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ABSTRACT: We conducted an international, prospective, 3-year questionnaire-based survey

among 11 pulmonary hypertension centres to assemble data from patients with pulmonary arterial

hypertension (PAH) undergoing noncardiac and nonobstetric surgery.

Data were collected between July 2007 and June 2010 from 114 patients with PAH (70% female,

mean age 57 years) who underwent major surgery. At the time of surgery, 43% were in functional

class III/IV. 82% of the interventions were performed under general anaesthesia and 18% under

spinal anaesthesia. Major complications occurred in seven (6.1%) of the patients, of whom four

died, resulting in an overall perioperative mortality rate of 3.5%. The mortality rate was 15% (two

out of 13) in emergency procedures, compared with 2% (two out of 101) in nonemergency

procedures (p50.01). Risk factors for major complications were an elevated right atrial pressure

(OR 1.1, 95% CI 1.0–1.3; p50.01), a 6-min walking distance ,399 m at the last preoperative

assessment (OR 2.2, 95% CI 1.1–3.7; p50.04), the perioperative use of vasopressors (OR 1.5, 95%

CI 1.2–2.7; p50.03) and the need for emergency surgery (OR 2.4, 95% CI 1.4–3.6; p50.01).

Major surgery in patients with PAH continues to be a high-risk procedure, particularly when

emergency interventions are needed.
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P
atients with pulmonary hypertension
(PH), in particular those with pulmonary
arterial hypertension (PAH) [1], are at

high risk when undergoing anaesthesia and
major surgery [2–6]. The perioperative manage-
ment of these patients can be challenging as it is
frequently complicated by a systemic inflamma-
tory response, profound hypoxaemia, worsening
of PH and right heart failure (sometimes pre-
senting as so-called pulmonary hypertensive
crisis) [7]. In addition, pre-treatment with anti-
coagulants and prostacyclin analogues increases
the risk of bleeding complications.

In a study by RAMAKRISHNA et al. [8], which
included 145 surgical patients with various forms
of PH, the perioperative mortality rate was 7%.
MINAI et al. [9] reported a mortality rate of 18%
among 21 patients with well-defined PAH under-
going noncardiac surgery. Both studies were retro-
spective in design and included patients treated up

to 2003, i.e. before modern therapies for PAH
became widely available [6]. More recently, PRICE

et al. [10] reported on another retrospective series of
28 patients (20 PAH and eight chronic thromboem-
bolic PH) undergoing noncardiothoracic nonobste-
tric surgery between 2000 and 2007, with a
mortality rate of 7%. It is possible that with
contemporary PAH treatment [6, 11], modern
anaesthesia [4, 7, 12, 13] and modern intensive care
management [14, 15], surgery may be associated
with better outcomes in this patient population [16].

We conducted a 3-year, prospective international
survey to provide a more comprehensive over-
view of current practices and outcomes of non-
cardiac and nonobstetric surgery in patients with
PAH under follow-up at specialised PH centres.

METHODS
This was a prospective, multicentre, interna-
tional, noninterventional survey of surgery or
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pregnancy in patients with PAH (the results from the
pregnancy part of the study have already been published
elsewhere [17]). The project was investigator-initiated. Data
were collected between July 1, 2007 and June 30, 2010. All
participating centres were university hospitals with expertise
in PAH. Data from patients diagnosed with PAH who
underwent noncardiac surgical interventions during the study
period were collected, regardless of whether the procedures
were performed in the centre or at another hospital.

