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One hundred twenty-five granulocyte transfusions were given concurrently with ampho- 
tericin B to 31 granulocytopenic patients with acute leukemia during a four year period. 
Twenty-six patients had culture-documented, and 5 had presumed fungal infections; 
pulmonary infiltrates were present in 26 patient courses. Eight patients developed pul- 
monary deterioration temporally related to therapy with amphotericin, granulocyte trans- 
fusions, or both. One event occurred following amphotericin alone. Three additional 
reactions occurred in alloimmunized patients with antibodies to human leukocyte anti- 
gens (HLA) who received random donor granulocytes, which may indicate a potential 
mechanism for the pulmonary reactions. Two reactions potentially represent an adverse 
interaction between amphotericin and granulocytes, but these were reversible and were 
not unlike reactions expected with each modality alone. Our data fail to document a 
specific detrimental interaction between granulocyte transfusions and amphotericin be- 
yond the reactions associated with each modality, and the data suggest that other clinical 
factors, particularly infection and alloimmuniration, also contribute to pulmonary de- 
compensation. We nevertheless recommend great care and attention be given to admin- 
istering these modalities in the setting of severely ill patients. 
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INTRODUCTION 

The therapeutic approach to severe infection in neu- 
tropenic patients with hematologic malignancies includes 
a combination of broad-spectrum antibacterial antibiot- 
ics, antifungal therapy with amphotericin B, and, in 
some cases, granulocyte transfusions. An early report 
indicated a clinically detrimental pulmonary interaction 
between granulocyte transfusions and amphotericin B 
therapy in some patients receiving this therapy concur- 
rently [l].  However, subsequent reports have failed to 
confirm the initial report of severe toxicity [2,3]. Wright 
et al. originally reported the combination to be poten- 
tially etiologic in acute pulmonary decompensation in 14 
patients in whom amphotericin was added to a course of 
granulocyte transfusions [l]. This was believed to be 
temporally related to starting amphotericin simulta- 
neously or immediately after the initiation of granulocyte 
transfusions. Dana et al. in a retrospective review failed 
to show such a correlation [2]. In the latter series of 
patients, episodes of respiratory distress could be readily 

explained by other clinical circumstances such as fluid 
overload, progressive infection, or alloimmunization. Of 
five patients in that series with possibly unexplained res- 
piratory decompensation, two died and at autopsy had 
extensive fungal pneumonia, including vascular thrombi 
from Aspergillus sp., which clearly explained the clinical 
features [2]. The other three patients improved with re- 
covery of their marrow and treatment of their infection. 
DeGregorio et al. described pulmonary decompensation 
occurring in patients receiving both amphotericin and 
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granulocyte transfusions, as well as patients receiving 
amphotericin alone, and patients receiving granulocyte 
transfusions without amphotericin, and suggested that 
sepsis due to gram negative organisms was more con- 
tributory to pulmonary complications than was specifi- 
cally antifungal therapy [3]. 

Isolating one aspect of care as etiologic in pulmonary 
deterioration in this seriously ill patient population is 
difficult. Many clinical factors may contribute to pulmo- 
nary failure in this setting. We have reviewed our expe- 
rience with granulocyte transfusion therapy and am- 
photericin administration during infections in a large 
population of granulocytopenic patients with acute leu- 
kemia. These will be described and the reactions to either 
or both agents delineated. 

METHODS 
Patient Population 

The records of patients with acute leukemia treated 
from 1977 through 1981 were reviewed for the admin- 
istration of granulocyte transfusion therapy. All patients 
receiving granulocyte transfusions during this period 
were reviewed, and those patients given both granulo- 
cytes and amphotericin concurrently are reported. 

All evaluable patients received a course of granulocyte 
transfusions representing four or more consecutive daily 
granulocyte transfusions. The temporal relationship be- 
tween granulocyte transfusion and amphotericin admin- 
istration was evaluated, and the duration of each recorded 
and correlated with reactions and/or pulmonary events. 

