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Abstract

Background

Macroscopic cytoreductive surgery and hyperthermic intrathocm@mnotherapy perfusid
(HITHOC) is a new multimodal approach for selected patientls primary and seconda|
pleural tumors, which may provide the patient with better local twaootrol and increase
overall survival rate.

Methods

We present a single-center study including 20 patients underggtioiggductive surgery ar
HITHOC between September 2008 and April 2013 at the University Mediealer
Regensburg, Germany. Objective of the study was to descrilpetioperative, anaesthe
management with special respect to pain and complication management.

Results

Anaesthesia during this procedure is characterized by indreagathoracic airway an
central venous pressure, hemodynamic alterations and the risksteimgy hypo- an
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hyperthermia. Securing an adequate intravascular volume is orfe gfritnary goals t



prevent decreased cardiac output as well as pulmonary edema. Ji@nsitipacked re
blood cells (PRBC) was necessary in seven of 20 (35%) patientgs.t@mlpatients (10%
showed an impairment of coagulation in postoperative laboratory amaBsrioperativ
forced diuresis is recommended to prevent postoperative renal ireuffic Supplemental
thoracic epidural analgesia in 13 patients (65%) showed a signifieduction of post
operative pain compared with peroral administration of opioid and non-opioid analgesi
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Conclusion

This article summarizes important experiences of the anaidtiggsal and intensive care
management in patients undergoing HITHOC.
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Background

In spite of intensive research efforts, there has not yet beesumegss in establishing a
standard treatment regime with curative intention for patients with pri(mealignant pleural
mesothelioma) and secondary (thymoma Masaoka stage IVa)naraligleural tumors.
Recently a new multimodal treatment approach, including radieemotherapy and
macroscopic complete cytoreductive surgery (pleurectomy/deatiotic or extrapleural
pneumonectomy) combined with HITHOC is available, which must be adhlgs a
potential curative treatment strategy in the upcoming yeas$. [According to the success of
cytoreductive surgery and intraperitoneal hyperthermic periushemotherapy (HIPEC) for
peritoneal malignancies [4], results of first studies are wimigireaching a decreased
recurrence rate and an improved long-term survival [5,6]. Although in tentime the
intra- and postoperative morbidity and mortality depending on patiedisorders,
intraoperative cytostatic concentrations [7] and the degree gicaliresection [8] could be
reduced, cytoreductive surgery and HITHOC is a real challengbd@anaesthesiologist with
respect to intraoperative management and postoperative pain theugpto is issue being
seldom observed and reported in literature so far [9] anaesthetic managedesatibed and
discussed in the following report in detail.

Methods

This study is a retrospective review of 20 patients with pynaerd secondary malignant
pleural tumors who underwent pleurectomy/decortication (P/D: n =ot8gxtrapleural
pneumonectomy (EPP: n = 2) followed by HITHOC with cisplatirthet Department of
Thoracic Surgery of the University Medical Center Regensburmgdest September 2008 and
April 2013. The ethics committee of the University of Regensburg appriwe study
protocol. An article describing the surgical procedure of thiscdinirial has already been
published [6]. To protect confidentiality, all data have been anonymised.



Premedication

The day before surgery, all patients were visited for a lddtanistory and physical
examination by the anaesthesiologist. Particular emphasis &esdpbn cardiopulmonary
risk evaluation according to the recommendations of national andhatiteral scientific

societies [10,11]. To evaluate the operability, functional lung tegthigical evaluation,

spirometry, blood gas analysis) was performed on all patients. Fopgpative anxiolysis
patients were treated orally with dikaliumclorazepat 10 — 20 mignKllium®, Sanofi-

Aventis GmbH, Frankfurt am Main, Germany) in the evening andzulde 3.75 - 7.5 mg
(Dormicum®, Hoffmann-La Roche AG, Grenzach-Wyhlen, Germany) inribening before

surgery.

