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Objectives: To assess postoperative pain intensity and the
analgesic requirements in the postoperative period in
patients undergoing sternotomy for pulmonary endarterec-
tomy involving deep hypothermic circulatory arrest.

Design: Retrospective cohort study.

Setting: Single-center hospital study.

Participants: Patients 18 years and older undergoing ster-
notomy for cardiac surgery between August 2012 and
August 2014.

Interventions: No modification to usual clinical practice.

Measurements and Main Results: Intraoperative opioid
and steroid administration, referral to the chronic pain unit,
intensive care unit pain scores, and analgesic administration
in the first 48 hours after the admission to the intensive care
unit were recorded. Postoperative pain was evaluated by
means of a categoric verbal scale from no pain (0) to severe
pain (3); this is the routine analgesic scale used in the

PTIMAL ACUTE POSTOPERATIVE pain control in

cardiac surgery has been recognized as an important
factor for reducing postoperative complications, including atelec-
tasis, arthythmias, and the development of chronic pain.'™ The
literature regarding poststernotomy pain traditionally has been
focused on the study of patients undergoing coronary artery bypass
grafting or valvular surgery,' > but few data have been published
on patients undergoing more complex procedures such as pulmo-
nary endarterectomy (PEA) with deep hypothermic circulatory
arrest (DHCA).”

Severe pulmonary hypertension is a life-threatening con-
dition. Early diagnosis and optimal treatment of this condition
are advisable for decreasing complications, such as right
ventricular dysfunction and ischemia.® Pulmonary hypertension
in the general population has a prevalence of 2.6%,° with
different possible etiologies.'” Pulmonary hypertension could
be a consequence of chronic thromboembolic pulmonary
disease, classified as group-4 pulmonary hypertension (chronic
thromboembolic pulmonary hypertension [CTEPH]). In
CTEPH patients the longstanding thrombotic obstruction of
the pulmonary artery vasculature leads to symptoms and
hemodynamic disturbances."’

PEA is the treatment of choice for CTEPH; it is offered to
patients depending on the location of the disease, severity of
hemodynamic and ventilatory impairment, symptomatology,
and comorbidities.'>'* PEA is a complex surgical procedure,
in which profound physiologic disturbances are required—
DHCA and administration of high-dose steroids—to obtain a
bloodless view of the pulmonary artery lumen and therefore
allow a successful endarterectomy.'”

The aim of this retrospective study was to assess the
analgesic requirements of patients undergoing PEA surgery
involving DHCA. To the authors’ knowledge, this was the first
study, based on a large cohort, to provide data on perioperative
pain management of patients undergoing PEA.

authors’ intensive care unit. A total of 200 consecutive
patients undergoing pulmonary endarterectomy (PEA group)
were included in the study. No patient in the PEA
group received morphine during surgery. The mean
(standard deviation) postoperative pain intensity score at
24 hours was 0.30 (0.54) in the PEA group. Postoperative
morphine was administered in 39% of patients. No PEA
patient was referred to the chronic pain unit after hospital
discharge.

Conclusion: The total analgesic requirements and pain
score of patients undergoing sternotomy for pulmonary
endarterectomy with deep hypothermic circulatory arrest
seemed to be low.
© 2016 Elsevier Inc. All rights reserved.
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METHODS
Study Design

This study was a single-center, retrospective analysis from a
prospectively compiled database of a cohort of patients under-
going PEA with DHCA. The project received approval from
the Research Ethical Committee of Papworth Hospital, Cam-
bridge, United Kingdom, and the need for written informed
consent was waived. The study was performed according to the
stipulations of the Declaration of Helsinki and the level of
protection of confidentiality concerning the protection of
personal data as required.

Study Population

The inclusion criterion was: patients undergoing PEA with
DHCA who were >18 years old. Exclusion criteria were
previous chronic pain diagnosis, >24 hours of postoperative
mechanical ventilation of the lungs, combined procedures, and
intraoperative use of remifentanil.

The data collected were sex, intraoperative opioid admin-
istration, steroid administration, mechanical ventilation time,
referral to the chronic pain unit, intensive care unit (ICU) pain
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scores, and analgesic drug administration in the first 48 hours
after admission to the ICU.

Anesthetic and Surgical Procedures

According to the authors’ local protocol, induction of
general anesthesia was with midazolam, 0.1 mg/kg, a propofol
bolus of 20 to 50 mg, fentanyl, 10 to 20 pg/kg, and
pancuronium for muscle relaxation. Maintenance of anesthesia
was with propofol infusion, 4 to 6 mg/kg/h, and patients also
were administered a tranexamic acid bolus of 1 g and a
continuous infusion at 5 mg/kg/h. All patients received 1 g
of methylprednisolone.

