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INTRODUCTION 
Carcinoid tumor is a rare disease with an incidence of 2 cases and 0,7 case per 
100,000 people in the United States and Europe respectively1. First described by 
Lubarsh in 1888, the carcinoid entity is due to high levels of circulating vasoactive 
mediators, mainly serotonin as described later in 1953 by Lembech2,3. Reduced 
hepatic metabolism due to liver metastasize allow these substances to reach the 
right side of the heart while generally sparing the left, mainly due to pulmonary 
metabolization of the vasoactive substances. This eventually leads to a carcinoid 
syndrome essentially characterized by flushing and diarrhea4,5. 
As demonstrated by Page et al., carcinoid tumors are accompanied by elevation 
of 5-hydroxy indole acetic acid (5-HIAA) which is itself a byproduct of serotonin 
metabolism and is commonly used to confirm the diagnosis1,6. 
The first case of carcinoid heart disease (CHD) has been reported in 1954 by 
Thorson and Nordenfelt7. Right heart failure is common mainly due to tricuspid 
valve regurgitation. Though 20% of patients with carcinoid syndrome show signs 
of CHD at the time of diagnosis, cardiac involvement is present in about 60% of 
them4.  
 
It is now well demonstrated that serotonin, mainly produced by the 
enterochromaffin (or Kulchitsky) cells, plays a major role in stimulating fibroblast 
growth and fibrogenesis. These lesions concern mostly the right side of the heart 
in about 90% of cases with the tricuspid valve being the main target; concomitant 
pulmonary valve lesion has been described as rare and the main mechanism is 
regurgitation rather than stenosis8,9. Upon histopathological assessment of the 
valve leaflets, valvular sub-apparatus and endocardium, it is common to find 
typical fibrous plaques and proliferating myofibroblasts in the extracellular 
matrix. In some cases, the intima of big vessels may be concerned8,10. 
 
Without cardiac surgery, the overall survival of patients with CHD is reduced to 
31% while only 10% survive during the next two years after falling into the 
category of New York Heart Association (NYHA) functional class > 24,11. 
However, proper timing of surgery has improved 5-year survival from 30% in the 
1980`s to currently around 55%12. Furthermore, some studies show that this 
survival does not seem to be influenced by the number of valves replaced or the 
type of prosthesis being used, but the current literature about these statements is 
considered to be poor13–15. 
 
In this study, we describe the clinical characteristics and present the early 
outcomes of 8 patients who underwent heart valve surgery after being diagnosed 
with CHD in our institution. 
 
 
 



METHODS 
Study group 
Between April 2003 and January 2021, 8 patients underwent cardiac surgery for 
CHD at our institution. In each case, the diagnosis was initially made by a 
multidisciplinary committee based on clinical symptoms involving at least 
flushing in all patients, pathology specimens, 24 hour 5-HIAA urinary samples 
and thoraco-abdominal computed tomography. All patients had confirmed 
digestive lesions with at least hepatic metastasizes. The committee was comprised 
of internal medicine specialists, oncologists, general surgeons, pathologists, 
cardiologists and cardiac surgeons. Repeated echocardiograms performed by 
trained senior cardiologists confirmed cardiac involvement during carcinoid 
syndrome. 
The mean age was 60 ± 9 years (range 49-72) comprising of 5 men and 3 women.  
 
Surgery  
1 patient had quadruple valve replacement, 3 patients had both tricuspid and 
pulmonary valve replacement while 4 patients had only tricuspid valve 
replacement. 3 patients had mechanical valve replacements. 
All patients underwent aorto-bicaval cardiopulmonary bypass via sternotomy. 
Cross clamp was used in only 6 patients with myocardial protection done by 
anterograde and intermittent retrograde cold-blooded cardioplegia every 20 
minutes. Central temperature was lowered to 33°C in those 6 patients while it was 
36°C for the other 2 patients without cross clamp. 
 
Follow-up 
All patients known by the multidisciplinary committee prior to surgery were 
monitored after heart valve surgery via latest medical records available. Peri-
operative death was defined as occurring within 30 days after surgery or during 
the same hospital stay. 
 
Consent 
All patients had given their oral consent for data retrieval and have been formal 
waivers during their follow-up. 
 
 
RESULTS 
The clinical characteristics of all 8 patients are represented in table 1 including 
preoperative data. 
 
Mean EuroSCORE II was 3,83% (range 1,22 – 16,03) ; the highest being 1 patient 
who had previous cardiac surgery (coronary artery bypass grafting) 11 years prior 
to the carcinoid diagnosis. 
 



