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Heart transplantation has become well-established as therapy for patients with end-stage cardiac
disease, since the introduction of cyclosporine immunosuppression in 19802, The survival rate for cardiac
transplant recipients treated with cyclosporine has increased because the leading causes of mortality,
infection and cardiac rejection, have decreased?-~5),

Radiological descriptions of respiratory infections occurring after cardiac transplantation have been
limited, especially after the introduction of cyclosporine®-19, This study updates the clinical and radiologic
findings of pulmonary infections in patients treated with cyclosporine, azathioprine, and corticosteroids
after cardiac transplantation.

Materials and Methods

Between November, 1985, and November, 1989, 54 patients underwent 55 cardiac transplants (One
patient underwent reoperation). Five patients died intraoperatively or within one weelk of transplantation.
The other 49 patients followed-up for at least 5 months constitute the subjects for this series.

Ages ranged from 16 to 61 years (mean, 44.8 years). Ten patients were female and 39 male. The
preoperative diagnoses were end-stage ischemic heart disease (n=-24), idiopathic cardiomyopathy (n=23),
familial cardiomyopathy (n=1), and postpartum cardiomyopathy (n= 1).

Triple drug immunosuppression consisting of cyclosporine, azathioprine, and prednisolone was
administered to all patients. Oral cyclosporine was adjusted to achieve whole blood high power liquid
chromatography (HPLC) levels of 200~300 ng/ml for the first month after transplant, and the level was
allowed to drop to a maintenance of 125~200 ng/ml. Azathioprine was combined at 2 mg/kg/day, adjusted
for white blood cell count. Prednisolone was maintained at 0.2 mg/kg/day.

Episodes of cardiac graft rejection, diagnosed by endomyocardial biopsy, were treated with pulse
intravenous methylprednizolone (1 g/day) within the first 2 months after transplant; Thereafter, rejection
was treated with oral prednisolone (100 mg/day followed by a 2 week taper to maintenance). Steroid-
unresponsive rejection was treated with rabbit antithymocyte serum or OKT3.

Cefuroxime and either Nafcillin or Vancomycin were given as perioperative antibiotic prophilaxis for
48 hours. Beginning with the second month after transplant and extending through the sixth,
Trimethoprim-sulfamethoxazole was given twice weekly as Preumocystis carnii prophilaxis. Serum
immunoglobulin was given per protocol once weekly for 5 weeks after transplant to all but one
Cytomegalovirus (CMV) negative recipients with a seropositive donor. Also many seropositive recipients
with seropositive or seronegative donors received the immune globulin protocol treatment,

Aciclovir was used to treat clinically evident herpes simplex viral (HSV) infection but was not used
prophilactically. Clotrimezole was used for Candida prophilaxis.

Chest radiographs were reviewed in all patients. Radiographs were obtained immediately after heart
transplant and at least daily before discharge. After discharge, chest radiographs were obtained as
indicated by the patient’s clinical status. Immediately after surgery, anteroposterior (AP) portable
radiographs were performed in the intensive care unit, but posteroanterior (PA) and lateral radiographs
were obtained once the patient was discharged from the unit.

The diagnosis of pneumonia was based on the presence of a new intrathoracic radiographic opacity
with either (a) culture, serologic, cytologic, or histopathologic evidence of a specific organism or (b) clinical
course in which pulmonary infection appeared highly likely. CMV pneumonia was diagnosed by culture or
spin amplified plate cultures!” from bronchoalveolar lavage or transbronchial biopsy.

Radiographic interpretation was based on prospective review of the radiographs by two authors
(J.D.G., S..LM.) and retrospective review of the radiographs by two authors (S.M., J.1). All four reviewers
were aware of relevant clinical data.
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Results

Of the 49 patients, 4 patients had died as of April 30, 1990. Follow-up periods of all patients are
classified on Table 1. Death was caused by infection (n=1), and cardiac rejection (n=2), and primary lung
cancer (n=1).

Pulmonary infection after transplantation developed on 21 occasions in 14 (29%) of the 49 patients. Six
of the 49 patients had multiple separate episodes of pneumonia. Radiographic patterns and clinical data are
summarized on Table 2.