Inclusion criteria were an established diagnosis of PAH
according to current criteria (including ascertainment of
diagnosis by right heart catheterisation showing a mean
pulmonary artery pressure o25 mmHg at rest and a pulmon-
ary capillary wedge pressure f15 mmHg) in male and female
patients aged o18 years, undergoing planned or unplanned
noncardiac surgical intervention requiring general or spinal
anaesthesia. Patients were excluded if they suffered from other
forms of PH or when they underwent minor surgery not
requiring general or spinal anaesthesia. Patients undergoing
obstetric surgery, cardiac surgery or lung transplantation were
also excluded. The investigators completed structured ques-
tionnaires for every patient fulfilling the inclusion and
exclusion criteria. The questionnaire can be found in the
online supplementary material. The data set included age at
surgery, sex, type of PAH, New York Heart Association
(NYHA) functional class, 6-min walking distance (6MWD) and
haemodynamics at last assessment before surgery, background
medication including anticoagulation, and details on the
surgical procedure including setting (PH centre versus other
hospital), urgency (elective, intermediate or emergency),
perioperative complications, type of anaesthesia, medications
and outcome.

Perioperative complications were defined as those occurring
during anaesthesia, surgery, the same hospital stay, or during
the first 28 post-operative days. Major complications were pre-
specified as any of the following: major bleeding with
estimated blood loss .1 L; systemic inflammatory response
or septicaemia requiring catecholamine therapy; right heart
failure requiring inotropic support; or any death during the
hospital stay.

Institutional review board approval and informed consent
Institutional review board approval was obtained from all
participating centres before start of the survey. Informed
consent was obtained where required by local regulations. In
some countries, informed consent was waived due to the
noninterventional design of the survey and full data protec-
tion. Where required, informed consent was obtained prior to
surgery from all patients undergoing planned surgery. Post hoc
informed consent was obtained, when possible, after
unplanned surgery. Informed consent was waived if patients
died during or after unplanned surgery, in order to avoid bias.

Statistical analysis
Categorical data are displayed as number of patients and
respective relative frequency as percentage. For continuous
data, normally distributed data are displayed as mean¡SD;
otherwise, median (interquartile range) are shown. For
comparison of continuous data, group differences for normally
distributed data were tested with a two-sided t-test; otherwise,

a two-sided Mann–Whitney U-test was used. Frequency
distributions between the groups were compared using the
Chi-squared test or Fisher’s test. Univariate regression ana-
lyses were used to identify risk factors of major complications.
A p-value ,0.05 was considered significant.

RESULTS
Of the 19 PH centres originally invited, 13 agreed to participate
and 11 submitted their data (table S1). These 11 centres
confirmed complete enrolment of all patients fulfilling the
inclusion criteria. Thus, this survey enrolled 114 consecutive
patients undergoing noncardiac, nonobstetric surgery from 11
PAH centres. Details of these patients are shown in table 1. At
the time of surgery, all patients received targeted medical
therapy for PAH and suffered from moderate-to-severe
functional impairment, with 54% of them presenting in
NYHA functional class I or II. The median 6MWD (assessed
within 6 months before surgery) was 399 m. The last haemo-
dynamic assessments prior to surgery (median interval
between right heart catheterisation and surgery: 9 months,
range 4–26 months) showed an average right atrial pressure of
7 mmHg, mean pulmonary artery pressure of 45 mmHg,
pulmonary vascular resistance of 579 dyn?s?cm-5 and cardiac
index of 2.9 L?min-1?m-2, indicating relatively well preserved
right ventricular function in most patients.

The majority (82%; n593) of the operations were performed
under general anaesthesia, while the remaining 18% (n521)
were performed under spinal anaesthesia. 70 (61%) of the
surgical interventions were elective, 31 (27%) were of
intermediate urgency and 13 (11%) were classified as emer-
gency interventions. 75% of all surgical procedures and 57% of
the emergency interventions were performed in PH centres.
There were no differences in baseline variables between
patients undergoing emergency and nonemergency surgery
(table S2). The majority of surgical interventions were abdom-
inal, followed by trauma/orthopaedic surgery, gynaeco-
logical/urological surgery and others (table 1 and table S3).