Induction

On admission to the operating theater, all patients were meaitoy electrocardio-gram,
pulse oximetry, and invasive arterial blood pressure (radial artBefore induction of
general anaesthesia 13 of 20 patients (65%) additionally receitrextacic epidural catheter
in sitting position (mean Th 7/8, range Th 6/7-8/9). After a test @8 ml of ropivacaine
0.75% (Naropin®, AstraZeneca GmbH, Wien, Austria), further 7 ml ofvemgiine 0.75%
and sufentanil 1Qug (Sufentanil Curamed®, DeltaSelect GmbH, Dreieich, Germamg w
administered in the epidural space. After preoxygenation, geneaabthesia was induced
with propofol 2-3 mgekg (Propofol-®Lipuro, B. Braun Medical AG, Sempach,
Switzerland), fentanyl 2—4,Lg-kg‘1 (Fentanyl®-Janssen, Janssen Pharmaceutica N. V.,
Beerse, Belgium) and rocuronium 0.6 mg+kgsmeron®, MSD Merck Sharp & Dohme AG,
Luzern, Switzerland), and maintained with inhaled sevoflurane (beaoé®, Baxter
Deutschland GmbH, Unterschleil3heim, Germany). Intraoperative amalyes provided
with repeated epidural administration of local anaesthetics (ran@ac0.75%), or
intravenous doses of fentanyl in patients without epidural catheter. For metvaniglation
with lung isolation, the trachea was intubated with a 39- (resjeetB7-) French (Fr) left-
sided double-lumen tube, and correct placement was confirmed with fiberopt
bronchoscopy. Additionally central venous pressure (internal jugulay, w@sophageal and
buccal body’'s core temperature, £€dncentration, airway pressure and urinary output were
monitored. Finally, patients were placed in a lateral position deating/cooling blanket
(Bair Hugger®, Arizant Medical, Inc., Eden Prairie, MN, USA) faaintaining normal body
temperature and stabilized with pneumatic boots. All patientsivesteprophylactic
antibiotics preoperatively (cefuroxime 1.5 g). Immediately be&taeting the operation the
bronchial or tracheal lumen of the double—lumen tube was clamped aondrdisted, and
oxygenation with one lung ventilation (OLV) started. The most ingpdrgoal during OLV is

to ensure adequate oxygenation and to prevent hypoxemia as weltetuag injury (ALI).
Therefore, we used protective lung ventilation (PLV) with lowltidglumes (5 ml kg,
limiting plateau pressure and positive end-exspiratory pressuteP(P& approximately 5—
10 cm HO. Oxygen administration with or without continuous positive airwessgure
(CPAP) to the non-ventilated lung was an effective treatmenimmove the arterial
oxygenation.

Surgery
In the current study patients underwent a anterolateral thoragothrough the fifth

intercostal space with the aim of an extensive cytoreductivgesuperformed with lung-
sparing radical P/D or more invasive EPP, when necessary tov@chaeroscopic complete



tumour resection. Patients with thymoma primarily had radicgectomy via median
sternotomy. In 14 patients (70%) a second access thoracotomy wasangtesomplete the
surgical cytoreduction in the phrenicocostal recess, or for pegiattion of the diaphragm.
Extrapleural dissection between the parietal pleura and the wladist diaphragm, and
mediastinum was continued until the hilar structures were friter separating the visceral
pleura from the lung, wedge resections of infiltrated parts ofithg were performed, if
required. Extended resections (partial or complete) of the pditoa diaphragm, or chest
wall were reconstructed with bovine or polytetrafluor-ethylenehss. After completion of
the surgical cytoreduction larger air leakages were sutahedt tubes (24 Fr) were inserted
and the unventilated lung expanded.

