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Cardio-thoracic surgery underway in the Cardio-thoracic Surgical Center, Sahlgrenska University Hospital, Gothenburg, Sweden

Thoracic surgical patients
— Addressing the peri-operative ventilatory
challenges in this high-risk group

Thoracic surgical patients are recognized as belonging to a high-risk patient group in anesthesia. In March,
CCN had the privilege of visiting Sahlgrenska University Hospital in Gothenburg, Sweden. Sahlgrenska
is a university hospital and has a cooperation program with the Sahlgrenska Academy of the Gothenburg
University’s Health Sciences department. They together account for more than 300 research projects.
The hospital’s lung transplantation program began in 1990 with the first heart-lung transplantation. Since
1990 when the program began, more than 300 procedures have taken place. Sahlgrenska and Lund
hospitals are the only centers in Sweden for heart and lung transplantations. Approximately 30 lung
transplant cases are done each year, 10 of which are in need of a heart-lung machine.

The purpose of our visit was to speak to a few clinicians working with this speciality and to look in on a
couple of ongoing lung surgery procedures.

We met with Jan-Olof Berglund, nurse anesthetist responsible for medical devices in the Department
of Thoracic surgery to learn about the demands clinicians have on anesthesia machines in this field. We
also spoke to Dr Anne Westerlind of the Department of Anesthesiology for the Cardio-thoracic Surgical
Center, to learn about the anesthetic considerations of lung transplantation.



Jan-Olof Berglund, Nurse anesthetist
at the Cardio-thoracic Surgical Center,
Sahlgrenska University Hospital

Dr Anne Westerlind, MD, PhD, Department
of Anesthesia for Cardio-thoracic Surgery,
Sahlgrenska University Hospital

Most of the patients in need of lung
transplants are patients with severe
pulmonary hypertension, COPD,
cystic fibrosis, silicosis, bronchiolitis
obliterans and retransplantation after
organ rejection, to name a few.

How old are most of the patients
undergoing a lung transplantation?

Jan-Olof Berglund, nurse anesthetist:
Many patients are between 50 and 60
years of age; we do have the occasional
child or teenager, but this is quite rare.

Could you tell us about your
experience of this procedure?
Are all procedures quite alike?

| personally think that lung transplantation
has become very routine-like. We follow
a certain pre-operative routine, the same
as the one for heart-lung procedures:
the patient takes a shower, is scrubbed
and shaved. The induction phase is done
according to a specific protocol, which
Dr Westerlind will describe later; the
patient is positioned in lateral decubitus.
The actual procedure can take from 3-4
hours, to sometimes much longer, due
to certain complicated surgical aspects:
it takes time to see how to put the
different anatomical parts together.

With the anesthesia systems you are
using, do you find that they can have
certain shortcomings, or do they fulfill
your needs for these procedures?

When the patient is in the lateral position,

lying on the remaining lung which often
is also sick, although healthier than

the one being replaced, there are a

few challenges; one obtains very high
airway pressures, high resistances. This
definitely challenges the machine that
we have, which can only go up to 80
cmH,0, as this gives a pressure inside
the patient of 50-60 cmH,O. This is not
always sufficient for our patients in some
extreme situations. Every now and then
we have had to bring in an ICU ventilator.

You had the chance to see and

hear about MAQUET's FLOW-i
anesthesia system in Uppsala. What
did you think about its potential?

The technical capacity is very
similar to an ICU ventilator, it is as
powerful. And | like the design,

it seems very easy to use.

We have learned what the
chronic indications are for lung
transplantation. Are there any
emergency indications?

Dr Anne Westerlind, MD, PhD:
No, there are no emergency
indications for lung transplantation.

Do you have any specific demands
from a ventilator during a lung
transplantation procedure?

In the past, we used to do sequential
lung transplantation with a heart-lung
machine. Nowadays the transplantation
often is done without a heart-lung
machine and therefore we have

high expectations of a ventilator
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as the “remaining” lung is also
often very ill. Sometimes we have
brought the SERVO 900 in to the
operating room for this procedure.

Patients suffering from chronic
pulmonary disease necessitating lung
transplantation must logically have
an advanced respiratory insufficiency.
How do you prepare these patients

in the pre-operative period?

We require that these patients quit
smoking if they are smokers; we

also teach them CPAP with which

they must train up their respiratory
function, learn how to cough effectively
without damaging the anastomosis.
These patients must also learn how

to inhale: they are given Nitric oxide

or Prostacyclin via a nebulizer for the
purpose of pulmonary vasodilatation. In
terms of the most important medication,
we start these patients on immune-
suppressive anti-rejection drugs.

Are there any contra-indications to
lung transplantation or any age limit?

We would normally not accept a

patient weighing 300 kilos, they should
otherwise be quite healthy to be able to
go through such a demanding procedure,
and these patients do have complicating
factors due to their obesity. There is

no age limit either, it is co-morbidity
which indicates whether or not this
patient is a good candidate; therefore

in practice, an 80-year old patient will
not pull through this procedure, so that
would be, in practice, a given age limit.