The PAH medications were continued throughout the peri-
operative period in almost all cases. 20 (18%) of the patients
had one or more PAH medications added during the
perioperative period (inhaled nitric oxide n54; inhaled iloprost
n512; i.v. prostacyclin analogues n52; phosphodiesterase type
5 inhibitors n53; and endothelin receptor antagonists n51).
Oral anticoagulants were always discontinued prior to
surgery. Some centres routinely used pre-operative heparin
when the international normalised ratio was ,2.0 while other
centres restarted anticoagulation only after surgery. Almost all
patients were scheduled for intensive care unit treatment after
the procedures. A Swan–Ganz catheter was used for peri-
operative haemodynamic monitoring in 15 (13%) patients.

Major complications occurred in seven (6.1%) of the surgical
interventions (table 2). Three patients required catecholamine
therapy for post-operative right heart failure and recovered.
Four (3.5%) patients died. Three of the fatalities occurred after
abdominal surgery and one was associated with hip replace-
ment after traumatic fracture. Three of these interventions
were performed under general anaesthesia and one under
spinal anaesthesia. Causes of death were sepsis and/or right
heart failure in all cases.
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TABLE 1 Baseline characteristics (last measurements prior to surgery) of the entire patient population and of patients with or
without major perioperative complications (POCs)

All patients POC No POC

Subjects n 114 7 107

Age years 57 (48–67) 54 (46–67) 57 (48–67)

Female 80 (70) 5 (71) 75 (70)

Type of PAH

Idiopathic PAH 57 (50) 2 (28.6) 51 (48)

Familial PAH 2 (1.8) 1 (14) 1 (1)

Associated PAH 55 (48) 4 (57) 55 (51)

NYHA class#

NYHA I/II 61 (54) 1 (14) 60 (56)

NYHA III/IV 49 (43) 6 (86) 43 (41)

6MWD"

6MWD ,399 m 46 (40) 6 (86) 40 (37)

6MWD o399 m 49(43) 1 (14) 48 (45)

Haemodynamics

mRAP+ mmHg 7 (3–10) 7 (4–10) 7 (3–10)

mPAP1 mmHg 45 (38–55) 49 (38–58) 45 (38–55)

mPCWPe mmHg 9 (6–12) 9 (7–12) 9 (6–12)

Cardiac output## L?min-1 5.0 (4.2–5.9) 5.1 (4.3–6.0) 5 (4.2–5.9)

Cardiac index"" L?min-1?m-2 2.9 (2.5–3.5) 2.9 (2.4–3.3) 2.9 (2.5–3.5)

PVR+ dyn?s?cm-5 579 (368–804) 616 (368–952) 579 (368–804)

SvO2
++ % 66 (63–70) 66 (62–69) 66 (63–70)

Interval between last RHC and surgery months 9 (4–26) 6 (3–14) 9 (4–26)

Type of surgery

Abdominal 45 (39) 4 (57) 41 (38)

Gynaecology/urology 22 (19) 1 (14) 21 (20)

Trauma/orthopaedic 21 (18) 1 (14) 20 (19)

Other 26 (22) 1 (14) 27 (25)

Location of surgery

PH centre 86 (75) 4 (57) 82 (77)

Other 28 (25) 3 (43) 25 (23)

Urgency

Elective/intermediate 101 (89) 3 (43) 98 (92)

Emergency 13 (11) 4 (57) 9 (8)

Monotherapy

PDE5I 17 (15) 1(14) 16 (15)

ETRA 23 (20) 2 (28) 21 (20)

Prostanoid (nebulised) 1 (1) 0 (0) 1 (1)

Prostanoid (parenteral) 11 (10) 1 (14) 10 (10)

Combination therapy

ETRA + PDE5I 22 (19) 0 (0) 22 (21)

ETRA + PDE5I + prostanoid (nebulised) 2 (2) 1 (14) 1 (1)

ETRA + PDE5I + prostanoid (parenteral) 6 (5) 0 (0) 6 (6)

Prostanoid (nebulised) + PDE5I 1 (1) 0 (0) 1 (1)

Prostanoid (parenteral) + PDE5I 9 (8) 0 (0) 9 (8)