Chemotherapy

After wound closure of the thorax a ThermoCA¥mHAT-1000 System (Therma-
Solutions®, White Bear Lake, MN, USA) was set up to establisfordinuous thoracic
perfusion. There were two or three inflow catheters placed apioalthe anterior and
posterior pleural cavity and one or two outflow catheters placed ¢taunldhe anterior and
posterior diaphragm sinus. Temperature was measured continuously tsemsors in the
inflow and outflow catheters. The priming volume (2—4 L sodium chloridatisal or
Ringer’s lactate solution) was pumped into the pleural cavity wwtdibilization of the
circulation and homogenous intrathoracic temperature of 42°C wecbedkaAfterward,
cisplatin (100 to 150 mgeth body surface area) was administered and perfusion was
continued for one hour with approximately 1.2 — 1.5 Lsthpump flow. In the meantime the
application of peep (5-10 mmHg) may increase the lung surfacasfdatin and reduce or
prevent pulmonary atelectasis. At the end of the procedure, the pefflugiowas removed
and the tubes were disconnected and left in the pleural cavityraasd thoracic drains with
mild suction (20 cm kD) [6].

Postoperative management

Extubation of the lung directly after surgery in the operation ¢heats preferred in all
cases. Postoperatively all patients were transferred to thetteracic intensive care unit
(ICU) and received standard monitoring. For postoperative pain theeampntinuous
epidural infusion with ropivacaine 0.2% and sufentaniltghml‘1 was administered at 7
mlsh™* in patients with epidural catheter. Additional bolus doses of ®pivacaine 0.2% up
to every 45 min for on-demand self-administration were set ipdhent-controlled epidural
analgesia (PCEA) infusion pump. As a basic pain treatment, aiénfm received
oxycodone/naloxone 10/5 mg (Targin®, Mundipharma GmbH, Limburg (Lahn), &g)m
orally every 12 hours and metamizol 1 g (Novamin-sulfon-ratiopharna®opharm GmbH,
Ulm, Germany) every 6 hours, and for acute treatment morphine 1O0espgctively
hydromorphone 1.3 mg (drugstore, University Medical Center RegensBergjany) as
needed. As a supplement, the administration of ibuprofen 400 mg (Ibuhexat@l, Afe,
Holzkirchen, Germany), orally, every 8 hours was possible. To @&impain therapy all
patients were visited by an anaesthesiologist from thes graih service twice a day over a
five day period. The sufficiency of the postoperative analgesia @luated by the
numerical rating scale (NRS), with zero representing no painl@nokeing the worst pain
possible. The aim was to achieve a pain intensity of three or less on the NRS.

Patients undergoing cytoreductive surgery and HITHOC are ragt high risk of venous
thromboembolism. Preoperatively we started thromboembolism prophylakis low-



molecular-weight heparin (3000 IU of Mono Embolex®, Novartis Pharma GiNEiHhberg,
Germany). Six hours after surgery treatment with continuous imtoasge unfractionated
heparin and a target aPTT range of 50—60 seconds was initiated. After rembeathafracic
epidural catheter high dose of low-molecular-weight heparin (800&f Mono Embolex®,
Novartis Pharma GmbH, Nirnberg, Germany) was applicated. pmva patient saftey and
to reduce the risk of haematoma, we strictly observed the guideliniee European Society
of Anaesthesiology for regional anaesthesia and antithrombotiotsagespecially the
recommended time intervals between the administration of anticodagldlatelet
aggregation inhibitors, the thoracic epidural blackade and the removal of cafh2ter

During and after HITHOC treatment the safety of the medsalff including the
anaesthesiologist is very important. Routes of exposure to theoxigtagents include
inhalation, ingestion, injection, and skin contact. It is necessargdiace risks associated
with exposure through the proper use of certain specialized medpmalies and equipment.
Some essentials contain imperious sterile gowns, unpowdered liates, g respirator mask,
a spill kit, protective eyewear, an impenetrable hazardous wasltirter, appropriate
cytotoxic agent labels, and specially marked linen bags. Body f#uid$lood from patients
undergoing chemotherapy treatment are said to be contaminatedtfo#8hours, starting
from the time of administering the dosage. Institutions in whiclotoyic agents are
administered should use guidelines to develop policies, procedures, andoadlgadgrams
to protect medical staff [13].

