoperative 
assessment had not been done. The question 
is whose ownership was the implementation of 
that particular part of the protocol: anesthetists, 
pain team, word nurses, or someone else. We 
concluded that we had to create a questionnaire 
that can be applicable to other anesthetic 
preassessments and that it should be structured 
and easy to perform. Patient self-assessment 

Figure 6: The mean (±SEs) (A) rest, and (B) coughing or moving 
pain scores (NRS) in patients high- and low-risk for pain on the 
first three postoperative days following cardiac surgery.

Figure 7: The mean (±SEs) postoperative coughing or moving 
pain scores (y axis) in patients plotted against their age (x 
axis).

DISCUSSION

Our audit has shown that despite a change in the 
protocol no major changes were noted in the reported 
post-cardiac surgery pain on POD1, POD2, and POD3.
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is also an option for the future. A preoperative 
workup requires adequate time and appropriate 
questioning (about previous medication and 
drug misuse) to stratify patients into high- and 
low-risk groups.

4.  Lack of introduction of the use of PCA can be 
attributed to lack of awareness of cardiac recovery 
unit (CRU) staff of that part of the protocol, the 
absence of previous practice of PCA in post-
cardiac surgery patients, and the cost and limited 
availability of PCA in the cardiac recovery unit.

5.  Although pain scores were measured as ≥8 on 36 
occasions in this audit, it is possible that there 
was a disparity between these scores and those 
obtained by nurses at the bedside. If patients 
were not asked to report pain on coughing and 
moving, then it is likely much lower pain scores 
would be reported, thus no reporting to the 
pain team. This highlights a potential issue in 
current pain assessment measures and suggests 
healthcare professionals should be encouraged to 
ask pain levels during these clinically important 
activities related to risk of postoperative 
complications. Nurses expressed their lack of 
awareness in regard to calling the pain team, 
reinforcing the need to better spread the revised 
protocol guidelines among staff members.

Factors predicting pain
The strongest factor predicting pain was postoperative 

day with an overall trend for pain levels to decrease with 
increasing days after cardiac surgery. This is consistent 
with previous research [12, 13]. There was a trend for 
younger patients to report higher levels of pain than older 
patients, also consistent with previous research [14, 15]. 
However, in this study, the effect of age only approached 
significance with pain on coughing/moving, and perhaps 
this reflects higher activity, more movement or harsher 
coughing in the younger cohort of patients.

An interesting finding from this analysis is the 
interaction between risk and postoperative day for pain 
reported at rest. Differentiating between high- and low-
risk patients is a new component of the pain management 
protocol. This audit suggests this is important distinction 
to make, thus enabling us to deliver an individualized 
pain management plan to every patient. It is possible the 
two groups not only differ in analgesic need but also in the 
mechanisms responsible for their pain. They therefore 
may benefit from different combinations of analgesic 
medication, such as gabapentin, if they experience more 
neuropathic pain. This is a question for future research.

The pain management protocol introduced the 
administration of preoperative gabapentin to all cardiac 
surgery patients. This analysis, however, found no effect 
of gabapentin on either rest pain or coughing/moving 
pain on the first three postoperative days. Research into 
preoperative gabapentin is relatively recent and there is 

still ambiguity as to its effectiveness [16–20]. There is 
suggestion that gabapentin, given its neuromodulating 
effect, may have a greater effect on chronic postoperative 
pain, but this analysis cannot answer this question. This 
analysis here suggests that further support needs to be 
found for administrating preoperative gabapentin to 
every cardiac surgery patient to justify its use within the 
department, for both acute and chronic postoperative 
pain.

Pain is subjective and patient attitudes, beliefs, 
and expectations of postoperative pain and recovery 
after cardiac surgery correlate with reported pain and 
treatment satisfaction [21]. Preoperative pain sensitivity 
[22], mood status [23], and psychological factors [24–
26] effect the level or reported pain postoperatively. 
Even environmental factors including hospital structure, 
beliefs of hospital personnel, and administrative concerns 
influence care given and hence pain levels [27]. All these 
factors might have possibly confounded the reported 
pain scores in our patients. However, this study was not 
designed to evaluate this.

Limitations
Pain was not measured at a standardized time after 

surgery, but every four hours after tracheal extubation, 
meaning measurements could have been taken after 
a dose of analgesia, causing less pain and potentially 
increased sedation at that time. Patients were all seen 
prior to their surgery to inform them about the audit 
and to obtain consent, which could have prewarned 
them about the pain they might experience. When asked 
about pain on coughing and moving some patients 
moved or coughed, but not all. Thus, this could influence 
the pain scores on movement, possibly reducing them 
for some of patients, therefore, making the pain scores 
not a true reflection of pain on movement following 
surgery. Statistical analysis was limited by the lack of 
preoperative pain scores, and inclusion of small number 
of cardiac surgery patients. This limits the power with 
which a regression analysis can be used to explore 
factors predicting pain. Other limitations include audit 
type data analysis, retrospective data collection, and 
being a single center study.

CONCLUSION

The recommendations that follow from this audit 
on management of post-cardiac surgery are twofold. 
First, it is important that there are improved efforts to 
implement the updated pain management protocol. 
This involves increasing awareness among the all team 
members involved in care of cardiac surgical patients. 
Once the protocol has been successfully implemented 
then we can measure the effectiveness of this protocol. 
This study highlights the importance of multimodal and 
individualized pain management approach. Since pain 
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is highest on POD1 and declines as postoperative day 
increases there is a scope for structured pain management 
with stronger analgesic option on day one and slowly 
wean down.
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