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Abstract

Background: The issue of performing simultaneous pulmonary resection and cardiac surgery in patients with coexisting lung carcinom
and ischaemic heart disease remains controversial. We report our experience and review the IXettiods: Thirteen patients (male
ten, female three; mean age 65 years) underwent simultaneous cardiac surgery and pulmonary resection. Lung pathology consiste
primary lung carcinoman(=10), benign diseasen(=2) and carcinoid r{ = 1). Lung resections included pneumonectonmy=(3),
lobectomy ( = 4), segmentectomyn(= 1) and local excisionn(=5). Cardiac procedures consisted of coronary artery bypass grafting
(CABG) in 11, aortic valve replacement in one and mitral valve repair with CABG in one patient. In all but one case the lung resection wa
performed prior to heparinization and cardiopulmonary bypass (CPB). In two patients, with suitable coronary anatomy, myocardiz
revascularization without CPB was performed to reduce morbiégsults There was no hospital mortality. Postoperative blood loss
and ventilation requirements were reduced in the patients who were operated on without CPB. Prolonged ventilatory support was requil
in two cases. All patients with benign pathology are alive. In the lung cancer group there have been five late deaths: disseminated metast
diseaser{ = 3), anticoagulant related haemorrhage=(1) and broncho-pleural fistula & 1). Of the remaining five patients four are alive
and disease free 7—23 months post-operatively; one patient has recurrent disease 40 months post-ofenativsipns Simultaneous
pulmonary resection and cardiac surgery is associated with acceptable operative morbidity and mortality. In patients with lung carcinor
long-term survival was determined by tumour stage. The avoidance of CPB may be advantageous by decreasing blood loss and ventila
requirementsd 1998 Elsevier Science B.V. All rights reserved

Keywords:Lung cancer; Cardiac surgery

1. Introduction morbidity and additional cost of two operations. Further-
more, exposure to the immunosuppressive effects of cardi-
The management of patients with resectable lung tumoursopulmonary bypass (CPB) may have a deleterious effect on
and coexisting cardiac disease is subject to debate as théumour growth and dissemination. Alternatively, the cardiac
operative mortality for lung resection in such patients is surgery and the pulmonary resection can be performed
increased [1]. Traditionally the surgical procedures have simultaneously and thus avoid a second procedure. How-
been staged, with the cardiac surgery performed first fol- ever, concern exists regarding the adverse effects of sys-
lowed by the pulmonary resection at a later date. With this temic heparinization and CPB in patients undergoing lung
approach the tumour resection is delayed and there is theresection and the adequacy of exposure through a median
sternotomy.
We present a series of 13 patients who underwent simul-
“+ Corresponding author. Tel.: +1232 240503; fax: +1232 894918. taneous pulmqnary resection and cardiac surgery. In
L Presented at the 5th Conference on General Thoracic Surgery, Wroc-Patients with suitable coronary anatomy myocardial revas-
law, Poland, September 24 — 27, 1997. cularization was performed without CPB to avoid the

1010-7940/98/$19.00 O 1998 Elsevier Science B.V. All rights reserved

PIl S1010-7940(98)00088-8 . . .
Downloaded from gjcts.ctsnetjournal s.org by Kieran McManus on August 24, 2006


