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Objective
Immunosuppressive regimens for rejection after heart trans-
plantation have been modified to reduce infectious complica-
tions without diminishing rejection treatment efficacy. A review
of a single institutional series was performed to evaluate the
influence of conservative management of grade 2 rejection on
long-term outcomes after heart transplantation.

Methods
Before 1990, patients with late (>3 months after transplant)
grade 2 rejection were treated with supplemental immuno-
suppressive drugs. Beginning in 1990, patients with late
grade 2 rejection were treated conservatively by maintaining
the current immunosuppressive regimen without additional
therapy. The groups were compared for survival, incidence of
subsequent rejection, and incidence of subsequent infection.

Results
One hundred twelve patients had one or more episodes of
isolated, late grade 2 rejection; 39 (35%) were treated with
supplemental immunosuppression (treated group) and 73
(65%) received no additional therapy (nontreated group). The
mean time from transplantation to the first episode of isolated
grade 2 rejection was 15.6 months in the treated group and
17.8 months in the nontreated group. Graft survival at 5 and

10 years was 69% and 51 %, respectively, in the treated
group and 67% and 41 %, respectively, in the nontreated
group (p = 0.77).
The rates for overall subsequent rejection were 0.031 epi-

sodes/patient-month in the treated group and 0.029 epi-
sodes/patient-month in the nontreated group (p = 0.64). The
rates for early rejection within 6 months of initial grade 2 rejec-
tion were 0.044 episodes/patient-month in the treated group
and 0.035 episodes/patient-month in the nontreated group
(p = 0.56). The rates for overall subsequent infection were
0.018 episodes/patient-month in the treated group and 0.012
episodes/patient-month in the nontreated group (p = 0.05).
The rates for early infection within 6 months of initial grade 2
rejection were 0.070 episodes/patient-month in the treated
group and 0.032 episodes/patient-month in the nontreated
group (p = 0.04). Group comparisons demonstrated a signifi-
cantly lower incidence of infection in the nontreated group.

Conclusions
Conservative management of late grade 2 rejection neither
adversely affects survival nor increases the incidence of sub-
sequent short-term or long-term rejection. This approach low-
ers the early and late incidence of infection after rejection and
may reduce other complications from aggressive supplemen-
tal immunosuppression.

Orthotopic heart transplantation remains the treatment of
choice for end-stage cardiac failure, and long-term out-
comes over the past several years have consistently im-
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proved. Modification of immunosuppressive regimens has
played a central role in reducing the severity of rejection
and infection, the major causes of death after cardiac trans-
plantation.

Rejection documented on endomyocardial biopsy to be
greater than or equal to grade 3A, defined by the Interna-
tional Society of Heart and Lung Transplantation (ISHLT)
as multifocal moderate rejection,' is usually treated with
supplemental immunosuppression. Biopsies with scores

equal to or less than ISHLT grade iB, defined as diffuse,
395
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mild acute rejection, do not typically require additional
therapy. Radovancevic and others2 raised the issue of how
to manage patients with focal moderate rejection, particu-
larly in those individuals without evidence of clinical graft
dysfunction. In addition, various grading mechanisms for
rejection on endomyocardial biopsy prompted the standard-
ization of the ISHLT grading system, which stratified grades
1B, 2, and 3A to assist the clinician in the treatment of
moderate acute rejection and to allow comparison of data
between transplant programs.3

Repeated episodes of rejection and infection affect long-
term survival of the patients who received grafts and trans-
plants. Alteration of any immunosuppressive regimen must
maintain efficacy in treating rejection without increasing
infectious complications. This study was conducted to eval-
uate the influence of conservative management of ISHLT
grade 2 focal, moderate rejection on long-term outcomes
after heart transplantation.

METHODS
Database Review
A retrospective review was performed of the Johns Hop-

kins Cardiac Surgery Transplantation Database. This data-
base records and houses prospective data on all patients
undergoing cardiac transplantation at The Johns Hopkins
Hospital. Patient information was gathered beginning with
the first transplant in July 1983 and concluding in July 1997.
Each of the 258 patient records was reviewed for endomyo-
cardial biopsy data and episodes of rejection and infection.
The date of the first episode of grade 2 rejection (Interna-
tional Society of Heart and Lung Transplantation) occurring
more than 3 months after transplantation as documented by
endomyocardial biopsy was noted. The number of subse-
quent rejection episodes (grade 2 or higher), subsequent
severe rejection episodes (grade 3 or higher), and subse-
quent infection episodes were recorded for each patient.
Subtotals for the number of subsequent rejection and infec-
tion episodes occurring within 6 months of the initial grade
2 rejection episode also were recorded for each patient.

