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This case report describes the treatment of reperfusion lung
oedema after pulmonary thromboendarterectomy using intra-
venous iloprost infusion in a 52-year-old woman diagnosed
with chronic thromboembolic pulmonary hypertension.

C
hronic thromboembolic pulmonary hypertension
(CTEPH) is the result of chronic obstruction of the
pulmonary arteries by thrombi which ultimately leads to

right heart failure and death. Pulmonary thromboendarter-
ectomy (PTE) has emerged as a standard therapeutic approach.1

Reperfusion lung oedema (RLE), which presents as acute
deteriorating oxygenation and postoperative pulmonary hyper-
tension, is the single most frequent complication of PTE.
Mechanical ventilation and inhaled nitric oxide (NO) have been
advocated to improve RLE, but this treatment does not work in
all patients.2 We describe a case of RLE after PTE who
responded poorly to mechanical ventilation and inhaled NO
but was successfully treated with intravenous iloprost given for
7 days.

CASE REPORT
A 52-year-old woman presented at the hospital with severe
exercise limitation and worsening dyspnoea. A chest radio-
graph showed bilateral prominent hilar shadows and a spiral
chest CT scan revealed a large pulmonary embolism in the right
main pulmonary artery, extending to the right middle and right
lower lobar arteries (fig 1). A lung scan showed a global
decrease in perfusion to the right lung, with additional defects
involving the right middle and lower lobes. The ventilation scan
was normal and there was no laboratory evidence of deep
venous thrombosis. CTEPH was diagnosed, and treatment was
started with high-dose intravenous heparin followed by oral
anticoagulation therapy. A repeat lung scan and chest CT scan
12 months later showed no resolution of the thrombus. The
NYHA functional class deteriorated from III to IV and the

patient was referred to our institution for surgical intervention.
An uneventful right PTE was performed. The patient was
admitted to the ICU and extubated smoothly on the first
postoperative day. Prostaglandin E1 and nitroglycerin were
given and adjusted during the operation and throughout the
ICU stay. The mean pulmonary artery pressure (mPAP) and
pulmonary vascular resistance (PVR) decreased from
50 mm Hg and 422 dyne/s/cm5 preoperatively to 25 mm Hg
and 240 dyne/s/cm5 postoperatively, and the ratio of arterial
oxygen tension to fraction on inspired oxygen (PaO2/FiO2 ratio)
increased from 139 to 317 (table 1). On postoperative day 2 the
chest radiograph revealed dense opacity in the right lung field,
in the regions of the lung recently supplied by blood from
arteries opened by endarterectomy (fig 2A). There were no
signs of active infection or pneumonia. The mPAP and PVR
increased to 42 mm Hg and 395 dyne/s/cm5, respectively, and
the PaO2/FiO2 ratio was only 70 (table 1). A diagnosis of RLE
was made and the patient was reintubated and inhalant NO
administered at 20 parts per million (ppm). After 1 h of inhaled
NO the patient experienced little improvement: mPAP
40 mm Hg; PVR 387 dyne/s/cm5; PaO2/FiO2 ratio 110 (table 1).
Intravenous iloprost (Ilomedin, 20 mg/ml, Schering AG, Berlin,
Germany) was initiated and maintained at a dose of 0.5 ng/kg/
min. After 30 min of treatment with iloprost the clinical
parameters were greatly improved: the PaO2/FiO2 ratio increased
to 408 and the mPAP and PVR were reduced to 30 mm Hg and
265 dyne/s/cm5, respectively (table 1). The patient was success-
fully weaned from the ventilator on postoperative day 4 and the
iloprost dose was tapered off on postoperative day 8. Chest
radiography performed on postoperative day 8 revealed a nearly
clear lung field (fig 2B) and the patient was discharged on
postoperative day 14. At follow-up 1 month later the patient’s
functional status was improved from NYHA class IV to I and
the 6 min walk distance increased from 195 m preoperatively to
432 m postoperatively.

DISCUSSION
The most important factor complicating the early postoperative
period after PTE is RLE.1 2 Case studies have reported the
advantages of inhalant NO in the treatment of RLE,3 but a
recent randomised controlled study found no response in these
patients.4 Furthermore, rebound pulmonary hypertension and
possible build-up of oxygen radicals limit the use of NO.
Therefore, in patients with RLE not responsive to inhaled NO
and mechanical ventilation, the dilemma remains as to how to
resolve poor oxygenation, high PVR, and critical pulmonary
hypertension.

Iloprost, a stable analogue of prostacyclin, has a selective
vasodilator effect on the pulmonary vasculature and markedly

Figure 1 Chest CT scan showing pulmonary thromboembolus extending
to the right middle and lower pulmonary arteries.