http://ejcts.ctsnetjournals.org

668 M.H.D. Danton et al. / European Journal of Cardio-thoracic Surgery 13 (1998) 667—672

detrimental effects associated with heparinization and extra- 2.2. Pulmonary pathology
corporeal circulation.
Pathology consisted of primary lung carcinoma in ten
patients (squamous cell carcinoma in four, adenocarcinoma
2. Patients and methods in five and large cell carcinoma in one) carcinoid in one and
benign disease in two patients (hamartoma and rheumatic
The clinical records of all patients who underwent sim- nodule). Standard preoperative investigations consisted of
ultaneous cardiac surgery and pulmonary resection from chest X-ray, computerised axial tomography (CT), broncho-
April 1990 to March 1997 were reviewed (Table 1). In scopy and pulmonary function testing. It was possible to
total there were 13 patients (ten male, three female) with establish a preoperative tissue diagnosis in seven patients
mean age 65 years (range 59-75). The majority (nine using bronchoscopy in three or CT guided fine needle
patients; 69%) presented with cardiac symptoms, myocar- aspiration biopsy in four patients. An intraoperative frozen
dial ischaemia or valvular heart disease, the pulmonary section analysis was performed in two cases identifying
lesion being identified during the preoperative assess-squamous cell carcinoma and rheumatoid nodule. Addi-
ment (seven patients) or as an incidental finding at car- tional investigations were performed only with a specific
diac surgery (two patients). Haemoptysis was the primary clinical indication and included CT brain scan £ 1),
presentation in four patients with lung carcinoma and cytology of pleural fluid (= 1), radioisotope bone
ischaemic heart disease was discovered during their assessh = 2) and ventilation/perfusion lung scans 2).
ment.
2.3. Operative details
2.1. Cardiac pathology
Following induction of anaesthesia all patients with pre-
Eleven patients had coronary artery disease (single vessebperatively established lung pathology had a double lumen
disease in one, two-vessel disease in one and triple-vesseéndotracheal tube positioned to allow single lung ventilation.
disease in nine patients). One patient had bicuspid aortic Eleven patients were operated via a standard median ster-
valve stenosis with a peak gradient of 90 mmHg. One notomy for the cardiac and lung procedures. A median ster-
patient had rheumatic mitral valve stenosis with a valve notomy extended into the left fourth intercostal space was
area of 1 crfi with three-vessel coronary artery disease. necessary in one patient for a left lower lobectomy. A sepa-
Left ventricular function determined by ventriculography rate right posterolateral thoracotomy was used to perform a
or echocardiography was assessed as normal in 7 (58%)ight upper lobectomy in one patient in whom the CT scan
and moderately impaired in 6 (42%) patients. suggested the possibility of chest wall invasion.

Table 1
Patient clinical and pathological characteristics

No Sex Age Lung pathology Lung resection TMN Cardiac procedure Survival
1 F 63 Adenocarcinoma Right apical segmen- ~ T1 NO MO Aortic valve replacement Died CVA 36 months
tectomy
2 M 61 Adenocarcinoma Right upper lobectomy T3 NO MO CABG X3 Died brain metastases 8
months
3 M 64 Large cell carcinoma Left upper lobectomy T3 NO MO CABG X3 Died malignancy 18
months
4 M 68 Squamous cell carcinoma Right upper lobectomy T2 NO MO CABG X3 Local recurrence 40
months
5 M 63 Adenocarcinoma Left lower lobectomy T2 NO MO CABG X3 Well 30 months
6 M 69 Squamous cell carcinoma Right pneumonectomy T3 NO MO CABG X3 Died BP fistula 3 months
7 M 67 Adenocarcinoma Left upper lobe wedge T1 NO MO CABG X4 Well 39 months
excision
8 F 62 Adenocarcinoma Left upper lobe wedge T1 NO MO CABG X4 Well 12 months
excision
9 M 68 Squamous cell carcinoma Right pneumonectomy T2 NO MO CABG& X3 Well 14 months
10 M 64 Adenocarcinoma Left pneumonectomy T3 N1 MO CABG X1 Died malignancy 6 months
11 F 63 Carcinoid Right middle lobe wedge — CABG X3 Well 48 months
excision mitral valvotomy
12 M 59 Rheumatoid nodule Left upper lobe wedge - CABG X2 Well 32 months
excision
13 M 75 Hamartoma Right upper lobe - CABG X5 Well 24 months
enucleation

AWithout cardiopulmonary bypass.
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Following access to the chest cavity the lung resection 144 min (mean 92) and the cross-clamp time ranged from 19
was performed prior to heparinization and CPB in 12 to 67 min (mean 49).
patients (92%). One patient (No. 9), while dissecting the Two patients, following pneumonectomy, underwent
pulmonary lesion, became hypotensive and developed ven-CABG on the beating heart without CPB. Heparin was
tricular fibrillation; when emergency CPB had been safely administered in a dosage 100 U/kg (1/3 dose for CPB).
established the pulmonary resection was then completed. Intermittent small doses of a short acting beta-blocker

All patients who had a pre-operative diagnosis of malig- (Esmolol) was administered to decrease the heart rate and
nancy underwent formal anatomical resection. Apical seg- blood pressure. In order to construct accurate distal anasto-
mentectomy of right upper lobe was performed in one, moses stay sutures (3 0 Prolene with Teflon plegets) were
lobectomy in four and pneumonectomy in three patients. placed proximal and distal to the coronary arterotomy to
Wedge resection was performed in two patients each with aprovide a stable bloodless field. In total 11 patients under-
small peripheral carcinoma discovered as an incidental went CABG, (range 1-5 grafts, mean three grafts/patient).
finding during cardiac surgery. Wedge resections were The internal mammary artery was used in three patients
also performed for the carcinoid and rheumatoid nodule; only. One patient underwent triple CABG and open mitral
the hamartoma was enucleated. Mediastinal and hilar valvotomy and one patient underwent aortic valve replace-
lymph node excision was performed in seven patients ment with a bileaflet mechanical prosthesis.
with lung carcinoma. Nodal excision was not performed  Prior to closure chest drains were placed: two in the med-
in three patients each with T1 peripheral tumours and with- iastinum (one anterior, one basal) and two in the pleural
out evidence of nodal enlargement on the CT scan. In cavity (one apical, one basal); following pneumonectomy
patients requiring pneumonectomy the pericardium and the pleural cavity was not drained.
the pleural layers were approximated to separate the pleural
and pericardial cavities preventing cardiac dislocation.
When the pulmonary resection and lymph node dissection 3. Results
had been completed haemostasis was secured prior to
heparinization. 3.1. Hospital morbidity and mortality