Patient 1 2 3 4 5 6 7 8 

Age (years) 
BMI (kg/m2) 
Female gender 
Hypertension 
Diabetes II 
Dyslipidemia 
Renal function 
(ml/min/m2) 
Atrial 
fibrillation 
NYHA 
  Class I + 
  Class II ++ 
  Class III +++ 
  Class IV ++++ 
 
Tiffeneau index 
(%) 
 
EuroSCORE II 
(%) 
 
Primary tumor 
site 
 

52 
21,6 
Yes 
No 
No 
No 
91 

 
No 

 
 

+ 
 
 
 

 
95 
 
 
1,22 
 
Unknown 

65 
23,3 
Yes 
Yes 
No 
No 
91 

 
No 

 
 
 

 
+++ 

 
 

85 
 
 

3,07 
 

Ileum 

53 
23,6 
Yes 
Yes 
No 
Yes 
56 

 
No 

 
 

 
 

 
++++ 

 
85 

 
 

2,08 
 

Rectum 

56 
25,1 
No 
Yes 
No 
No 
90 

 
No 

 
 

+ 
 
 
 

 
84 

 
 

1,51 
 

Ileum 

72 
21,1 
No 
Yes 
No 
Yes 
54 

 
Yes 

 
 
 

++ 
 
 

 
76 

 
 

16,03 
 

Ileum 

49 
31,5 
No 
Yes 
No 
No 
77 

 
No 

 
 
 

 
+++ 

 
 

63 
 
 

2,44 
 

Ileum 

68 
17,5 
No 
Yes 
Yes 
Yes 
87 

 
No 

 
 
 

 
+++ 

 
 

68 
 
 

2,71 
 

Ileum 

68 
22,8 
No 
No 
No 
No 
37 

 
No 

 
 
 
 

+++ 
 
 

91 
 
 

1,59 
 

Hepatic 

Table 1. Preoperative clinical features of patients with carcinoid heart disease. 
Age is reported at time of operation. Data is expressed in mean values or percentage. 
BMI : Body Mass Index, NYHA : New York Heart Association 
 
3 patients (37,5%) had renal impairment with creatinine clearance less than 60 
ml/min/m2 but none required dialysis before surgery. 
The most common site for primary tumor localization was in the midgut with 
62,5% being the ileum. In one patient, primary localization could not be found 
despite having subsequent abdominal surgery. 
Tiffeneau index showed no pulmonary function impairment except for 1 patient 
with class 1 obesity. 
 
Intra and postoperative data are represented in table 2; all patients had severe 
tricuspid regurgitation.  
Mean ICU stay was 9,4 days (range 1-39) while mean hospital stay was 23,5 days 
(range 10-52).  
Mean cardiopulmonary bypass time was 147 minutes (range 81-255) ; no patient 
required extracorporeal life support during the postoperative period.  
 
Definite pacemakers were required in 2 patients out of which 1 required re-
opening for bleeding.  
 
2 out of the 3 patients with preoperative renal impairment needed dialysis during 
the postoperative phase out of which 1 had to be re-intubated. 
 



 
 

Patient 1 2 3 4 5 6 7 8 

 
LVEF , % 
Regurgitation 

Tricuspid 
Pulmonary 

Mitral 
Aortic 

Stenosis 
Tricuspid 

Pulmonary 
Mitral 
Aortic 

 
 

Duration of 
cardiac symptoms 
before surgery 
(months) 

 
Valve and size 
(mm) 

Tricuspid  
Pulmonary 

Mitral 
Aortic 

 
 
Bypass (mins) 
X-clamp (mins) 
Extubation (hours) 
ICU stay (days) 
NYHA post-op 
Pacemaker 
Dialysis 
Hospital stay 
(days) 
Follow up 
(months) 

 
58 

 
Severe 

Mild 
- 
- 
 

Moderate 
- 
- 
- 

 
 

6 
 
 
 

 
 
 

Bio 29 
 
 

 
 
 

90 
74 
24 
5 
1 
- 
- 

12 
 

84 

 
60 

 
Severe 

- 
- 
- 
 
- 
- 
- 
- 

 
 

6 
 
 
 
 
 
 

Bio 31 
 
 

 
 
 

81 
53 
5 
3 
1 
- 
- 

13 
 

48 (D) 
 