Infections 
Microbiology records were reviewed to document bac- 

terial and fungal infections. Patients were considered 
infected who had microbiologically or clinically doc- 
umented infections. Patients with a documented bacter- 
emia or fungemia, no evidence of congestive heart failure 
(CHF), and a pulmonary infiltrate prior to granulocyte 
transfusion were considered to have pneumonia. Tran- 
stracheal aspirations to obtain diagnostic specimens of 
causative organisms were attempted whenever possible. 
Patients with invasive fungal mucositis and new pulmo- 
nary infiltrates were considered likely to have pneumonia, 
but are counted as soft tissue infections. Additional neu- 
tropenic patients were treated with broad-spectrum anti- 
biotics including amphotericin for clinically suspected 
infections in the setting of fever and neutropenia. 

Granulocyte Transfusions 

Granulocytes usually were obtained through mechan- 
ical cytopheresis using either the Haemonetics model 30 
[4] or the IBM 2997 1.51 cell separators. Gravity leuko- 
pheresis was performed in some donors 161. Donors were 

ABO-matched adults who were entirely healthy. To op- 
timize granulocyte yield, donors were premedicated with 
dexamethasone, 8 mg orally, the night before donation 
and 10 mg intravenously immediately prior to donation 
171. Six percent hydroxyethyl starch was utilized to sed- 
iment erythrocytes during the procedure [8,9]. The me- 
dian granulocyte yield was 2.5 X 10" granulocytes per 
procedure. Transfusions were administered over 2-3 hr 
(1 hr per 10" granulocytes) and recipients were premed- 
icated with acetaminophen and diphenhydramine. 

All granulocyte transfusions were prepared on-site the 
day of transfusion. Only single-donor granulocyte trans- 
fusions were given; no patients received buffy coat prep- 
arations. 

Alloimmunization and Crossmatching 

All transfusions were ABO compatible. Granulocyte- 
specific cross-matching was not routinely done, how- 
ever, because of difficulty in interpretation of results 
[lo, 1 I]. Lymphocytotoxic antibody was monitored in 
patients receiving platelet transfusions, and patients were 
considered alloimmunized to HLA if they were unre- 
sponsive to random donor platelet transfusion, responded 
to HLA-matched platelet transfusion, and manifested 
lymphocytotoxic antibody to HLA in greater than 70% of 
a panel of lymphocytes 1 121. In the course of this review, 
it was noted that some alloimmunized patients did re- 
ceive non-HLA-matched granulocytes, since transfusion 
preceded more recent data regarding the negative aspects 
of this approach 1 13-16]. 

Amphotericin B Therapy 
Amphotericin was administered in rapidly increasing 

doses to a maximum of 0.6 mg/kg/day in 500 ml of 5% 
dextrose, given daily over 4-6 hr. Patients were premed- 
icated with acetaminophen and diphenhydramine and 
rarely corticosteroids. 

Pulmonary Events 

Pulmonary events are defined as follows: 

1. 

2. 

3. 

4. 

Pulmonary reactions. Acute pulmonary toxicity with 
dyspnea, wheezing, hypoxia, occurring abruptly and 
during or immediately following administration of 
amphotericin B and/or granulocyte transfusions. 
Pulmonary deterioration. Less acute onset of im- 
paired pulmonary function with progressive dyspnea, 
hypoxia, occurring after completion of the infusion of 
amphotericin or granulocytes. 
Pulmonary infiltrate. Radiographic evidence of infil- 
trate that may or may not coincide with clinical symp- 
toms. 
Pulmonary infection. Pulmonary symptoms associ- 
ated with infiltrate and/or documented infectious or 
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ganism, unrelated to other causes, such as fluid over- 
load, granulocyte transfusion, or amphotericin. This 
was documented microbiologically pre- or postmor- 
tem. 