Institution of CPB with systemic heparinization was used
in 11 patients with standard techniques of myocardial pro- There was no operative mortality. Patients were elec-
tection employed: intermittent cross-clamping was used in tively ventilated overnight except for the two patients in
two and antegrade cardioplegia in nine (blood in one, crys- which CPB was not employed, who were extubated within
talloid in eight) patients. The bypass time ranged from 72 to 3 h of surgery. Prolonged ventilatory support was necessary

Table 2
Simultaneous pulmonary resection and cardiac surgery: review of literature

Author year Study dates  Total Lung Post-op. Cause of mortality Lung cancer survival
patients cancer mortality
Dalton, 1978 [7] 1971-78 3 3 0 - Not quoted
Bricker, 1980 [8] 1980 3 2 0 - 2 CD 35-42 months
Girardet, 1981 [9] 1965-83 3 1 0 - 1 alive 11 months
Piehler, 1985 [10] 1965-83 43 10 2 (4.6%) Myocardial infarction. 6 alive 3-69 months;
Pulmonary haemorrhage 3 CD 10-30 months
Hura, 1987 [11] 1979-85 6 6 0 - 3 alive 6-23months;
3 CD 5-36 months
Canver, 1990 [12] 1982-88 21 8 1 (4.8%) Sternal dehiscence /sepsis 6 alive 13—-84 months;
1 CD 77months
Ulincy, 1992 [13] 1980-90 19 5 1 (5.3%) ARDS 2 alive 24-94 months;
3 CD 3.5-21 months
Yokoyama, 1993 [14] 1988-92 11 11 0 - 5 alive 1-19 months;
4 CD 5-22 months
Rosalion, 1993 [15] 1982-92 10 10 0 7 alive 12-38 months;
3 CD 3-13 months
Miller, 1994 [16] 1965-92 30 30 2 (6.7%) 5YS 34.9%
La Francesca, 1995 [17] 1973-90 21 21 5YS 52%
Brutel Riviere, 1995 [18] 1979-93 79 79 5 (6.3%) Sepsis, CVA, 5YS 42%
sudden iatrogenic
Rao, 1996 [19] 1982-95 30 17 2(6.5%) Aspiration CVA 5YS 80%
Danton, 1997 1990-97 13 10 0 - 6 alive 1-24 months;

2 CD 6-14 months

CD, cancer related death; 5YS, 5-year survival; MIl, myocardial infarction; ARDS, adult respiratory distress syndrome.
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in two patients (38 and 48 h) one of whom developed a left operations. The operative mortality in patients with coexist-
lower lobe collapse with retained secretions and required ing lung disease undergoing CABG is significantly
bronchoscopy. The other became confused post-operativelyincreased [6]. Delaying the lung resection will allow time
and reintubation was required to maintain an airway and to for tumour growth and dissemination; which may be
clear chest secretions. The postoperative blood loss tendecenhanced by the altered immune response sustained during
to be less in patients who avoided CPB and systemic hepar-CPB at the time of the cardiac surgery.

inization (mean= 300 ml; range 40-560 ml) compared A logical solution is to perform the pulmonary resection
with the bypass group (mean926 ml; range 400—2080  with the cardiac procedure simultaneously [7—19](Table 2)
ml). No patient required re-exploration for excessive bleed- although some surgeons have expressed a reluctance to such
ing. One patient sustained an enzyme proven myocardialan approach [13,16]. The principle concerns are of inade-
infarction which was not haemodynamically significant. quate exposure for lung resection through a median sternot-
Four patients developed supraventricular dysrhythmia andomy and the adverse effects of CPB, particularly
were managed with digoxin. We avoided the use of Amio- perioperative coagulopathy and immunosuppression. In
darone because of its possible association with the develop-patients undergoing myocardial revascularization with sui-
ment of adult respiratory distress syndrome (ARDS) table coronary anatomy the avoidance of CPB may be ben-
following lung resection [2]. There were no episodes of eficial by reducing the associated morbidity. Simultaneous