Patients were excluded from analysis if they had never

had an episode of grade 2 rejection identified by endomyo-
cardial biopsy during follow-up. Several patients were were

excluded from analysis who had not had any episode of
rejection, as were several early patients who had no avail-
able biopsy data. Patients in whom all grade 2 rejection
episodes occurred within 3 months of transplantation were

also excluded from analysis. After applying these strict
exclusion parameters to assess the long-term incidence of
grade 2 rejection and subsequent events, 112 patients met
the study criteria. These patients were divided into two
groups according to treatment strategy for the initial episode
of grade 2 rejection; 39 (35%) patients underwent supple-
mental immunosuppression (treated group), and 73 (65%)
patients were managed conservatively without additional
therapy (nontreated group).

Table 1. INDICATIONS FOR
TRANSPLANTATION

Treated Group Nontreated Group
n = 39 (%) n = 73 (%)

Coronary artery disease 21 (54) 34 (47)
Primary 18 (46) 29 (40)
Graft (retransplantation) 3 (8) 5 (7)

Cardiomyopathy 16 (41) 34 (47)
Dilated 12 (31) 23 (32)
Hypertrophic 2 (5) 4 (5)
Familial 1 (2)
Postpartum - 1 (1)
Idiopathic 1 (2) 6 (8)

Congenital heart disease 1 (2) 2 (3)
Myocarditis - 2 (3)
Rheumatic heart disease 1 (2)
Hemochromatosis - 1 (1)

Patient Demographics
There were 30 men and 9 women in the treated group,

and 55 men and 18 women in the nontreated group. Mean
patient age at the time of transplantation was 47.7 years in
the treated group and 47.2 years in the nontreated group
(p = 0.91). The most common indications for transplanta-
tion in either group were coronary artery disease and dilated
cardiomyopathy. A summary of the indications for trans-
plantation according to treatment group is listed in Table 1.
Fisher's exact test analysis of the groups did not demon-
strate a statistically significant difference according to indi-
cation for transplantation (p = 0.60).

Treatment of Grade 2 Rejection
Patients diagnosed with grade 2 rejection on endomyo-

cardial biopsy before 1990 were treated with supplemental
immunosuppression, most commonly pulse therapy with
methylprednisolone or OKT3. Beginning in 1990, a conser-
vative approach was initiated for grade 2 rejection, in which
patients were maintained on their current immunosuppres-
sive regimen without additional therapy. Patients who ini-
tially had grade 2 rejection, which progressed to more
severe rejection on subsequent endomyocardial biopsy,
were given supplemental immunosuppression as indicated
by clinical signs and symptoms of congestive heart failure.

Statistical Analysis
The two patient groups (treated versus nontreated) were

compared for actuarial patient survival, graft survival, and
freedom from graft coronary atherosclerosis at 5 and 10
years by Kaplan-Meier methods. Rates of subsequent rejec-
tion, subsequent severe rejection (grade 3 or higher), and
subsequent infection were determined for the treated group
and the nontreated group, respectively. Rates for subsequent
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Table 2. CAUSE OF DEATH AFTER
GRADE 2 REJECTION

Treated Group Nontreated Group
n = 17 (%) n = 14(%)

Rejection 2 (12) -

Infection 2 (12) 3 (21)
Graft coronary artery disease 8 (47) 5 (36)
Neoplasm 1 (6) 3 (21)
Diffuse alveolar damage 1 (6) -

Sudden death 2 (12) 2 (14)
Renal failure 1 (6) -

Multisystem organ failure - 1 (7)

early (within 6 months of initial grade 2 rejection) rejection,
early severe rejection (grade 3 or higher), and early infec-
tion also were determined for each group. These rates (in
episodes per patient-month) were then compared between
the treated group and the nontreated group using the inci-
dence-rate test.

RESULTS
The first patient included in the series underwent trans-

plantation in September 1983, and the final patient included
in the series underwent transplantation in November 1996.
Kaplan-Meier analysis for patient survival at 5 and 10 years

in the treated group was 74% and 55%, respectively. In the
nontreated group, patient survival at 5 and 10 years was

69% and 47%, respectively. These differences were not
statistically significant (p = 0.84). The cause of death
according to treatment group is summarized in Table 2.

Kaplan-Meier analysis for graft survival at 5 and 10 years

in the treated group was 69% and 51%, respectively. In the
nontreated group, graft survival at 5 and 10 years was 67%
and 47%, respectively. These differences were not statisti-
cally significant (p = 0.77). Kaplan-Meier analysis for
freedom from graft coronary atherosclerosis at 5 years was

53% in the treated group and 57% in the nontreated group.