Could you please describe the settings
you use on the anesthesia machine
during lung transplantation?

With lung surgery, we set a fresh gas
flow of 2 to 3 liters/minute, but it all
depends on how much leakage there

is; we often try to go even lower.

It is important for us to be able to
perform rapid changes so as to better be
able to regulate the depth of anesthesia.
Our general lung-surgery patients can
have leaks of up to 5-6 liters. In the

case of lung transplantation, there is a
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A patient undergoing lung surgery, lying in lateral decubitus position, Sahlgrenska

University Hospital

Surgeon in the chest cavity during thoracic surgery, Sahlgrenska University Hospital

situation of forced open pneumothorax
and in this case, we do not use inhalation
anesthesia as the agents would then
contaminate the operating room air. We
intubate the patient with a double-lumen
endotracheal tube; this has the advantage
of rapid inflation and deflation of either
lung. The oxygen is set at no more than
60% in order to prevent atelectasis.
Induction is produced routinely with
either Pentothal or Propofol, Fentanyl
and a muscle relaxant; often fiberoptic
bronchoscopy is used for controlling

the appropriate position of the tube.

We proceed systematically to lung
recruitment manually with the APL valve
at 50-60 cmH,0 during short intervals.
We do not allow our patients to have
high pressures; the PEEP level is set
between 5 and 10 cmH,0, even with

our heart patients. Patients may need a
lengthened Insp/Exp ratio as they have
such low compliance due to their stiff
lungs. Higher tidal volumes combined
with lesser respiratory rates are preferred
today; this was an inversed pattern in
the past. You will find this in the scientific
literature today. The aim is also to keep

the patient normoventilated, so we
often observe cerebral oximetry. Of
course, in extreme cases with lung
volume reduction and lung transplantation,
a degree of hypercapnia may be accepted.

Is there some special fluid
administration protocol
for your patients?

The adopted lateral decubitus position
can compromise pulmonary and
cardiovascular physiology. Moreover,
with one-lung ventilation and perfusion
of a non-ventilated lung, the patient

is positioned on the steep side of the
oxygen dissociation curve. Our lung
transplant patients remain very “dry’
receiving cristalloids, as ventilation is
favored over perfusion; this prevents
the occurrence of shunts. We want to
prevent the lung oedema which puts the
success of the procedure at risk; they are
thus given diuretics as well as Mannitol
so that the excess fluid can be excreted.

Is there any important post-operative
protocol you wish to mention?

Yes, adequate analgesia post-operatively
is of the utmost importance in order

to optimize the patient’s respiratory
function and facilitate coughing up
secretions from the lungs. We like

to keep the patient’s Visual Analog

Scale (VAS) level between 1 and 2.
Thoracic epidural with a mixture of
bupivacain and opioids is usually given.

What are the most common
complications of lung transplantation?

Hemorrhaging is the most
common, followed by loosening
of the anastomosis sutures.

What is it that you find of importance
with an anesthesia system?

We have a great need for an excellent
ventilator. When we saw and received
information about the MAQUET FLOW-,
we found that it was easy to understand
and powerful; we like the leakage
compensation via the circular circuit;
today, we sometimes underventilate our



patients because of lack of ventilatory
power; what consequences does this
have for our patients? The volume
reflector is, theoretically, a very attractive
feature as one does not need to interrupt
ventilation, as it is the case in a leaking
bellow. It is important that we have an
alarm when the oxygen level begins

to increase, in leak situations. The
challenge will be to educate users in not
seeing a moving bellow and relying on

the safety feature of this technology. m

References

Biographies

Dr Anne Westerlind, MD, PhD

is former Chief of the Department
of Cardio-thoracic Anesthesia and
Intensive Care at Sahlgrenska
University Hospital, in Gothenburg,
Sweden. She is clinically active in
the department and she has also
held, since 2007, the position of

1) Blohmé 1, Ericson (Westerlind)
A. Parathyroidectomy after renal
transplantation. Scand J Urol
Nephrol Suppl 1977: 42: 134-136.

2) Ekstrém-Jodal B, Haggendal J,
Larsson L E, Westerlind. Cerebral
hemodynamics, oxygen uptake and
cerebral arteriovenous differences

of catecholarnines following E. coli
endotoxin in dogs. Acta Anaesthesiol
Scand 1982: 26: 446-452.

3) Berglin W-0 E, Blomstréom R
Sydow G, Westerlind A. Akut
coronarkirurgi vid akut hjartinfarkt
kan férhindra utveckling av
hjartmuskelskada. Lékartidningen
1988: 21: 1883-1884.

4) Westerlind A, Hoyer S, Wallentin 1,
Caidahl K, Berglin W-0 E, Edvardsson
N. Extrakorporeal cirkulation vid

svar svikt hos hjarttransplanterad

- i vantan pa nytt hjarta.
Lakartidningen 1989: 86: 960-962.