wound or chest space infection. pulmonary resection and myocardial revascularization with-
out CPB has been described for lobectomy.[20]. To our
3.2. Follow-up knowledge simultaneous pneumonectomy and CABG with-

out CBP, as performed in the present series, has not been
Follow up data was available on all patients ranging from previously reported.
1 to 48 months (mean 23.9. Of the ten patients with Median sternotomy was employed in the majority of
bronchogenic carcinoma, five are currently alive: four patients in the present series as it allowed the cardiac and
patients have no evidence of disease at postoperative interpulmonary surgery to be performed through a single inci-
vals ranging from 12 to 39 months (mear23.7), one sion. It offers good exposure to both lung hila and has been
patient (No. 4) is presently undergoing radiotherapy for employed by some authors as their standard approach for
local recurrence 40 months postoperatively. Three patientsroutine pulmonary resection [21]. Compared with poster-
have died from metastatic carcinoma 6, 8 and 18 months olateral thoracotomy, median sternotomy has been asso-
postoperatively; each had Stage 111A tumours. There haveciated with a reduction in postoperative pain and
been, in addition, two non-cancer related deaths. One analgesic requirements and a quicker recovery of pulmon-
patient (No. 6) was readmitted 3 months following uncom- ary function [22]. Left lower lobectomy is technically the
plicated right pneumonectomy with a broncho-pleural fis- most difficult pulmonary resection through a median ster-
tula and pleural space infection. The pleural cavity was notomy as the dissection tends to be obscured by the heart
drained for symptom control but because of his generalised and retraction may induce dysrhythmias and haemodynamic
debility repeat thoracotomy and surgical closure was not instability. This resection can be facilitated by extending the
performed. He succumbed to systemic sepsis. Anotherincision laterally into the intercostal space [22] as per-
patient (No 1) on long-term anticoagulant treatment follow- formed in one patient in the present series.
ing the mechanical aortic valve replacement, had a fatal Access to the posterior mediastinum for lymph node sam-
subdural haemorrhage. The three patients with either benignpling is possible although more difficult compared with that
disease or carcinoid are alive and symptom free 24-48 of thoracotomy [13,14]. A separate postolateral thoracot-
months post operatively. omy may still be necessary for certain tumours invading
the chest wall. However, when two incisions have been
employed post-operative pain and mortality increases [18]
4. Discussion and if possible this is best avoided. Sternal infection and
dehiscence is a potential complication [12,13] but was not
In patients with lung carcinoma amenable to surgery, realised in the present series.
resection offers the best hope for cure. Following resection  Patients who undergo heart surgery with CPB are at sub-
of stage | non-small cell lung cancer 5-year survival rates of stantial risk of postoperative bleeding [23]. Bleeding can
65-92% have been achieved [3]. If however, such a patientresult from excessive heparinization, inadequate heparin
has in addition coexisting cardiac disease the operative mor-neutralisation or protamine excess. More commonly it is
tality following lung resection is significantly increased [1]. the result of a transient impairment of platelet function
Performing the myocardial revascularization prior to the mediated by platelet activation during passage through the
pulmonary resection, as in a staged procedure, reduces thextra-corporeal circuit [24]. In patients undergoing a con-
postoperative morbidity and mortality [4,5]. comitant procedure, bleeding may arise both from the area
The staged procedure has, however, several disadvan-of the lung resection and mediastinal node dissection and
tages. It involves the cost and morbidity of two separate accounts for a significant cause of postoperative morbidity
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[13,14]. Piehler et al. described one fatality resulting from are minimised which may improve the long-term survival.
intrapulmonary haemorrhage following multiple pulmonary ~ Anatomical lobectomy or pneumonectomy was the pre-
wedge excisions for metastatic carcinoma [10]. CABG ferred resection for lung cancer in the present series. Some
without CPB significantly reduces post operative bleeding authors have questioned whether such radical surgery is
and transfusion requirements [25]. To reduce the risk of necessary having demonstrated comparable survival rates
bleeding in the present series, patients with suitable coron-for lobectomy and wedge excision in small peripheral
ary anatomy underwent CABG, without CPB. Alternatively, lung carcinoma [36]. A limited resection has particular
when CPB was necessary the lung resection was performedappeal in patients with reduced pulmonary function, low
prior to heparinization and its institution. Furthermore ana- cardiac reserve or who have sustained the insult of a simul-
tomical resections of the lung were preferred to wedge exci- taneous cardiac surgical procedure. More recent prospective