Causative organisms were identified for 9 (43%) of the 22 episodes of pulmonary infections, with
multiple organisms found in 2 episodes (CMV plus P. carinii, and CMV plus P. carinii plus Pseudomonous

Table 1 Follow-up Time (months) After Cardiac Translantation

<6.0 6.1-12.0 12.1-24.1 24.1-36.0 >36.0
Alive (n=45) 2 5 15 12 10
Dead (n=4) 0 2 0 1 1
Table 2 Clinical and Radiographic Data
: Diagnostic Onset . :
Case Age/Sex Organism Procadire oD Radigraphic Patterns
1 53M CMV throat culture 1.9 subtle diffuse interstitial
prominenc
2 48M CMV BAL 1.6 diffuse interstitial prominenc
unidentified N/A 14.0 bibasilar interstitial opacities
3 52F P carinii TBLB 2.0 diffuse interstitial promi-
+ CMV nence leading to diffuse air
space shadow
4 5T CMV BAL 3.0 diffuse interstitial promi-
+P carinii TBLB nence leading to lobar air
+P aeruginosa  sputum culture space shadow
5 51M  E coli pleural fluid 1.1 LLL consolidation with left
culture pleural effusion, leading to
empyema
Aspergillus TBLB 7.3 a round nudule leading to
multiple cavitary round nod-
ules
6 50M H flu BAL 10.5 bibasilar interstitial opacities
7 48M HSV BAL 0.5 diffuse patchy and confluent
opacities
CMV throat culture 2.0 unidentified
unidentified N/A 3.5 bibasilar interstitial opacities
8 31IM unidentified N/A 0.2 a focal patchy opacity
9 4TM unidentified N/A 14.1 right basal interstitial opac-
ities
10 53M unidentified N/A 2.3 left basal interstitial opacities
unidentified N/A 14.3 left basal patchy opacities
11 29M  unidentified N/A 19.5 left basal patchy opacities
unidentified N/A 25.0 LLL consolidation
12 35M  unidentified N/A 3.8 both basal patchy opacities
13 44M unidentified N/A 0.4 right basal patchy opacities
14 50M unidentified N/A 28.4 right basal patchy opacities
unidentified N/A 33.4 right middle lobe consolida-

tion

BAL =bronchoalveolar lavage, TBLB=transbronchial lung biopsy, N/A=not applicable, LLL =
left lower lobe

(24)
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a b

Fig. 1 (Case 1) CMV pneumonitis. PA radiograph 1.9 months after cardiac transplantation
shows prominent interstitial opacities (b), compared to the normal chest radiograph 5 days
before ().

Fig. 2 (Case 3) P carinii pneumonia. PA chest
radiograph 2.0 months after cardiac transplan-
tation shows diffuse air space shadowing over-
lying on the diffuse interstitial opacities.

FHL 34 7 A25H (25)
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a b

Fig. 3 (Case 5) Aspergillus infection. PA chest radiograph 7.3 months after cardiac trans-
plantation shows a focal round nodule in the right lower lung (a), leading to multiple cavitary
nodules on a AP portable chest radiograph in a week (b).

aeruginosa). Death occurred in one case with aspergillosis.

CMV was the most commonly identified organism in this study (5 episodes). CMV pneumonitis was
initially seen radiographically from 1.6 to 3.0 months. Radiographic patterns of the 4 episodes of CMV
associated infection were diffuse interstitial prominence (n=4) with focal pulmonary haziness (n=2). In one
case, diffuse interstitial prominence was subtle (Fig. 1). In one episode, patchy and confluent opacities due
to remote HSV infection obscured the CMV infection.

P. carinii was found in 2 episodes of infection and both were combined with CMV infection. Neither
episode was fatal. P. carinii pneumonia was seen radiographically at 2.0 months and 3.0 months after
transplantation, and the radiographic patterns in both cases were diffuse interstitial prominence with air
space shadowing (Fig. 2).

Aspergillus was found in one episode leading to death, developing at 7 months after transplantation.
The initial radiographic pattern was a focal nodular opacity, which progressed to multiple patchy opacities
(Fig. 3).

Three episodes of bacterial infection occurred. E. coli infection presented as left basilar consolidation
and pleural effusion leading to empyema (Fig. 4). Hemophilia influenza (H. flu) infection presented as
bibasilar interstitial opacities (Fig. 5). Ps. aeruginosa was combined with CMV and P. carinii pneumonia.

HSV was found in one patient. It was first apparent on radiographs 0.5 months after transplantation.
The radiographic pattern was diffuse, ill-defined, nodular and confluent opacities (Fig 6).

No causative organisms were identified in twelve additional episodes of clinically and radiographically
diagnosed pneumonia. These episodes resolved after empiric antibiotic therapy. They developed 13.2
months + 3.2 months (mean + standard deviation), which is significantly different from the mean of 3.3

(26) BAERAE #51% #7175
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a

Fig. 4 (Caseb) E coli infection. (a) PA chest radiograph 1.1 months after cardiac tran';pldntaticn shows a
left lower lobe consolidation and left pleural effusion. (b) Noncontrast CT of the chest 2 months after (a)
shows an empyema in the left thorax.