The present data were collected retrospectively from thenpatinotes, the anaesthesia
protocols (Medling-Anésthesie®, Medling, Hamburg, Germany), digitadhuired ICU files
(MetaVision®, Essen-Kettwig, Germany), and the electronic naédecords of the acute
pain service (Medling-Schmerzvisite®, Medlinq, Hamburg, Germany}isttal analysis
was performed by independent-sampldsst (SPSS version 18, Dynelytics AG, Zlrich,
Switzerland). A p value less than 0.05 was considered statistically sighifica

Results

Between September 2008 and April 2013, a total of 20 patients with phaatginancies
were retrospectively enrolled in this study. Patient chaiatitss are summarized in Table 1.
There were 13 male (65%) and 7 female (35%) patients witbaam mge of 55 + 13,6 years .
Ten patients (50%) had histologically confirmed malignant pleuradothelioma. Ten
patients (50%) with pleural manifestation of thymoma (MasatdgesVa) were included in
this trial as well.



Table 1 Demographic characteristics of the 20 patients

Parameters N or mean + standard deviation (range)
Age (years) 55+ 13,6 (25-72)

Sex (male,female) 13vs. 7

Weight (kg) 76 £ 8,2 (68-93)

Height (cm) 172 + 13,3 (160-185)

BMI (kg.m™) 26.4 + 3,1 (20-31)

ASA Grade -

Il 6

I 13

v 1

(BMI: Body-Mass-Index, ASA: American Society of Anaesthesiologists).

13 of 20 patients (65%) received an epidural catheter before inductionestijanaesthesia,
four patients refused, two placements were unsuccessful. One épadtingter was
uneventfully removed after a positive blood aspiration. Patients with &kperienced
clinically measurable lower pain intensity in the first &ysl after surgery. Statistically
significant lower NRS values were found in the first 60 h afterdperation. Mean duration
of epidural catheter was 5,2 + 2 days . Postoperative pain intensity in the two igrelpan
in Table 2 and Figure 1.

Table 2 Comparison of pain intensity between the two groups (mean * standard
deviation) on the first 5 days after surgery at 8 am and 6 pm
Day after surgery Time of the day NRS (mean + SD) TEA NRS (mean = SD) no TEA p-value

0 6 pm 0.80 +1.47 5.17 £ 1.47 .00*
1 8 am 1.50+£1.90 4.67 +£2.80 .017~*
1 6 pm 1.40+1.34 4.50 +1.97 .002*
2 8 am 1.67 £1.65 417 £1.32 .009*
2 6 pm 1.80+1.39 3.17+0.75 .046*
3 8 am 1.38+1.18 3.50 +0.83 .003*
3 6 pm 1.00+1.22 2.00 +1.54 .186
4 8 am 0.88+1.12 1.83+1.60 212
4 6 pm 1.25+1.48 1.50+1.22 744
5 8 am 1.29+1.38 1.83+0.98 435
5 6 pm 0.86 £0.89 1.67+£0.51 .78

(*p < 0,05 vs. NRS no TEA, NRS: Nummeric Rating Scale, TEA: Thoracic Epiduedgesia.

Figure 1 Comparison of pain intensity between the two groups (TEA vs. No TEA) on the
first 5 days after surgery at 8 am and 6 pm.

During OLV no respiratory complications occurred in any patient.olygen saturation and
the arterial blood gas measurements did not show any signs of hypaxeagidosis induced
by hypercapnia.

After application of the priming volume at the beginning of HITH{@@& patients (50%) had
a considerable decrease in blood pressure, three patients (15%pnadigitdeveloped
tachycardia over 100 beats per minute. Simultaneously the me#al ceenous pressure
ranged from 14 to 18 and the peak airway pressure from 26 to 31 mnédgwtile the
mean amount of noradrenaline being infused had to be increased from 0.21 ageh54



Five patients (25%) additionally received dobutamine at a dose of 10—20"nugw patient
(5%) adrenaline at a dose of 0,2 mgdshAfter strong increase in central venous pressure at
the beginning of the intrathoracic perfusion, one patient showed a gispte of asystole
(~60 sec.). It was treated successfully by cardiopulmonary aiestien, application of
adrenalin, and reduction of the intrathoracic ringer’s lactatéhéyperfusion system. There
was no evidence of fluid absorption from the pleural space. Extubatiorpevismed 8
hours after surgery without any neurological deficit.