5) Westerlind A, Larsson L E,
Haggendal J, Ekstrém-Jodal B.
Prevention of endotoxin-induced
increase of cerebral oxygen
consumption in dogs by propranolol
pretreatment. Acta Anaesthesiol
Scand 1991: 35: 745-749.

7) Westerlind A, Larsson L E,
Haggendal J, Ekstrom-Jodal B.
Effects of metabolic pH-alterations
on cerebral blood flow and oxygen
uptake following E. coli endotoxin
in dogs. Acta Anaesthesiol

Scand 1994: 38: 130-135.

8) Westerlind A, Larsson LE,
Haggendal J, Ekstrom-Jodal B.
Effects of propranolol pretreatment
on cerebral blood flow, oxygen
uptake and catecholamines during
metabolic acidosis following E. coli
endotoxin in dogs. Acta Anaesthesiol
Scand 1995: 39: 467-471.

Critical Care News | 7

Representative of the Swedish
Association for Anesthesia and
Intensive Care (SFAI) at EACTA
(European Association for Cardio-
thoracic Anesthesia), and has
thereby worked on the European
guidelines within thoracic anesthesia
and thoracic intensive care.

12) Westerlind A. Anaesthesia for
lung transplantation. Review. Curr
Anaesth Crit Care 1999; 10: 299-304.

13) Westerlind A. Anaesthesia for
lung transplantation. Review. Curr
Anaesth Crit Care 1999;10: 305-311.

14) Lindholm L, Bengtsson A,
Hansdottir V, Westerlind A, Jeppsson
A. Related Articles, Links Abstract
Insulin (GIK) improves central mixed
and hepatic venous oxygenation

in clinical cardiac surgery. Scand
Cardiovasc J. 2001 Oct;35(5):347-52.

9) Westerlind A, Larsson LE,
Haggendal J, Ekstrom-Jodal B.
Effects of arterial hypoxia and
R-adrenoceptor blockade on
cerebral blood flow and oxygen
uptake following E. coli endotoxin
in dogs. Acta Anaesthesiol

Scand 1995: 39: 472-478.

15) Reinsfelt B, Westerlind A, Houltz

E, Ederberg S, Elam M, Ricksten

SE. Related Articles, Links Abstract
The effects of isoflurane-induced
electroencephalographic burst
suppression on cerebral blood flow
velocity and cerebral oxygen extraction
during cardiopulmonary bypass.
Anesth Analg. 2003 Nov;97(5):1246-50.

10) Ederberg S, Westerlind A, Houltz
E, Svensson S-E, Elam M and S-E
Ricksten. The Effects of Propofol

on Cerebral Blood Flow Velocity

and Cerebral Oxygen Extraction
During Cardiopulmonary Bypass.
Anesth Analg 1998;86: 1201-6.

16) Jern C, Blomstrand C, Westerlind
A. Evidence of a Net Release

of Tissue-type Plasminogen
Activator Across the Human
Cerebral Vasculature. Thromb
Haemost 2004; 91:1019-25.

6) Larsson L E, Westerlind A, Ekstrém-
Jodal B, Nilsson N J. Distribution of
radioactive microspheres injected into
the verebral artery of the dog. Acta
Anaesthesiol Scand 1993: 37: 761-763.

11) Westerlind A, Nilsson F

and Ricksten S-E. The use of
continuous postitive airway
pressure by face mask and thoracic
epidural analgesia after lung
transplantation. J Cardiothoracic
Vasc Anesth 1999;13: 249-52.

17) Risberg B, Brandrup-Wognsen G,
Delle M, Gelin J, Lepore V, Lonn L,
Rédberg G, Westerlind A. Thorakala och
thorakoabdominella aneurysm —en
utmaning som kraver en val fungerande
organisation och nara teamwork

oOver klinikgranserna. Lakartidningen
2004; 101 (19): 1706-08, 1710-11.



http://www.ncbi.nlm.nih.gov/pubmed/6756018
http://www.ncbi.nlm.nih.gov/pubmed/356193
http://www.ncbi.nlm.nih.gov/pubmed/3260001
http://www.ncbi.nlm.nih.gov/pubmed/1763594
http://www.ncbi.nlm.nih.gov/pubmed/2648088
http://www.ncbi.nlm.nih.gov/pubmed/8279251
http://www.ncbi.nlm.nih.gov/pubmed/8171947
http://www.ncbi.nlm.nih.gov/pubmed/7676780
http://www.ncbi.nlm.nih.gov/pubmed/9620503
http://www.ncbi.nlm.nih.gov/pubmed/7676781
http://www.ncbi.nlm.nih.gov/pubmed/14570630
http://www.ncbi.nlm.nih.gov/pubmed/11771827
http://www.ncbi.nlm.nih.gov/pubmed/15116264
http://www.ncbi.nlm.nih.gov/pubmed/14570630
http://www.ncbi.nlm.nih.gov/pubmed/15188584