Patient Management 
Patients were begun on amphotericin therapy for doc- 

umented fungal infection or for prolonged fever or new 
pulmonary infiltrate while receiving broad-spectrum an- 
tibacterial antibiotics. Granulocyte transfusions were be- 
gun based on clinical indications either before or after 
amphotericin was initiated. Clinical indications included 
poor response to either broad-spectrum antibiotics or to 
antifungal therapy. 

RESULTS 
Patient Courses 

Thirty-one granulocyte transfusion courses, consisting 
of 125 individual transfusions, were given concurrently 
with amphotericin during the observation period to 30 
patients (1 patient received two courses during two dif- 
ferent periods of neutropenia). The median age of these 
patients was 38 years with a range of 16 to 62 years. 
There were 15 females and 15 males. Twenty-seven pa- 
tients had acute nonlymphocytic leukemia and 3 patients 
had acute lymphocytic leukemia. All patients had gran- 
ulocyte counts of less than 5OO/pl during administration 
of granulocyte transfusions. 

Infections 
Sites of initial bacterial infections included bacteremia 

(24 patients), soft tissue infections (7 patients), and doc- 
umented pneumonia (12 patients). Infecting organisms 
included gram negative species (Escherichia coli, Pseu- 
domonas aeruginosa, Klebsiella pneumoniae) (bacter- 
emia in 12 patients), and gram positive species (prima- 
rily Staph aureus and Staph epidermidis) (bacteremia in 
12 patients). Thirty patients received antibiotics for 1-10 
days prior to beginning amphotericin; 1 patient had re- 
current documented Aspergillus sinusitis and was begun 
directly on amphotericin with antibiotics when she de- 
veloped fever. The antibacterial antibiotics used included 
amikacin, cephalothin, nafcillin, moxalactam, vancomy- 
cin, clindamycin, chloramphenicol, gentamicin, cefox- 
itin, and rifampin. Twenty-six evaluable patients had 
documented fungal infections (20 had Candida sp. and 7 
had Aspergillus sp; 1 patient had both), and 5 patients 
had presumed fungal infections based on new fever or 
new pulmonary infiltrate while receiving broad-spectrum 
antibacterial antibiotics. 

Only 5 of 12 patients with gram negative bacteremia 
began amphotericin after (2 patients) or the same day ( 3  
patients) as granulocyte transfusions. None were bac- 

teremic at the time amphotericin was begun, although in 
some patients, granulocyte transfusions were initiated 
during gram negative bacterial infections. None of the 5 
patients demonstrated acute pulmonary decompensation, 
despite evidence that endotoxin may interact with neu- 
trophils and enhance the potential for pulmonary decom- 
pensation [ 171. 

Minor Reactions 
Fever and chills occurred with granulocyte transfu- 

sions in 13 patients, and 7 of these were noted to be 
alloimmunized to platelets with anti-HLA antibodies. 
We subsequently have demonstrated that anti-HLA al- 
loimmunization frequently predicts for alloimmunization 
to antigranulocyte antibodies, and may lead to granulo- 
cyte transfusion reactions; both have been demonstrated 
to lead to sequestration of indium-111-labeled granulo- 
cytes in the lungs [ 13,15,16]. Chills were documented in 
half of the patients receiving amphotericin. Hemoptysis 
was not seen among any of the patients evaluated. 

Pulmonary Infiltrates (Table I )  
Twenty-two of the 31 patients had pre-existing pul- 

monary infiltrates or effusions on chest radiograph prior 
to beginning therapy with granulocyte transfusions in the 
setting of documented bacteremia. Four patients with 
pulmonary infiltrates had pulmonary Candida sp. docu- 
mented by transtracheal aspiration, bronchial washing, 
or at postmortem. Six patients with pulmonary infiltrates 
had documented nasal, pleural, or pulmonary Aspergil- 
lus sp. determined pre- or postmortem. An additional 7 
patients had fungemia with a new pulmonary infiltrate 
and were presumed to have fungal pneumonia, although 
they are counted as fungemia only. An additional 4 pa- 
tients with infiltrates were felt to represent progressive 
infection in patients receiving antibacterial antibiotic 
therapy with or without antifungal therapy. Thus, gran- 
ulocyte transfusion therapy was initiated. 