Abbreviations: CTEPH, chronic thromboembolic pulmonary hypertension;
FiO2, fraction of inspired oxygen; NO, nitric oxide; PaO2, arterial oxygen
pressure; PAP, pulmonary artery pressure; PTE, pulmonary
thromboendarterectomy; PVR, pulmonary vascular resistance; RLE,
reperfusion lung oedema
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lowers PVR.5 Olschewski et al6 showed that long-term inhala-
tion of aerosolised iloprost in patients with CTEPH resulted in
improvement in the clinically important end points of exercise
capacity, NYHA class, and overall clinical condition. Kramm
and colleagues7 reported that aerosolised iloprost improved
the early postoperative haemodynamics and reduced RLE
in patients with CTEPH following PTE. However, a major

drawback of this inhalation therapy is the relatively short
duration of action, with the haemodynamic effects detectable
for only 30–60 min after each inhalation. Theoretically, a
minimum of 12 inhalations per 24 h would be required to
achieve ‘‘continuous’’ haemodynamic efficacy for treatment of
critical RLE. Furthermore, in intubated patients, a special
inhalation device and jet nebuliser is needed to administer and
aerosolise the drug. Concern has therefore been raised that the
inhaled form of iloprost may be less effective and practical than
the intravenous form. In our case, intravenous iloprost was
administered instead of intravenous epoprostenol, since ilo-
prost is much more stable and the longer half-life makes
iloprost potentially safer than epoprostenol.5

It is reasonable to doubt the beneficial effect of iloprost
infusion since most cases of RLE recover with supportive care.
However, Daily et al reported that the most significant cause of
death after PTE in 149 patients was respiratory failure, a
consequence of RLE associated with 59% of deaths.8

Furthermore, Levinson and colleagues reported that 5 of 21
patients who developed RLE needed more than 2 weeks for the
pulmonary infiltrates to clear on the chest radiograph under
supportive care, and 3 of them required more than 3 weeks to
recuperate.9 We were able to wean our patient off mechanical
ventilation 3 days after intravenous iloprost treatment.
Subsequent chest radiographs showed that the opaque area of
RLE was quickly resolved. This implies that both the time to
clearance of RLE and the duration of mechanical ventilation
might be reduced with intravenous iloprost.

There may be some concern as to whether inhalation of
20 ppm NO for 1 h is enough to achieve maximal vasodilation;
that is, whether the concentration or the duration of treatment
is sufficient. Recent investigations have shown that the
maximum effect on PAP is achieved with NO concentrations
between 10 and 20 ppm, and higher concentrations do not
augment the vasodilatory action.10 Imanaka et al3 reported that
inhaled NO at 20 ppm administered for 30 min after PTE
improved oxygenation and decreased PVR. In our case there
was no sign of clinical improvement after inhalation of 20 ppm
NO for 1 h. It is therefore reasonable to assume that the RLE
did not respond to NO treatment. However, the reasons for the
ineffectiveness of inhaled NO remain unclear.

In summary, continuous intravenous iloprost appears to be
effective in improving postoperative hypoxia and decreasing
raised pulmonary hypertension and PVR associated with RLE
following PTE when mechanical ventilation and inhaled NO
fail. In specific cases such as ours, short-term treatment with
low-dose continuous intravenous iloprost can make a major
and safe contribution to the management of these post-
operative complications.
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Figure 2 (A) Chest radiograph on postoperative day 2 showing a dense
opacity in the right lung field following pulmonary thromboendarterectomy.
(B) Chest radiograph on postoperative day 8 showing a nearly clear lung
field after 7 days of treatment with intravenous iloprost.

Table 1 Changes in haemodynamic parameters before and after pulmonary
thromboendarterectomy

Pre-op POD 1

POD 2

Oxygen mask
1 h after NO
inhalation

30 min after
iloprost

mPAP (mm Hg) 50 25 42 40 30
PVR (dyne/s/cm5) 422 240 395 387 265
PaO2/FiO2 (mm Hg) 139 317 70 110 408

Pre-op, preoperatively; POD, postoperative day; mPAP, mean pulmonary artery pressure; PVR, pulmonary vascular
resistance; PaO2, arterial oxygen tension; FiO2, fraction of inspired oxygen.

460 Hsu, Chen, Chen, et al

www.thoraxjnl.com



Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

H-H Hsu, J-S Chen, Y-S Chen, W-J Ko, S-W Kuo, Y-C Lee, Department of
Surgery, National Taiwan University Hospital and National Taiwan
University College of Medicine, Taipei, Taiwan
S-W Kuo, Y-C Lee, Department of Traumatology, National Taiwan
University Hospital and National Taiwan University College of Medicine,
Taipei, Taiwan

Funding: None.