 
71 

 
Severe 
Severe 

Mild 
Mild 

` 
Severe 

Moderate 
- 
- 

 
 

12 
 
 
 
 
 
 

Mec 29 
Mec 19 
Med 21 
Med 29 

 
 

255 
210 

168, R 
39 
1 

Post-op 
+ 

47 
 

43 days (D) 

 
56 

 
Severe 

- 
- 
- 
 

Moderate 
- 
- 
- 
 
 

60 
 
 
 
 
 
 

Mec 29 
 
 
 

 
 

118 
102 

8 
1 
1 
- 
- 

10 
 

54 

 
55 

 
Severe 

- 
- 
- 
 

Mild 
- 
- 
- 
 
 

12 
 
 
 
 
 
 

Bio 33 
 
 
 

 
 

159 
0 

23 
6 
1 
- 
- 

20 
 

77 days (D) 

 
55 

 
Severe 
Severe 

- 
- 
 

Mild 
- 
- 
- 
 

 
1 
 
 
 
 
 
 

Mec 33 
Mec 23 

 
 

 
 

173 
145 

5 
3 
1 
- 
- 

17 
 

36 

 
65 

 
Severe 

Mild 
- 
- 
 

Moderate 
- 
- 
- 
 

 
12 

 
 
 
 
 
 

Bio 31 
Bio 21 

 
 
 

 
146 

0 
15 
9 
1 

Post-op 
- 

17 
 

12 

 
69 
S 

Severe 
Moderate 

- 
- 
 

Moderate 
- 
- 
- 
 

 
24 

 
 
 
 
 
 

Bio 31 
Bio 25 

 
 

 
 

156 
129 
28 
9 
1 
- 
+ 

52 
 

2 

         

Table 2. Perioperative data of carcinoid heart disease patients who underwent 
heart valve surgery. 
Data is expressed in mean values or percentage. 
LVEF : Left Ventricle Ejection Fraction, Bio : Bioprosthesis, Mec : Mechanical prosthesis, X-
clamp : Cross clamp, Extubation,R : Re-intubated, Post-op : postoperative event, Follow up (D) 
: death during follow up 
 
The mean time delay from carcinoid heart disease diagnosis to valve surgery was 
16,6 months (range 1-60).  
Postoperative functional status showed NYHA class 1 in all patients. No case of 
valvular complications (thrombus, leak or infection) was reported till the last date 
of follow-up. 
 



Current follow-up status accounts a perioperative survival rate of 75%. A total of 
3 deaths was recorded : 2 during the perioperative period which were secondary 
to nosocomial pulmonary infections and 1 distant death due to the carcinoid tumor 
evolution.  
 
All 5 remaining patients showed NYHA functional class 1 while being uneventful 
upon their last medical visit ; one patient has had a 7-year spell as such, but follow-
up has since been lost due to overseas migration. 
 
All pathological findings of excised valves were pathognomonic of CHD with 
fibrosis being the predominant aspect in both the leaflets and sub apparatus. 
 
DISCUSSION 
It is now well established that heart valve surgery is the only definite way to 
ensure that patients with carcinoid heart disease find symptomatic relief with 
Moller et al. reporting a postoperative median survival up to 11 years14. Despite 
our small number of patients, we share common findings concerning preoperative 
functional NYHA class with over 30% in class III and 10% in class IV 12.  
If pulmonary stenosis can worsen tricuspid regurgitation, low cardiac output 
might underestimate the former. Elevated right heart pression or dilated chambers 
may lead to stretching and reopening of patent foramen ovale in severe CHD, but 
we had no such event. Even though the use of somatostatin analogues since 1986 
has significantly changed the way to handle carcinoid syndrome, no consensus 
has been reached so far concerning the optimal surgical timing5.  
Our findings clearly display this fundamental problem in carcinoid patients with 
disparate time lapse from diagnosis to surgery. Moreover, if surgery is not 
considered for end-stage metastatic disease or poorly controlled carcinoid 
syndrome, it is a clinical challenge to distinguish it from right heart failure. In 
such cases, only postoperative clinical status eventually helps for confirmation 
but it may be at the cost of having straight away decreased survival due to intrinsic 
cancer related morbidity issues15–17.  
Clinical findings show that 20% of patients with carcinoid syndrome present 
valve lesions at the time of diagnosis. Cases have been reported where patients 
had severe valvular lesions despite being NYHA I14.  
Hence, we believe it is wise in this current era to encourage early surgery which 
shows acceptable short-term mortality18,19. In addition, more frequent cardiac and 
biological screening should be done in CHD patients without excluding the 
possibility of new biomarkers else than urinary 5-HIAA and N-terminal pro-
Brain-Type Natriuretic Peptide (NT-pro-BNP)5,20.  
 