During surgical cytoreduction the average body temperature dedréasn 36.6 to 36.3 +
0,6°C and increased during the HITHOC to 38.4 £ 0,6°C . All patients wesévply (with
three patients actively) cooled at the beginning of the HITHO@&r (Bugger®, Arizant
Medical, Inc., Eden Prairie, MN, USA).

Severe postoperative complications requiring surgical casreciccurred in three patients
(15%). Two mesothelioma patients underwent timely reoperation daertpture of the

diaphragm, one thymoma patient due to a chylothorax. The thymomatpasie readmitted

postoperatively to the ICU for 12 days because of respiratory icisuaify and fulminant

sepsis. In addition conservative treatment was successful in ¢deatpaho experienced
subclavian and axillary thrombosis on the ipsilateral side of surgery.

The median duration of the entire surgery including anaesthetisatitaryvantion and
HITHOC was 275 + 83 minutes . Timely extubation directly aftegery was performed in
15 patients (75%), whereas five patients required mechanical Jentilah ICU - three
patients with TEA (23%) and two patients without (28,5%) (p = 0,625).significant
difference resulted in length of postoperative mechanical veatilaetween the two groups
(406 * 245 versus 272 = 60 minutes) (p = 0,144) . The average lengtly ohdtae ICU was
1 + 0,6 days and the overall median hospital stay was 15 + 9 dayseintpatith TEA and
16 £ 10 days in patients without (p = 0,698). One patient died due to aerugituhe
diaphragm patch causing pericardial tamponade followed by sevetwalenypoxia on the
second postoperative day after EPP. No further pulmonary complicatienes observed.
There was no other in-hospital mortality or death within 30 dé&gs aperation among the
other 19 patients in this study.

While in surgery, all patients received a mean volume of 2531 ystatioid and 719 ml
colloid solutions. Seven patients (35%) with either a hemoglobin coatientbelow 8 g/dI
or clinical transfusion triggers required PRBC. No transfusioneshfifrozen plasma (FFP)
or other clotting factors were necessary in any patienhelsutput per kg of body weight
was about 2.5 ml/h (Table 3).

Table 3Intraoperative fluid management

Fluids n (patients) Mean + standard deviation (range) in ml
Crystalloids 20 2531 + 734 (1500-3500)

Colloids 20 719 £ 466 (0-1500)

FFP 0 0

PRBC 7 392 + 196 (0-750)

Urine 20 877 £ 523 (250-3000)

(FFP: Fresh Frozen Plasma, PRBC: Packed Red Blood Cells).

Postoperative blood results on ICU (Table 4) suggested that wegee only two patients
(10%) with the presence of abnormal blood clotting. The mean hebinglalues were over



8 g/dl in all 20 patients. One patient developed an acute renal ansoafy with a creatinine
concentration of 2.7 mg/dl three days after surgery. Dialyas not necessary in this case.
All other patients did not show any significant alterations compared to contrlg.leve

Table 4 Pre- and postoperative laboratory parameters: mean + standard deviation,
(range)

Variables Preoperative Parameters  Postoperative Postoperative
Parameters (Day 0) Parameters (Day 3)

Hemoglobin (g/dl) 12.4 +£1.93, (8.4 —15.3) 9.92.16, (8.6 — 11.9)

Hematocrit (%) 36.4 £ 5.56, (22.5 - 43.7) 28.9363.(24.6 — 33.6)

Creatinine (mg/dl) 0.85+0.18, (0.66 — 1.20) 08317, (0.45-1.25) 0.97 £0.49, (0.44 - 2.7)

Prolonged time (%) 105 +8.57, (92 — 127) 80.8 121(46-92)

PTT (sec) 30.7 £ 3.53, (25.8 — 38) 32.7 £ 6.94,12452.0)

Thrombocytes (/nl) 347 + 135.5, (178 — 699) 2747459 (149-511)

Discussion

The indication for cytoreductive surgery in combination with HITHOG westricted for the
treatment of malignant pleural mesothelioma and advanced thymamaleural spread for
a long time. During the last years a few authors showed thanthisnodal approach could
be a feasible treatment option for patients with pleural dissgion of pseudomyxoma
peritonei, peritoneal mesothelioma or epithelian ovarian cancerlafOyi4,15]. Hence the
indications for this treatment are probably growing, and not onlgpatialized medical
centers [16]. Due to the complex pathophysiological changes acogmgd/D or EPP and
HITHOC, careful scheduling and implementation of the anaestiesfautmost importance
for patient safety.