1

Fig. 5 (Case 6) H flu infection. PA chest radio- Fig. 6 (Case 7) HSV infection. AP portable chest

graph 10.5 months after cardiac transplantation radiograph 0.5 months after cardiac transplan-
shows subtle interstitial opacities in both bases. tation shows diffuse patchy and confluent
opacities,

months + 1.0 month in the 9 episodes of pneumonia with identified organisms. Radiographic patterns were
focal patchy opacities or lobar consolidation (n=8) and interstitial opacities (n=4).

Discussion

Clinical Findings

In this study, opportunistic pathogens were the most commonly identified organisms causing pulmo-
nary infection. These results are comparable to those in previous reports®™12-20, The most frequent
organism in our series was CMV, appearing in 5 (56%) of 9 episodes of posttransplantation pulmonary
infection with a documented organism. Overall, the frequency of CMV pneumonitis in our series was 10%,
which is comparable to the previous report'®. CMV has been also described as the most common organism

SERL 34E 7 H25H (27)
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found in infected lungs in renal transplant recipients receiving cyclosporine!¥s, The considerable
susceptibility of transplant recipients to CMV appeared to be related to viremia and suppressed T cell-
mediated immunity, but mechanisms of this susceptibility are not well understood!#13161722)_In our series,
CMV was not fatal, which is different from the experience in the other series™s13).,

P. carinii was identified in two cases and the overall frequency of pneumonia in our series was 4%.
This low frequency is compatible with previous reports'®2V2), Hofflin et al concluded that P. carinii
pneumonia was significantly less common with immunosuppressive regimens at the same institution'®,
More importantly, trimethoprimsulfamethoxazole prophilaxis was given during 26 months after trans-
plantation. On the other hand, relatively high frequencies of P. carinii pnuemonia have been reported from
several institutions®?¥, This discrepancy suggests that P. carinii pneumonia in cardiac transplant
recipients may vary among institutions and geographic regions.

No deaths were caused by P. carinii pneumonia. This fact confirms previous observations that the
course of P. carinii pneumonia in the posttransplantation population tends to be less severe than in
patients with AIDS!.

The frequency of identified bacterial infection was 3 (14%) of the 21 episodes of the posttransplantation
pulmonary infections. Three episodes of pneumonia were caused by E. coli, H. flu, and Ps. aeruginosa. This
fact confirms the previous reports that aerobic gram-negative rods are the predominant bacterial
organisms after cardiac transplantation®1622),

Two episodes of mixed pulmonary infections, CMV plus P. carinii, and CMV plus P. carinii plus Ps.
aeruginosa, were identified. P. carinii and Ps. aeruginosa have been the most common organisms detected in
the mixed infections with CMV in immunocompromised hosts!2,

Aspergillus infection was found in 1 (5%) of the 21 episodes of pulmonary infections. The frequency of
fungal infections in recipients of heart transplant has decreased since the advent of cyclosporine
immunosuppression'®, as reflected in our results. However, aspergillus infection was fatal in the present
study. Aspergillosis is highly lethal in heart transplant recipients!®’. Generally the earlier the diagnosis, the
greater chance there is of successful amphotericin therapy®. Therefore, early diagnosis of aspergillosis
using transbronchial biopsy or lung biopsy is important.

HSV infection was identified in one patient. Generally HSV infection represents reactivation of latent
virus. The lungs are seeded from the mucocutaneous HSV disease?®. Many episodes of mucocutaneous
HSV were observed in our study subjects but pneumonia occurred in only one case. Visceral dissemination
of HSV has been reported to be uncommon despite high frequency of mucocutaneous HSV in organ
transplant recipients?®.

Pulmonary infections with documented organisms were initially seen at 0.5~3.0 months after
transplantation with the exception of a case of Aspergillus infection and a case of H. flu infection.

CMYV has been described as the infecting agents found most frequently between 1 and 6.5 months after
heart transplant®'?. In our study, CMV pneumonitis was found between 1.6 and 3.0 months and confirms
that CMV pneumonitis occurs in the early period after heart transplant.

P. carinii pneumonia has been reported to develop within 2~11 months after heart transplant®, and
within 2~6 months after transplantation in renal transplant recipients!V¥, In our study, F. carinii
pneumonia occurred 2.0 and 3.0 months after transplantation in two cases.

Aspergillus infection has been also described as an infecting agent in the early period after
transplantation, but in our study, one Aspergillus infection occurred 7.3 months after transplantation.