Competing interests: None declared.

Correspondence to: Dr Yung-Chie Lee, Department of Surgery and
Traumatology, National Taiwan University Hospital, No 7 Chung-Shan
South Road, Taipei, Taiwan; wuj@ha.mc.ntu.edu.tw

Received 15 August 2005
Accepted 21 November 2005

REFERENCES
1 Jamieson JW, Kapelanski DP, Sakakibara N, et al. Pulmonary endarterectomy:

experience and lessons learned in 1500 cases. Ann Thorac Surg
2003;76:1457–64.

2 Hartz RS. Surgery for chronic thromboembolic pulmonary hypertension.
World J Surg 1999;23:1137–47.

3 Imanaka H, Miyano H, Takeuchi M, et al. Effects of nitric oxide inhalation after
pulmonary thromboendarterectomy for chronic pulmonary thromboembolism.
Chest 2000;118:39–46.

4 Parquin F, Auriant J, Chajllot A, et al. The use of NO in prevention of reperfusion
edema following pulmonary thromboendarterectomy. Am J Respir Crit Care Med
2002;165:A18.

5 Opitz CF, Wensel R, Bettmann M, et al. Assessment of the vasodilator
response in primary pulmonary hypertension. Comparing prostacyclin and
iloprost administered by either infusion or inhalation. Eur Heart J
2003;24:356–65.

6 Olschewski Horst, Simonneau G, Galie N, et al. Inhaled iloprost for severe
pulmonary hypertension. N Engl J Med 2002;347:322–9.

7 Kramm T, Eberle B, Krummenauer F, et al. Inhaled iloprost in patients with
chronic thromboembolic pulmonary hypertension: effects before and after
pulmonary thromboendarterectomy. Ann Thorac Surg 2003;76:711–8.

8 Daily PO, Dembitzsky WP, Iversen S, et al. Current early results of pulmonary
thromboendarterectomy for chronic pulmonary embolism. Eur J Cardiothorac
Surg 1990;4:117–23.

9 Levinson RM, Shure D, Moser KM. Reperfusion pulmonary edema after
pulmonary thromboendarterectomy. Am Rev Respir Dis 1986;134:1241–5.

10 Sitbon O, Brenot F, Denjean A, et al. Inhaled nitric oxide as a screening
vasodilator agent in primary pulmonary hypertension: a dose-response
study and comparison with prostacyclin. Am J Respir Crit Care Med
1995;151:384–9.

LUNG ALERT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Continuous administration of cefotaxime at exacerbation of COPD
m van Zanten ARH, Oudijk M, Nohlmans-Paulssen MKE, et al. Continuous vs intermittent cefotaxime administration in patients
with chronic obstructive pulmonary disease and respiratory tract infections: pharmacokinetics/ pharmacodynamics, bacterial
susceptibility and clinical efficacy. Br J Clin Pharm 2007;63:100–9.

T
his randomised prospective non-blinded study compared the pharmacokinetics, pharmaco-
dynamics, antibiotic resistance and clinical efficacy of continuous vs intermittent
administration of cefotaxime in 93 patients with chronic obstructive pulmonary disease

(COPD) requiring hospitalisation for moderate to severe community acquired exacerbations
(GOLD stages 2–4). Forty-seven patients received 2 g of cefotaxime as a continuous infusion over
24 h plus a loading dose of 1 g, while 46 patients received the drug intermittently (1 g three
times daily). The mean duration of treatment was 10 days.

The most commonly isolated pathogens were Haemophilus influenzae, Streptococcus pneumoniae
and Moraxella catarrhalis. Clinical cure was achieved in 37/40 (93%) with continuous infusion and
40/43 (93%) with intermittent administration (p = 0.93). No patients in the continuous group
had antibiotic concentrations lower than minimal inhibitory concentration (MIC) compared
with 40% in the intermittent group. Samples with ,5 MIC (the optimal bactericidal
concentration) were found in no patients on continuous infusion but 65% in the intermittent
group. Serum drug concentrations ,5 MIC for more than 30% of the treatment time (a feature
associated with risk of antibiotic resistance) did not occur in patients in the continuous group
compared with 45% in the intermittent group (all p,0.01). The mean MIC values were similar
before and after treatment in both groups.

The authors conclude that continuous administration of b lactam antibiotics such as
cefotaxime preceded by a loading dose is equally effective compared with intermittent bolus
administration and has potentially important pharmacological advantages, may be more cost-
effective and could help to decrease staff workload. Long-term effects on antibiotic resistance are
yet to be determined. It is worth remarking that these exacerbations included patients with
radiological infiltrates, and that intravenous cefotaxime is not first line treatment in
uncomplicated exacerbations of COPD.
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