ETRA + prostanoid (nebulised) 2 (2) 0 (0) 2 (2)

ETRA + prostanoid (parenteral) 1 (1) 0 (0) 1 (1)

Data are presented as median (interquartile range) or n (%), unless otherwise stated. PAH: pulmonary arterial hypertension; NYHA: New York Heart Association; 6MWD:

6-min walking distance; mRAP: mean right artery pressure; mPAP: mean pulmonary artery pressure; mPCWP: mean pulmonary capillary wedge pressure; PVR:

pulmonary vascular resistance; SvO2: mixed venous oxygen saturation; RHC: right heart catheterisation; PH: pulmonary hypertension; PDE5I: phosphodiesterase-5-

inhibitor; ETRA: endothelin receptor antagonist. #: missing, n54; ": missing, n59; +: n5111; 1 : n5114; e: n5106; ##: n5113; "": n5100; ++: n587.
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Risk factors for major complications after surgery were: a
6MWD ,399 m and a right atrial pressure .7 mmHg on the
last assessments prior to surgery; intra- or post-operative need
for vasopressors; and the need for emergency surgery (table 3).
The mortality rate associated with emergency surgery was two
(15%) out of 13 compared to two (2%) out of 101 in
nonemergency surgery (p50.01 Fisher’s test).

DISCUSSION
To the best of our knowledge, this is the first prospective,
multicentre assessment of outcomes after noncardiac, non-
obstetric surgery in patients with a catheter-based diagnosis of
PAH. Our data showed an overall mortality rate of 3.5%. The
highest mortality rate (15%) was seen in emergency pro-
cedures, while the mortality rate in nonemergency surgery was
2%. Besides the need for emergency surgery, other factors
associated with perioperative complications were lower pre-
operative 6MWD, higher right atrial pressure and the require-
ment for catecholamines during the perioperative period.

The mortality rates observed in this survey appear somewhat
lower than those reported in previous series of patients with
PH undergoing surgery [8, 9, 10]. Comparisons, however, are
difficult. RAMAKRISHNA et al. [8] studied patients with various
forms of PH and the diagnoses were mainly based on
echocardiography (estimated right ventricular systolic pres-
sure .35 mmHg) with confirmation by right heart catheterisa-
tion in only 68 (47%) out of 145 patients. Surgery-associated
mortality was 7%, with the majority of deaths being attributed
to respiratory or right heart failure, but it is unclear how many
of these patients had an ascertained diagnosis of PAH. In
contrast, MINAI et al. [9] evaluated 28 surgical procedures in 21
patients with well-defined PAH and reported a mortality rate
of 18%, predominantly due to right heart failure. Both series

TABLE 3 Univariate analysis of risk factors for major
complications after surgery in patients with
pulmonary arterial hypertension

OR (95% CI) p-value

Age years 0.9 (0.9–1.0) 0.52

6MWD m 2.2 (1.1–3.7) 0.04

NYHA functional class 1.04 (0.5–2.0) 0.72

mRAP mmHg 1.1 (1.0–1.3) 0.01

Cardiac index L?min-1?m-2 1.6 (0.92–4.9) 0.36

mPAP mmHg 0.97 (0.8–1.1) 0.21

PVR dyn?s?cm-5 0.91 (0.78–1.1) 0.22

SvO2 % 1.2 (0.9–1.3) 0.07

Surgery performed in PH

centre

0.2 (0.05–1.0) 0.06

General versus spinal

anaesthesia

1.9 (0.3–2.7) 0.50

Use of vasopressors 1.5 (1.2–2.7) 0.03

Emergency procedure 2.4 (1.4–3.6) 0.01

6MWD: 6-min walking distance; NYHA: New York Heart Association; mRAP:

mean right artery pressure; mPAP: mean pulmonary artery pressure; PVR:

pulmonary vascular resistance; SvO2: mixed venous oxygen saturation; PH:

pulmonary hypertension.T
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enrolled most of their patients before 2002; i.e. before most of
the modern treatments for PAH became widely available. A
more recent study from France reported two deaths (7%) among
28 patients with PAH or chronic thromboembolic PH enrolled
between 2000 and 2007 [10]. Of note, the two fatal outcomes seen
in that study occurred during emergency procedures.