This difference was not statistically significant (p = 0.63).
The length of follow-up after the initial episode of grade

2 rejection was 602.4 patient-years; total follow-up was

286.1 patient-years in the treated group, and 316.3 patient

years in the nontreated group. The mean time from trans-
plantation to the initial episode of grade 2 rejection was 15.6
months in the treated group (range, 2.3-77.5 months). The
mean time from transplantation to the initial episode of
grade 2 rejection was 17.8 months in the nontreated group

(range, 3.3-55.9 months). A total of 5264 biopsies were

reviewed from the entire database of 258 patients; 2708
biopsies were performed in the study population of 112
patients. A total of 1164 biopsies were performed in the
treated group and 1544 biopsies were performed in the
nontreated group.

There were 105 subsequent episodes of rejection in the
treated group and 109 subsequent episodes in the nontreated
group after the initial grade 2 episode. There were 10
episodes of rejection in the treated group and 15 episodes in
the nontreated group within 6 months of the initial episode
of grade 2 rejection. There were 33 subsequent episodes of
severe rejection (grade 3 or higher) in the treated group and
54 subsequent episodes in the nontreated group. There was

one subsequent episode of severe rejection in the treated
group and two subsequent episodes in the nontreated group

within 6 months of the initial episode of grade 2 rejection.
Rates of overall subsequent rejection, rejection within 6
months, severe rejection, and severe rejection within 6
months are summarized in Table 3. Comparison for any of
these events using the incidence-rate test did not demon-
strate a statistically significant difference in rejection rates
between the groups.

There were 60 episodes of infection in the treated group

and 45 episodes in the nontreated group after the initial
episode of grade 2 rejection. There were 16 episodes of
infection in the treated group and 14 episodes in the non-

treated group within 6 months of the initial episode of grade
2 rejection. Rates of overall subsequent infection and infec-
tion within 6 months are summarized in Table 4. Compar-
ison between the groups using the incidence-rate test dem-
onstrated a significantly lower incidence of overall
subsequent infection and infection within 6 months in the
nontreated group.

A summary of subsequent infection episodes according to
causative organism is listed in Table 5. Overall, viral and
bacterial infections predominated in the treated group and
the nontreated group. A similar pattern was noted among

Table 3. INCIDENCE OF SUBSEQUENT REJECTION

Overall Within 6 Months Severe Within 6 Months

n Rate* n Rate* n Rate n Rate*

Treated group 105 0.031 10 0.044 33 0.01 1 0.004
Nontreated group 109 0.029 15 0.035 54 0.01 2 0.005
p value 0.64 0.56 0.07 1.00

* All rates reported as episodes/patient month.
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Table 4. INCIDENCE OF SUBSEQUENT
INFECTION

Within 6
Overall Months

n Rate* n Rate*

Treated group 60 0.018 16 0.070
Nontreated group 45 0.012 14 0.032
p value 0.05 0.04

* All rates reported as episodes/patient month.

infection episodes occurring within 6 months of the initial
episode of grade 2 rejection. Only five patients (total of 31
deaths) died as a result of infectious complications, two in
the treated group and three in the nontreated group (p =

1.00). Both of the patients in the treated group died from
infection within 6 months of the initial episode of grade 2
rejection. In contrast, all three patients in the nontreated
group died more than 1 year after the initial episode of grade
2 rejection.

DISCUSSION
This study was conducted to evaluate the influence of

conservative management of ISHLT grade 2 rejection on

the long-term outcomes of survival, rejection, and infection
after heart transplantation. The data are particularly encour-

aging in that there were no significant differences in patient
or graft survival between the treated group and the non-

treated group. This is consistent with the series reported by
Hutter and associates4 in which there was no increase in
mortality among patients treated conservatively for moder-
ate rejection. In contrast, Anguita and associates5 noted a

higher mortality rate in patients with a pattern of repeated
grade 1B or 2 rejection; these patients did not receive
supplemental immunosuppression in the absence of graft
dysfunction. However, survival data for that series extended
only to 3 years and probably reflects the early portion of the
hazard function for rejection and mortality after heart trans-
plantation.
Most investigators agree that rejection episodes are more

frequent and more severe during the first 6 months after
heart transplantation, and these episodes become less com-

mon as the time from operation increases. Spratt et al.6
reported that only 2.5% of all endomyocardial biopsies
more than 9 months after transplantation demonstrated re-

jection; all of these were of the moderate variety. Although
moderate episodes of rejection may be less frequent in late
follow-up, there has been some concern that these episodes
may progress to more severe rejection. Brunner-La Rocca et
al.7 demonstrated that up to 20% of patients with grade 2
rejection will progress to a more severe form on rebiopsy at

7 to 10 days and have suggested that this may contribute to

impaired long-term graft function and overall survival. El-
Gamul et al.8 noted that nearly 90% of grade 2 rejection
occurring within 6 months of transplantation progressed to
grade 3A rejection, as compared with 4% of late grade 2
episodes. Others have reported far smaller rates of progres-

sion. Winters et al.9 demonstrated that approximately 85%
of episodes of focal moderate rejection resolve spontane-
ously. Gleeson et al.10 noted that more than 80% of such
episodes occurring more than 1 year after transplantation
cleared within 4 weeks of biopsy, and Lloveras et al."'
reported that more than 80% of patients have only minimal
or mild rejection on subsequent biopsy.