Of the 22 patients with preexisting pulmonary infil- 
trates, 2 remained stable while receiving granulocyte 
transfusions and subsequently improved. Five infiltrates 
worsened initially with the addition of white blood cell 
transfusions but then improved with continued white 
blood cells and amphotericin therapy. Seven infiltrates 
improved consistently with the addition of granulocyte 
transfusions and amphotericin, and 9 patients had pro- 
gressive clinical deterioration despite but not related to 
white blood cell infusion and amphotericin therapy. Four 
patients developed infiltrates while being treated, only 
one of which subsequently improved. 

Pulmonary Reactions (Table II) 
Eight patients developed acute pulmonary reactions 

severe enough to be noted as rapid clinical deterioration 
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TABLE 1. Patients Receiving Amphotericin B and Granulocytes 

Duration 
Patient Ageisex Infection Initial Rx concurrent (days) Allo Reaction 

CXR 
prioriafter 

1 .(FB) 
2 (MB) 
3 (JB) 
4 (JB) 

5 (CB) 
6 (JC) 

7 (VD) 

8 (HP) 
9 (WS) 
10 (HC) 

I 1  (WRI) 
12 (WRII) 

13 (RF) 
14 (MD) 

15 (BG) 

16 (KK) 

17 (TG) 
18 (LJ) 

19 (CL) 

20 (BM) 
21 (KM) 
22 (PM) 

23 (LM) 

24 (LM) 
25 (FM) 

26 (RN) 

27 (VP) 
28 (EP) 
29 (SS) 

30 (VB) 

31 (JR) 

52iM 
30iF 
50iF 
22iF 

45lF 
38iF 

29iF 

44iM 
60iM 
39iM 

45iM 
45iM 

46iM 
36iF 

38iF 

25iM 

15iF 
25iM 

50iM 

55iF 
55/F 
31iM 

34iM 

32iF 
56iF 

58iM 

21iF 
45iM 
40iM 

37iF 

44iM 

Candidemia 
Candidemia 
Pneumonia 
Pneumonia 
candida, sputum 
Dissem candida 
Candida 

Aspergillus 
lung 

Candida 
Aspergillus sinusilung 
Candida 
pneumonia 
Aspergillus lungisinus 
Candidemia 

Candida mucositis 
Candida 
esophagitis 
Candida 
skinilung ? 
Candida 
mucositis 

Candida skinilung 
Candida 
pneumonia 
New infilt 

Candida mucositis 
New infilt 
Candida 
pneumonia 
Aspergillus 
candidailung 
Candida esophagitis 
Candidemia 

New infilt 

New infilt 
Aspergillus sinusitis 
Candida 
pneumonia 
Aspergillus 
sinusilung 
Candida 
lung 