sions in order to reduce the risk of intraparenchymal trials have favoured lobectomy over limited resections
haemorrhage. demonstrating survival advantage and reduced incidence
Pulmonary dysfunction sustained during CPB may of loco-regional recurrence in patients with peripheral
adversely affect the outcome in patients undergoing simul- TINO non-small cell lung cancer; we have thus favoured
taneous lung resection and cardiac surgery. Mechanisms othis approach [37].
lung injury include fluid overload, activation of the inflam- The predicted survival following lung resection is in part
matory response and endothelial cell injury [26]. These determined by the nodal status of the tumour and the prin-
effects become increasingly important in patients with cipal benefit of lymphadenectomy is in accurate staging of
established lung disease [27] which may often coexist in the disease. Whether a radical systematic mediastinal lym-
patients with pulmonary neoplasm. By avoiding CPB for phadenectomy confers a survival advantage compared with
CABG the lung injury is amoliated and early extubation is that of a lesser dissection of the lymph nodes is less clear.
possible [28]. Both patients in the present series who Furthermore a radical dissection prolongs the operating
avoided CPB underwent pneumonectomy and early extuba-time and increases the morbidity [38]. We routinely
tion was performed without adverse respiratory sequelae.removed bronchopulmonary (station 11, 12) and hilar
Alternatively in patients requiring CPB for cardiac surgery nodes (station 10), subcarinal nodes (station 7) [39] were
potential therapeutic options to attenuate lung injury include removed only if accessible. In the absence of controlled
reducing fluid retention by haemoconcentration [29] and trials it is difficult to evaluate the long-term survival in
leukocyte filtration [30]. We avoided intravenous Amiodar- patients with lung cancer who have undergone simulta-
one in the management of postoperative arrhythmias neous procedures. In the previous published series the
because of the associated risk of ARDS following lung patient numbers tended to be small with variability in the
resection [2]. tumour stage and the surgical treatment employed. As a
There has been concern expressed regarding that alteraresult definitive conclusions regarding survival are not pos-
tions in the immune system following cardiopulmonary sible. Although some authors have demonstrated 5-year
bypass which may enhance malignant growth and decreasesurvival rates of 40—-80%, comparable with isolated pul-
long term survival in patients with coexisting cancer. Sev- monary resection [17-19], others have had a less favour-
eral authors demonstrated that in patients undergoing com-able experience [14,16]. In the present series cancer free
bined surgery long-term survival is improved if the lung survival was determined by the tumour stage, with poor
cancer is resected prior to CPB compared with during survival in patients with T3 tumours. Nevertheless in care-
CPB [18,19]. However, there does not appear to be anfully selected patients simultaneous pulmonary resection
increase in cancer recurrence in patients with previously with cardiac surgery is possible with an acceptable opera-
treated malignant conditions who subsequently undergo car-tive mortality (0—6.5%) and offers the patient a potential
diac surgery [31]. Immunological alterations following CPB chance of cure.
include depression of cell mediated immunity with
decreased T-cell subsets [32], reduction in natural killer 4.1. Conclusions
(NK) cell activity [33], and depressed granulocyte chemo-
taxis [34]. These deleterious effects on the host defence may From this personal experience and a review of the litera-
explain the high incidence of opportunistic microorganisms ture we conclude that simultaneous pulmonary resection
in nosocomial infections among patients undergoing cardiac and cardiac surgery can be safely performed with adequate
surgery [35]. However, the specific effects of CPB on cancer free survival in patients with stage 1 or stage 11
tumour growth and dissemination in patients with coexist- pulmonary neoplastic disease. Early cancer recurrence and
ing malignhant disease remain largely unknown. A transient poor long-term survival was principally determined by the
perioperative depression of immune function may provide a primary tumour stage. Patients with advanced tumours (T3)
window for malignant growth and dissemination in patients and those requiring complex resections of the chest wall
with coexisting disease. By performing simultaneous pro- may have a less favourable outcome and not suitable for
cedures and resecting the tumour prior to commencement ofthis type of surgery. Avoidance of CPB is possible in
CPB or avoiding the use of bypass completely these effectsselected patients with suitable coronary anatomy and may
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decrease the operative morbidity, by reducing post opera- resection and cardiac operation. Ann Thorac Surg 1996;62:342—

tive blood loss and mechanical ventilation requirements. 347. _ _ _

[20] Yellin A, Moshkovitz Y, Simanski DA, Mohr R, Hashomer T. Cor-
onary revascularisation and pulmonary lobectomy without cardiopul-
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