The present series provides the largest data set of patients with
a well-established diagnosis of PAH undergoing surgery and it
indicates that the associated mortality, although still consider-
able, is not as high as previously reported, especially in
nonemergency procedures. It is important to note that all of
our patients received targeted therapy for PAH and their
diseases appeared relatively well controlled, as indicated by a
median 6MWD of 399 m at the last assessment (within
6 months before surgery) and the fact that 54% of the patients
were in NYHA functional class I/II at the time of surgery. This
may, in part, explain the low mortality rate of 2% among
patients who had nonemergency surgical interventions.
Specifically, only one of these patients died from right heart
failure, while the other died from sepsis after cholecystectomy.
The vast majority of patients who had elective surgical
interventions survived, most of them without experiencing
major complications. Elective procedures were preferentially
performed in the PH centres, which might have contributed to
the relatively good outcome. The sample size of the present
study was too small to assess the effect of centre volume and
experience on the post-operative outcome. We were unable to
collect detailed data on the perioperative management of all
patients, but it appears that modern anaesthesiology is capable
of preventing haemodynamic deterioration in most cases.
Although there is consensus amongst anaesthesiologists that
regional anaesthesia is preferred over general anaesthesia in
patients with PH [18, 19], there is no indication from our study
that general anaesthesia is associated with more frequent or
more serious complications than regional anaesthesia.
However, our study was not sufficiently powered to compare
the risks and complication of these approaches. Two recent
papers on pregnancy in patients with PAH from two centres
using disparate approaches to anaesthesia (one utilising almost
exclusively epidural/spinal anaesthesia and one using exclu-
sively general anaesthesia) reported similar outcomes, suggest-
ing that both approaches are appropriate [20, 21].

In addition, the present study was not designed to assess the
usefulness of intra-operative haemodynamic monitoring using
a Swan–Ganz catheter. Since the majority (87%) of the surgical
interventions did not use a Swan–Ganz catheter, it appears that
they are not necessary in patients with stable disease.
However, it is unclear whether the use of Swan–Ganz catheters
or other devices to measure pulmonary vascular pressures and
cardiac output may help to improve the outcome of selected
patients presenting in an unstable haemodynamic situation.

There are several limitations to this study. Although being one
of the largest surveys of its kind, the sample size is still small
and the number of events is limited, prohibiting detailed
analyses of risk factors for major complications and death. As
this was a multicentre, multinational survey many centres
used anaesthetic strategies; details of which we did not collect.
Missing data cannot be fully excluded although all centres did
follow their patients on a regular basis, making it unlikely that

surgeries would have been missed, especially when associated
with serious complications or even death. Our study included
mainly patients with relatively well-controlled PAH, indicating
that surgery is avoided in patients with advanced disease. Our
results may therefore not be applicable to patients with severe
PAH and/or manifest right heart failure. Importantly, there are
no standard guidelines for management of these patients in the
perioperative or post-operative periods. Our physicians may
have applied simple measures such as meticulous use of
anticoagulants, fluid balance, oxygen requirements, blood
pressure or heart rate goals that allowed for better outcomes.
Future studies are needed to determine this in detail.

In summary, noncardiac, nonobstetric surgery in patients with
PAH is still associated with a considerable risk, but morbidity
and mortality are lower than previously reported, at least in
patients with well-controlled disease undergoing elective
surgery. However, emergency procedures in patients with
PAH continue to be associated with a high mortality.
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6 Galiè N, Hoeper MM, Humbert M, et al. Guidelines for the
diagnosis and treatment of pulmonary hypertension. Eur Respir J
2009; 34: 1219–1263.