The choice of a mechanical or biological prosthesis stays a highly controversial 
subject as literature is limited. Thorburn & al. showed in 1983 that survival was 
neither linked to the number of heart valves being replaced nor to the type of 



prosthesis used13. Other authors showed that freedom from reintervention was not 
related to prosthesis type15.  
Early degeneration in bioprosthesis and anticoagulation in mechanical valves are 
the two main relevant issues with respect to the population’s survival chances and 
the need for adjuvant treatment with high bleeding risks4. Thrombus can occur in 
both types with around 4% per annum in mechanical tricuspid valves and it is also 
the main reason for bioprosthesis dysfunction9,15. 
Circulating vasoactive substances have been thought to be the reason for early 
bioprosthesis degeneration via plaque extension and fibrosis but these 
observations have been uncommon in explanted bioprostheses whereby thrombus 
was the main cause of dysfunction. As a matter of fact, octreotide therapy and 
liver dearterialization following cardiac surgery can be very effective. These CHD 
patients often have subsequent surgical procedures and chemotherapy hence 
making the use of mechanical valves with vitamin K antagonists difficult to 
handle without additional risks. Moreover, since life expectancy rarely exceeds 
bioprosthesis durability, short-term outcomes are better when using them21,22.  
That is why current literature shows a tendency towards the preferred use of 
bioprosthesis ; some authors authorize 3 months of anticoagulation during the 
postoperative period with frequent postoperative echocardiogram monitoring15. 
While it is common to find pure tricuspid regurgitation in CHD, the pulmonary 
valve shows both stenosis and regurgitation. Knowing that postoperative 
mortality is mainly due to the carcinoid disease itself and not as a complication of 
the surgery, it is legitimate to consider pulmonary valve replacement23. This can 
avoid late deaths as shown by Yong & al. thus improving long-term and overall 
outcomes24. Due to obvious known reasons of calcification and thickening, 
pulmonary homografts are generally avoided. However, transcatheter pulmonary 
valve may be considered in high-risk patients 
 
Univariate and multivariate analysis in the literature show that CHD patients with 
advanced NYHA functional class have a lower rate of survival either in long term 
or during the perioperative period. However, this survival rate can increase when 
valve surgery includes treatment of coexistent left heart valvular disorders25. 
Multiple valve replacements should hence be carried out upon the situation as the 
outcomes seem to be independent from the number of valves replaced or types of 
prostheses being used while showing good mid-term survival rates16.  
In our study, the same argument seems to be valid since we had a 75% 
perioperative survival rate with acceptable short and mid-term results as 
compared to larger series whereby median survival ranges from 6 to 11 years after 
cardiac surgery4,22. Furthermore, we did not find any valve-related complications; 
the 2 perioperative deaths at 43 and 77 days and a midterm one at 4 years were 
not related to surgical issues. 
Nevertheless, all the patients showed significant improvement in their NYHA 
functional class after surgery. Even those described as preoperative NYHA class 



1 stated a different state of well-being. This could be a very subjective issue since 
data was obtained from medical records kept by different physicians at different 
times of the clinical evolution of patients26. Moreover NYHA functional class in 
itself seems to be less performing during the clinical evaluation of mildly 
symptomatic or asymptomatic patients ; the addition of another tool for evaluating 
NYHA 1 or 2 CHD patients could help to overcome this heterogeneity27. 
 
CONCLUSION 
In our study, we confirm that single or multiple valve replacements in CHD is 
feasible and acceptable with good outcomes in the current era provided that an 
experienced multidisciplinary committee ensures well controlled carcinoid 
symptoms prior to surgery. Prosthesis choice should be done singularly 
considering each patient’s data. Regular cardiac screening can help to consider 
early valve replacement, prior to symptoms of right and/or left heart failure, thus 
increasing survival rates with low perioperative morbidity.  
 
LIMITS 
Our main limitation is in the fact that this study is based on a single center 
experience at a teaching hospital with a small sample size. Data prior to year 2000 
was unavailable in the archives as well as those from a non-teaching hospital with 
cardiac surgery activity in the same geographical zone. Follow-up of patients were 
mainly based on latest available medical records which we assume to be the last 
date of information. 
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