In our series, there was no statistically significant differ-
ence in the incidence of subsequent severe rejection be-
tween the groups, although there was a trend toward a

slightly higher incidence in the nontreated group. This con-

trasts with the data reported by Anguita et al.,S who noted a

22% incidence of late severe rejection in patients with a

pattern of repeated grade lB or 2 rejections versus a 4%
incidence in patients with a pattern of only grade 1A or lB
rejections. Nakhleh et al.12 reported that endomyocardial
biopsy may underestimate the degree of rejection, with up to
87% of biopsy specimens scored as grade 2 showing a lower
grade of rejection when compared with the entire heart on

autopsy. These observations may have some bearing on the
utility of repeat biopsy during conservative management of
patients with grade 2 rejection, because additional biopsies
may reveal either progression of moderate rejection or doc-
umentation of more aggressive rejection not previously
identified.

Conservative management of grade 2 rejection is partic-
ularly appealing when viewed in the context of endomyo-
cardial biopsy. Many of these episodes are discovered on

surveillance biopsy, and the patient has no evidence of
clinical graft dysfunction. The spectrum of moderate rejec-

tion is somewhat controversial, and there is considerable
difficulty in consistently identifying grade 2 rejection. Win-
ters and McManus13 assessed uniformity in interpretation of
endomyocardial biopsies; more than 80% of discrepancies
involved differentiating grade 2 lesions from grades 1A, 1B,

Table 5. CAUSES OF INFECTION AFTER
GRADE 2 REJECTION

Treated Group Nontreated Group

Within 6 Within 6
Overall Months Overall Months

Bacterial 26 9 11 6
Viral 13 3 15 5
Fungal 3 1 3 0
Protozoal 2 0 0 0
Mycobacterial 1 0 0 3
Unknown 15 3 16 0

Total 60 16 45 14
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3A, and Quilty lesions. Other investigators reported discrep-
ancy rates ranging from 10% to 20% and have noted the
contribution of Quilty lesions, in particular, to these dis-
crepancies.14-18 Such variation in the accurate diagnosis of
focal, moderate rejection strengthens the argument for a
conservative approach to grade 2 rejection, reserving sup-
plemental immunosuppression for patients with docu-
mented severe rejection or with clinical graft dysfunction.
A distinct advantage to the conservative approach to

grade 2 rejection is the reduced infection rates that can be
attributed to a less aggressive immunosuppression regimen.
Supplemental immunosuppression can be associated with a
related increase in short-term infection rates, and it is well-
known that infection is one of the major risk factors for
mortality. In the current patients, the early infection rate
(within 6 months of initial grade 2 rejection episode) was
reduced by 54% in the nontreated group (0.032 episodes/
patient-month) compared with the treated group (0.070 ep-
isodes/patient-month). Long-term infection rates also were
significantly lower in the nontreated group, although this
difference was not as pronounced. A similarly low inci-
dence in infection in patients more than 1 year after trans-
plantation was demonstrated by Hutter and associates;4
none of the infectious episodes in that series was associated
with a treated rejection episode or resulted in mortality. It is
of particular interest in this series of patients that both
patient deaths from infection in the treated group occurred
within 6 months of treatment of the initial episode of grade
2 rejection. The three patient deaths from infection in the
nontreated group occurred at 13 months, 30 months, and 37
months after the initial episode of grade 2 rejection.

In conclusion, conservative management of late grade 2
rejection after heart transplantation in this series of patients
was not associated with an increase in the incidence of
subsequent rejection. Neither early rejection rates (within 6
months of initial grade 2 episode) nor subsequent severe
rejection rates were significantly increased by this approach.
The incidence of subsequent early infection and overall
infection was significantly lower when supplemental immu-
nosuppression was not used for treatment of focal moderate
rejection. Finally, conservative management of grade 2 re-
jection does not adversely affect long-term survival after
heart transplantation. Unless late grade 2 rejection is asso-
ciated with clinical signs of heart failure, appropriate man-
agement should be observation with subsequent biopsy at 7
to 10 days.
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Discussion

DR. ROBERT M. MENTZER, JR. (Lexington, Kentucky): This study
validates the clinical suspicion that lesser grades of acute cellular
rejection have natural histories that may, in fact, be more benign
than originally anticipated. Certainly, over-treatment of acute re-

jections carries the penalty of serious infectious complications, as
documented in this review. Interestingly, the authors report a
significant reduction in both early and late infections that was