7 Forrest P. Anaesthesia and right ventricular failure. Anaesth

Intensive Care 2009; 37: 370–385.
8 Ramakrishna G, Sprung J, Ravi BS, et al. Impact of pulmonary

hypertension on the outcomes of noncardiac surgery: predictors of
perioperative morbidity and mortality. J Am Coll Cardiol 2005; 45:
1691–1699.

9 Minai OA, Venkateshiah SB, Arroliga AC. Surgical intervention in
patients with moderate to severe pulmonary arterial hypertension.
Conn Med 2006; 70: 239–243.

PULMONARY VASCULAR DISEASE S. MEYER ET AL.

1306 VOLUME 41 NUMBER 6 EUROPEAN RESPIRATORY JOURNAL

www.erj.ersjournals.com


10 Price LC, Montani D, Jais X, et al. Noncardiothoracic nonobstetric
surgery in mild-to-moderate pulmonary hypertension. Eur Respir J

2010; 35: 1294–1302.
11 McLaughlin VV, Archer SL, Badesch DB, et al. ACCF/AHA 2009

expert consensus document on pulmonary hypertension: a report of
the American College of Cardiology Foundation Task Force on
Expert Consensus Documents and the American Heart Association:
developed in collaboration with the American College of Chest
Physicians, American Thoracic Society, Inc., and the Pulmonary
Hypertension Association. Circulation 2009; 119: 2250–2294.

12 Carmosino MJ, Friesen RH, Doran A, et al. Perioperative complications
in children with pulmonary hypertension undergoing noncardiac
surgery or cardiac catheterization. Anesth Analg 2007; 104: 521–527.

13 Gordon C, Collard CD, Pan W. Intraoperative management of
pulmonary hypertension and associated right heart failure. Curr

Opin Anaesthesiol 2010; 23: 49–56.
14 Sztrymf B, Souza R, Bertoletti L, et al. Prognostic factors of acute

heart failure in patients with pulmonary arterial hypertension. Eur

Respir J 2010; 35: 1286–1293.

15 Hoeper MM, Granton J. Intensive care unit management of
patients with severe pulmonary hypertension and right heart
failure. Am J Respir Crit Care Med 2011; 184: 1114–1124.

16 Gomberg-Maitland M. Defend the right ventricle with what you
know. Eur Respir J 2010; 35: 1203–1205.

17 Jais X, Olsson KM, Barbera JA, et al. Pregnancy outcomes in
pulmonary arterial hypertension in the modern management era.
Eur Respir J 2012; 40: 881–885.

18 Martin JT, Tautz TJ, Antognini JF. Safety of regional anesthesia in
Eisenmenger’s syndrome. Reg Anesth Pain Med 2002; 27: 509–513.

19 Bedard E, Dimopoulos K, Gatzoulis MA. Has there been any
progress made on pregnancy outcomes among women with
pulmonary arterial hypertension? Eur Heart J 2009; 30: 256–265.

20 Curry RA, Fletcher C, Gelson E, et al. Pulmonary hypertension and
pregnancy – a review of 12 pregnancies in nine women. BJOG

2012; 119: 752–761.
21 Kiely DG, Condliffe R, Webster V, et al. Improved survival in

pregnancy and pulmonary hypertension using a multiprofessional
approach. BJOG 2010; 117: 565–574.

S. MEYER ET AL. PULMONARY VASCULAR DISEASE

EUROPEAN RESPIRATORY JOURNAL VOLUME 41 NUMBER 6 1307


	Table 1
	Table 3
	Table 2
	Ref 1
	Ref 2
	Ref 3
	Ref 4
	Ref 5
	Ref 6
	Ref 7
	Ref 8
	Ref 9
	Ref 10
	Ref 11
	Ref 12
	Ref 13
	Ref 14
	Ref 15
	Ref 16
	Ref 17
	Ref 18
	Ref 19
	Ref 20
	Ref 21