A-2 d 
A-I d 
A-2 d 
A-5 d 

Concurrent 
G-I d 

A-I d 

(3-1 d 
A-I7 d 
A-4 d 

A-2 d 
A-1 d 

A-14 d 
G-5 d 

G-1 d 

Concurrent 

A-5 d 
A-8 d 

Concurrent 

A-3 d 
Concurrent 
G-I d 

Concurrent 

Concurrent 
A-3 d 

Concurrent 

A-32 d 
(3-10 d 
Concurrent 

G-3 d 

G-5 d 

9 
7 
2 
4 

18 
3 

2 

3 
6 

10 

3 
1 

4 
2 

2 

5 

6 
2 

4 

1 
10 
5 

5 

2 
1 

3 

4 
4 
6 

11 

5 

No 
No 
No 
No 

No 
Yes 

Yes 

No 
No 
Yes 

No 
Yes 

No 
No 

No 

No 

No 
No 

Yes 

No 
No 
No 

No 

Yes 
Yes 

Yes 

No 
No 
Yes 

No 

No 

No 
No 
Chills-A 
Chills-A 

Chills-A 
C h i l l s 4  
Chills-A 
Chills-A 
C h i l l s 4  
Dec B P - G  
No 
F e v e r 4  
Pulm rxn 
with G 
Chills-A 
Chills-A 
S O B 4  
Chills-A 
Chills-A 
c h i l M n f i l t 4  
C h i l l s 4  
d y s p n e a 4  
Chills-A 
feverichi1ls-G 
chest t i g h t n e s s 4  
Chills-A 
Chills-A 
SOB-A; before G 
C h i l l s 4  

No 
Chills-A 
Chills-A 
c h i l l s 4  
None 

C h i l l s 4  
Chills-A 
c h i l l s 4  
C h i l l s 4  
SOBispasm 
with A 
C h i l l s 4  
C h i l l s 4  
C h i l l s 4  
F e v e r 4  
No 

SOB-GIA 

Infiltrateisame 
Cleariclear 
Infiltrateiimproved 
Infiltiinciimproved 

Infiltiinciimproved 

Cleariclear 

Infiltrateiimproved 

Cleariclear 
Infiltrateiworsened 
Infiltrateiworsened 
with G 
Infiltrateiimproved 
Clear/infiltrate 

Clear/clear 
Cleariinfiltrateiclear 

Infiltrateiimproved 

Infiltrateicongestive heart failure 

Infiltiinciimproved 
Infiltrateisame 

Infiltrateiincreased 
with G 
Infiltrateiprogressed 
Infiltiinciimproved 
Infiltiinciimproved 

Cleariinfiltrate 
prog infection 
Cleariclear 
Infiltrateiimproved 

Infiltrateiincreased 
with G 

Infiltiprog infection 
Cleariprog infection 
Infiltrateiimproved 

Infiltrateiprogressed 
prog infection 
Infiltrateiprogressed 
uulmonarv infection - 

Initial Rx column describes which modality was begun first, A or G; reaction column describes the clinical reaction and attempts to cite causative agent. 
A, amphotericin; G, granulocyte transfusion; d, days; infilt, infiltrate; prog, progressive; dec, decrease; inc, increase; Rx, treatment; pulm, pulmonary; 
allo, alloimmunized; CXR, chest X-ray; BP, blood pressure; SOB, shortness of breath; dissem, disseminated, rxn, reaction. 
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TABLE II. Pulmonary Reactions in Patients Receiving Granulocyte Transfusions and/or Amphotericin B 

Outcome1 Day of reaction Reaction 
Patient Infection Ampho WBC Type Assessment 

WBC and amphotericin 
31 (JR) Candida-bronch 1" 

progressive pneumonia 
Chills,fever Progressive 
SOB-at beginning deterioration 
of amphotericin due to infection 

5" 

26 (RN) New pulmonary I 1 Fever, chills Alloimmunized 
infiltrate- bronchospasm, probable cause 
presumed fungal WBC before dyspnea-WBCs; WBC rxn 

amphotericin bronchospasm- Amphotericin Rxn 
amphotericin B etiology unclear 

16 (KK) Candida, pulmonary 1 1 WBC-no Rxn; Not allo 
infiltrate amphotericin-chest infiltrate 

WBC before tightness improved 
amphotericin no wheezing no subsequent reactions 

12 (WR) Candida-blood 1 1 Dyspnea 12 hr Allo-last 
after WBC; new cycle 
infiltrate pneumonia 
before amphotericin 