At the beginning of chemotherapy perfusion, thoracic filling wigjperthermic ringer’s
lactate causes an increase in intrathoracic pressure. Dep@mdithg volume of solution, a
mediastinal shift to the ventilated lung resulting in an increasairivay pressure and a
reduction of the functional residual capacity can be observed [17-19fdtes obstruction
of the inferior and superior vena cava decreasing venous return to the heart, amdudiract
compression can lead to a fall in cardiac output. In our understantfiage
pathophysiological alterations resulted in a reduction of theiartdood pressure and the
tissue perfusion, followed by a considerable rise of catecholaraueslin this trial. In
addition, compression-induced increase of the myocardial wall tensiaimeuheart rate can
also cause an acute rise of the oxygen demand, and in combinationduitledecoronary
perfusion pressure exacerbate existing cardiac disease @mtpatvith coronary artery
disease.

Perioperative fluid management is an important cornerstone obdyeramic stability in

patients undergoing cytoreductive surgery followed by HITHOC awctialenge for each
anaesthesiologist. Recent studies and reviews have repeatedly ttatadns& strong
correlation between liberal fluid administration and the inciderfc@ostoperative lung
edema or ALI. Especially in patients undergoing lung surgergssiee volume infusion can
contribute to respiratory failure with increased postoperativeatitgr{20-22]. On the other
hand, an adequate perioperative fluid therapy is important to reduceristheof

chemotherapy-related postoperative renal insufficiency. Therevege recommend a
perioperative forced diuresis (>100 ml/h), which will be continued fory3 déter surgery.
Furthermore the aim of perioperative fluid therapy also ispgtace fluid losses, to maintain



adequate intravascular volume in the cytoreductive phase, and te ansuificient preload
before starting the chemotherapy perfusion, with the above-mentiotiedplpgsiological
changes. For this the implementation of hemodynamic monitoring (pulyncaréery
catheter, pulse contour cardiac output) could be an adjuvant tool. In additiappiieation
of the priming volume must be started under accurate control obdwramic and
ventilatory parameters, and from close consultation with the surgeonsompensation of
hemodynamic disorders, vasopressor and inotropic drugs have to be ptegaredstarting
surgery. Three principles could help to prevent complication seen patiants: an adequate
fluid therapy, a careful filling of the thoracic side, and an early use aftedtamines.