The hemodynamics of all patients were monitored using
arterial, central venous, and pulmonary artery catheters and a
cerebral oximetry monitor, INVOS (Medtronic, Minneapolis,
MN). The cerebral oximetry monitor provided useful informa-
tion for cerebral oxygenation in critical moments of the
procedure, such as during DHCA and the patient coming off
cardiopulmonary bypass.

All PEA patients underwent sternotomy and systemic
heparinization that were followed by cardiopulmonary bypass
after aortic and venous cannulation. Hypothermia was achieved
with extracorporeal circulation, with a goal temperature of less
than 20°C. At this temperature, DHCA was used to facilitate
surgical dissection. Once the dissection was completed,
mechanical ventilation was started (fraction of inspired oxygen
[FiO,] 0.21, tidal volume 5 ml/kg, rate 10, positive end-
expiratory pressure 6 cm H,O) and the body was progressively
rewarmed to 37°C. Thereafter, oxygen concentration was
increased to FiO, 0.6, spontaneous circulation was resumed,
the patient was weaned from cardiopulmonary bypass, and the
chest was closed. The patient was transferred to the ICU
intubated and under mechanical ventilation.

Perioperative Analgesia Management

In all patients, the intraoperative analgesia consisted of
1,000 pg of fentanyl, and hypnosis was achieved with a
propofol infusion of 4 to 6 mg/kg/h.

After extubation, patients received analgesia tailored to their
analgesic requirements. Acetaminophen was the first-line
analgesic and administered routinely for the first 48 hours.
The second-line analgesic was dihydrocodeine or tramadol, and
the third-line analgesic was morphine infusion or oral
morphine.

Intensive Care Management

In the early postoperative period all patients underwent
sedation with propofol infusion at 2 mg/kg/h. As part of the
standard postoperative protocol, patients received mannitol,
12.5 g every 6 hours, and diuretic therapy with furosemide,
both strategies performed with the objective of reducing
pulmonary edema. Once hemodynamic and respiratory stability
were achieved, the protocol of weaning the patient from
mechanical ventilation was started.

The oxygen concentration was reduced progressively—
every 2 hours—by decreasing FiO, to 0.40, aiming for a
systemic pO, above 12 kPa. Once this was achieved, positive
end-expiratory pressure was decreased at a rate of 1 cm H,O
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every hour to a minimum of 2 cm H,O. Sedation then was
stopped, enabling a neurologic assessment to proceed with
extubation.

Postoperative Pain Assessment

Pain scores were recorded by nursing staff. The post-
operative pain was recorded in a categoric 4-level verbal scale,
from the absence of pain (0) to mild pain (1), moderate pain (2)
or severe pain (3). The pain score was assessed at 3 post-
operative times in the PTE group at 24 hours, 36 hours, and
48 hours.

Chronic Pain Unit Referral

Data regarding the need for specialized chronic pain
analgesic treatment were collected from patient discharge to
August 2015. After discharge all PEA patients were followed
up by a specialist nurse who interviewed the patients via
telephone at the following postoperative times: between 1 to 2
weeks and between 3 to 4 months after hospital discharge. In
the first year after surgery all patients were seen in the
pulmonary hypertension clinic by a surgeon. Patients with
persistent postoperative pain were referred to the chronic pain
unit of the same center where the surgery had been performed.

Statistical Analysis

Because of the exploratory and descriptive character of this
retrospective study, no formal sample size estimation was
performed. The sample size of the PTE group was defined as
all patients who underwent surgery during the inclusion period
between August 2012 and August 2014.

A descriptive analysis was performed for baseline popula-
tion characteristics. Continuous variables were described as
mean (standard deviation [SD]), and categoric data were
summarized as absolute frequency and percentages.

RESULTS
Patient Characteristics

All consecutive patients who underwent surgery in the
cardiovascular surgery department who fulfilled the inclusion
criteria were identified and included in the analysis. The study
included 200 PEA patients (109 men and 91 women). The
baseline characteristics of the patients included in the study are
presented in Table 1. The mean (SD) mechanical ventilation
time for PEA patients was 1,159 (655) minutes.

Table 1. Baseline Characteristics of All Patients With Pulmonary
Endarterectomy (n = 200)

PEA
Age (y)
Mean (SD) 56.8 (15.3)
Sex

Male (n, [%])/female (n, [%])
Intraoperative
Methylprednisolone (yes)

109 (54.5%)/91 (45.5%)

200 (100%)

Abbreviations: PEA, pulmonary endarterectomy; SD, standard
deviation.
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