WBC and amphotericin-later in course of therapy-related to WBC 
Became allo 

pharyngitis distress during series 
10 (HC) Candida-bronc h 14 10 Severe resp 

1-112 hr of WBC transfusion 
after WBC #lo; 
cyanosis, rales Diuresis; 
pulm edema improved 

Infiltrate After WBC #3 15 (BG) Candida-bronch 2 3 
pneumonia 

4 (JB) Candida-bronch 6 
infiltrate 

Amphotericin only 
18 (W Candida 

pharyngitis 

fever, chills 
SOB 

improved; allo 
after course of WBCs 

1 Hypotension CHF- 
after WBCs improved with 
dyspnea, inc diuresis 
infiltrate 

Resolved; 2 0 Chills, wheezing, 
bronchospasm cont. amphotericin and 

WBC-no Rxn 

"Entries are days postinitiation of indicated therapy. Rxn, reaction; SOB, shortness of breath; allo, alloimmunization; CHF, congestive heart failure; resp, 
respiratory; inc, increased. 

with dyspnea and hypoxia, apparently related to therapy. 
Four such reactions occurred early during concurrent 
therapy with amphotericin and granulocyte transfusions, 
and three reactions occurred in the same patient group, 
somewhat later and more likely directly related to gran- 
ulocyte transfusion. One additional reaction occurred 
following amphotericin alone. 

The four serious reactions among the patients receiving 
both granulocytes and amphotericin are the following: 

1. Patient 31 (JR) had pneumonia and developed pro- 
gressive dyspnea and hypoxia with each successive 
day of granulocyte transfusion, although she did not 
have acute reactions during transfusion. This patient 
began amphotericin on the fifth day of granulocyte 
transfusion therapy when Cundidu was documented. 
She developed an acute reaction with chills and cy- 

anosis after the first dose of amphotericin. However, 
at the time of death, 4 days later, the deterioration 
appeared related to progressive pulmonary infection. 

2. Patient 26 (RN) developed a new fever and pulmonary 
infiltrate, and began antifungal therapy. He developed 
fever and bronchospasm following the first of three 
granulocyte transfusions and developed bronchos- 
pasm and dyspnea shortly after starting his first am- 
photericin infusion on the day of his first granulocyte 
transfusion (given after the granulocyte transfusion). 
This patient was later determined to be alloimmunized 
to HLA and the initial reaction may have been im- 
munologic. However, the reaction to amphotericin, 
occurring after the granulocyte transfusion, could have 
been augmented by the presumably sequestered gran- 
ulocytes. However, whether there was "interaction" 
is difficult to interpret. No further reactions to ampho- 
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tericin occurred, despite two subsequent granulocyte 
transfusions that were accompanied by fever and 
chills, but not by respiratory symptoms. 

3 .  Patient 16 (KK) had a documented Candidu soft tis- 
sue infection and a new pulmonary infiltrate. He re- 
ceived granulocytes early in the day without difficulty 
and subsequently developed chest tightness, but no 
wheezing or dyspnea, after amphotericin therapy 
given 3 -4 hr after granulocytes. 

4. Patient 12 (WR II), with documented Cundidemiu 
and a new pulmonary infiltrate, developed severe 
dyspnea 12 hr after his first granulocyte transfusion, 
prior to amphotericin, in this, his second series of 
granulocyte transfusions for infection (he received 
granulocyte transfusions during a previous remission 
induction several months before). He had become al- 
loimmunized as a result of the previous transfusions 
and had strongly positive lymphocytotoxic antibody 
at the start of this series of transfusions. He reacted 
with dyspnea to the first granulocyte transfusion of 
the second series prior to receiving amphotericin, and 
this was clearly an immunologically mediated pulmo- 
nary event. He subsequently received amphotericin, 
without granulocytes, without difficulty. 