Maintaining patient normothermia during the whole procedure should be amguthleof
anaesthetic management. Therefore the patient's body temperaaigrecontinuously
evaluated buccally and esophageally. During the first phase afsthesia (induction,
cytoreductive surgery) patients have to be protected from loss of heat. By using
warming blankets and heated fluid infusions, excessive hypothermid beyprevented in
our patients. In only one case a temperature was measured 3m88C. Recent studies
showed that perioperative hypothermia occurs in more than 70% ointpaiie the
perioperative phase and can lead to several complicationgagecin blood loss during
surgery by impairing platelet function and clotting factor enzyumetion, increase in the
incidence of surgical wound infection induced by peripheral vasocdiwtrievith a
significant reduction of subcutaneous oxygen tension and an impairmemnime function,
increase in heart rate and oxygen demand in the presence ofrgh[2&-25]. Additionally
Frank et al. reported a higher prevalence of myocardial ischerdiaeatricular tachycardia
in patients with perioperative hypothermia [26]. Otherwise duriigH@®C temperature in
the pleural space rises up to about 42°C with the risk of systeyperthermia. As we know
from patients undergoing cytoreductive surgery and HIPEC, elebathdtemperatures can
increase metabolic rates and oxygen demand followed by tachydaighar end-tidal C®
concentration and a metabolic acidosis [27,28,17,18]. The development of myocardia
ischemia is a possible complication especially for patienth wexisting coronary artery
disease. Hyperthermia can also lead to pulmonary edema andteeimithuced acute lung
injury [29,30]. In addition it may contribute to development of neurocogndixsunction,
which is often described during the rewarming process after cardiopatyn bypass for
cardiac surgery [31]. Animal experiments showed that hyperthemthatemperatures over
43°C can lead to neurological and electrophysiological alteratiopsripheral nerves like
such as phrenic, vagus and recurrent laryngeal nerves [9,32]. Theypbsthermia can
possibly contribute to a modified apperception of pain. To avoid systeyperthermia in
this phase, we used cooled infusions and cooling blankets. In spite of wxtensiing nine
of our patients developed core body temperatures above 38.0°C, three matsentsove
38.5°C. There were no hyperthermia-induced complications in the cookeoit of patients.
Regional intracavitary chemotherapiy perfusion has the advantaganoimproved
distribution of the drug in the pleural space and a higher local coatient of the
chemotherapeutic agent in contrast to systemic chemotherapy.ofddit, HITHOC is
known to enhance the cytotoxicity of some chemotherapeutics, to indheagenetration
depth, and to produce synergistic antineoplastic effects. Althougdysibemic toxicity could
be reduced, significant blood concentrations of the cytostatic agenésmeasured [33-35].
While toxicities of cisplatin include ototoxicity, gastrotoxigityyelosuppression and allergic
reactions, the main dose-limiting side effect is nephrotoxidity.prevent this cytostatica-
induced tubular nephrotoxicity, the aim of the anaesthetist should dreel fperioperative
hydration and diuresis. Therefore a urine flow greater than 0.5 il K¢ should be
achieved, although no randomized studies can acknowledge this approach [36].



The retrospective analysis of our data shows that about one thifte gfatients (35%)
received a PRBC transfusion or cell saver blood with subsequediaiva (50 Gy).
Comparable transfusion rates (34.6%) were reported for patientsgamdecytoreductive
surgery and HIPEC [18]. Furthermore, due to an impairment of cdeguylabout 45% of
HIPEC patients received a transfusion of fresh frozen plasmeeh. Otherwise laboratory
analysis of our patients demonstrated no such disturbance of coamgudatd so the
transfusion of fresh frozen plasma or thrombocytes was not @ege3he reason for
coagulopathy may be a large volume shift and a significant prmesndepending on the
degree of decortication and the volume of fluid resuscitation. In owctiok we also could
not find any direct effect of the HITHOC itself [18,37]. Due tlaime raw peritoneal surface
area, impairment of coagulation is more often associated witiecictive surgery of the
abdominal than of the thoracic cavity.

Thoracotomy induces severe postoperative pain and impairment of pulmionation.
Therefore the TEA is commonly considered the “gold standard” [B8ur trial, TEA was
superior to peroral opioid and non-opioid analgesics. Significantly lealeles of NRS at
rest were found in the first 60 h after surgery in the epidural gidoisignificant difference
resulted in duration of postoperative mechanical ventilation, incidefcpostoperative
pulmonary complications or median length of hospital stay betwhentwo groups.
Postoperative lung function testing, which would probably show differentesdre the two
groups were, not part of standard postoperative management. Howeagplenformer
studies have also demonstrated a superior functional residual tgap@eal capacity and
forced exspiratory volume after the administration of epidurdigase, and in addition, an
improvement of the bowel motility and function, the postoperative vigilaand the balance
of myocardial oxygen supply and demand [39-41].

Conclusion

Thoracic cytoreductive surgery and intraoperative HITHOC is anvatie, multimodal
approach with a potentially curative intention for patients withmary and secondary
malignant pleural tumors. In this article we reviewed the patyspHogical alterations and
emphasized anaesthetic management strategies to avoid or raimiomglications and to
improve peri- and postoperative care of patients.
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Nummeric Rating Scale

Comparison of pain intensity: TEA vs. no TEA
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