HSV infection was found very early after heart transplant (0.5 month) in our study. HSV infection in
the other reports occurred at 1.5, 4.2, and 10.7 months after heart transplant®®. Twelve episodes of
clinically diagnosed pulmonary infections caused by unidentified organisms were encountered. In these

(28) AXERSEE #H51% HTE
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cases, rapid favorable response to the infection to empiric antimicrobial therapy was obtained. This fact
suggests that these episodes were bacterial infections. Seven (54%) of 13 such episodes occurred more than
1 year after transplantation, which is similar to the experience in the previous report?.

Other well-known opportunistic infectious organisms such as Legionella pneumophilia, Cryptococcus
neoformans, Nocardia asteroides, and Mycobacterium tuberculosis were not identified in this study. Overall,
the frequency and the mortality of pulmonary infections were remarkably low compared to the experience
before cyclosporine immunosuppression. The interval between transplantation and onset of prieumonia
was similar to the results of the previous reports for each organism with the exception of aspergillosis,
which occurred 4 months later than in previous reports.

Radiologic Findings

Pulmonary infection in an immunosuppressed host generally has one of four radiographic patterns:
interstitial prominence or opacities, as in CMV or P. carinii pneumonia; patchy segmental or subsegrnental
opacities, or lobar consolidation as in bacterial infection; a focal nodule or nodules, sometimes cavitary, as
in fungal infection or septic emboli; multiple patchy and confluent opacities, as in HSV or Varicella-Zoster
viral infection?®,

Interstitial prominence or opacities were the most common pattern in this series, including all episodes
of CMV and P. carinii pneumonia, and an H. flu infection. “Interstitial prominence” means diffuse
interstitial opacities in this study. Four episodes of non-specific (presumed bacterial) infection showed the
pattern of intestitial opacities. The diffuse interstitial prominence as seen in Case 1 is a common pattern of
CMYV pneumonitis and uncommon in P. carinii pneumonia. Radiologists must be attuned to the subtlety of
the interstitial change that may occur with CMV pneumonitis in a cardiac trasnplant patient. On the other
hand, rapid progression of air space shadowing beginning with an interstitial pattern is common in P.
carinit pnuemonia and uncommon in CMV pneumonitis??9., In the present two episodes of P. carinii
pneumonia, both were mixed with CMV infection, but radiographic patterns were most consistent with P.
carinii pneumonia. Ps. aeruginosa was also detected in the mixed infections with P. carinii and CMV but
lobar or segmental consolidation, a characteristic radiograph pattern for Ps. aeruginosa®®?® was not
observed.

One episode of H. flu and four non-specific infections with interstitial opacities pattern in either or
both basal lungs were initially suspected to represent CMV pneumonitis radiographically because
interstitial changes of a CMV pneumonitis typically begins in the bases. However, results of serological
studies, throat cultures, bronchoalveolar lavage, or transbronchial throat cultures excluded CMV
infection. Empiric antibiotic therapy cleared the disease rapidly and also suggested non-CMV infection.
Johnson et al reported!® bacterial pneumonia among 62 episodes of interstitial patterns occurring in
patients who had undergone renal and liver transplantation'¥, We found that a confirmed H. flu bronchitis
in our study resembled initial changes of CMV pneumonitis. The important difference between these
episodes and the episodes of CMV pneumonitis is that three of non-CMV infections with an interstitial
pattern were seen more than 10 months after transplantation, which is unlikely for the CMV pneumonitis
after organ transplantation®12-14),

Focal patchy opacities or consolidation occurred in E. coli and the other non-specific (presumed
bacterial) infections. E. coli pneumonia showed consolidation and pleural effusion leading to empyema.

A case of aspergillus pulmonary infection showed a round opacity, which is one of typical patterns of
aspergillus infection28/29),

Focla pneumonitis is another manifestation of CMV infection. Bronchoalveloar lavage is reported to be
useful for detection of the focal CMV pneumonitis”®), but no focal CMV infection was observed in our
study.

SERU34E 7 A25H (29)



788 Pulmonary infections after cardiac transplantation

The diffuse patchy and confluent opacities pattern occurring in our single case of HSV pneumonitis is
one of the typical radiographical patterns of an HSV infection?¥272%, HSV pneumonia has been described as
more commonly focal than generalized®®. In general, diffuse viral pneumonia is thought to represent a
manifestation of hematogenous dissemination of the virus, whereas focal viral infection in the lung is
thought to represent contiguous spread of infection within the respiratory tract®?,

To summarize the radiographic findings, most episodes of pneumonia presented as expected patterns
for each organism. Newly observed were one episode of H. flu and four by unidentified organisms in which
interstitial opacities in either or both lung bases were identical to those of CMV pneumonitis.
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