Three additional acute pulmonary reactions occurred 
in patients receiving granulocyte transfusions and am- 
photericin B therapy, but these occurred later in the 
course of amphotericin therapy, not at the initiation, with 
amphotericin preceding granulocytes in two of the three. 
Two patients 10 (HC) and 15 (BG), experienced fever 
and dyspnea near the end of a series of granulocyte trans- 
fusions (day 10 and day 3 ,  respectively), directly follow- 
ing administration of granulocytes and this was believed 
in retrospect to be immunologically mediated. Both 
patients manifested strongly positive lymphocytotoxic 
(anti-HLA) antibody. A third patient, 4 (JB), developed 
acute respiratory distress following her initial granulo- 
cyte transfusion after having received 6 days of ampho- 
tericin therapy. She had had progressive weight gain and 
her chest radiograph and clinical picture were felt to be 
consistent with congestive failure, which was exacer- 
bated by receiving granulocyte transfusions and which 
responded to diuretic therapy. 

Finally, patient 18 (LJ), who received amphotericin 
alone, prior to any administration of granulocyte trans- 
fusions, developed bronchospasm and dyspnea immedi- 
ately following amphotericin infusion. 

In summary, there were eight serious pulmonary re- 
actions; none was lethal. One each was directly related to 
single modality therapy and six occurred during concur- 
rent amphotericin and granulocyte transfusions. Three of 
these occurred directly after granulocytes but in the course 
of concurrent therapy; two of the three were very likely 

immunologic in origin, and one appeared due to fluid 
overload, responding to diuresis. One patient died of 
infection after progressive pulmonary decompensation, 
probably not therapy-related. Two other reactions (pa- 
tients 16 and 26) were early in the course of concurrent 
therapy with circumstances similar to those reported by 
Wright et al. [l] and may represent adverse interactions. 

DISCUSSION 
The rationale for postulating a negative interaction be- 

tween granulocytes and amphotericin is derived from in 
vitro data demonstrating that amphotericin can interact 
with human polymorphonuclear cells that have been pre- 
incubated with nylon wool fibers [18]. Boxer et al. have 
demonstrated that such cells, when exposed to nylon 
wool fibers, will aggregate in response to concentrations 
as low as 1.25 mg/ml of amphotericin [ 181. Serum from 
a patient containing amphotericin also aggregated gran- 
ulocytes exposed to nylon wool fibers, but not control 
cells. The conclusion from this study was that ampho- 
tericin, at concentrations achievable in vivo, enhanced 
the aggregation of polymorphonuclear cells previously 
damaged by incubation with nylon fibers [18]. This is 
not directly analogous to the clinical situation, however, 
where many other factors must be considered. 

The relevance of this in vitro study is that the early 
technology for granulocyte collection utilized a separa- 
tion technique in which whole blood passed over nylon 
wool fibers and granulocytes were separated first by ad- 
herence and then elution from nylon wool fibers [19]. 
The granulocytes were passed over nylon filters and were 
subsequently hammered off of these filters. It has been 
demonstrated by functional studies that granulocytes pre- 
pared by this technique are partially activated [20-221. 
Such activated granulocytes produce a higher risk for 
clinical reaction with or without amphotericin; indeed, 
patients receiving these cells typically had substantial 
reactions to transfusion [ 19,22,23]. 

However, the technology for granulocytopheresis has 
changed dramatically in the past 10 years, and the ma- 
jority of granulocytes utilized in modern transfusion 
practice are obtained through intermittent [4,5] or con- 
tinuous mechanical centrifugation [5]. In vitro studies of 
granulocytes derived from such centrifugation proce- 
dures have demonstrated that these granulocytes are fully 
functional and, unlike filtration granulocytes, are not 
partially activated [20,22]. Modern granulocyte transfu- 
sion products have less likelihood of the interaction de- 
scribed by Boxer and colleagues [ 181. The patients in the 
reports by both Wright et al. [ l ]  and Dana et al. [21 
received granulocytes obtained primarily by modern cen- 
trifugation techniques, making a conclusion about acti- 
vated cells and adverse interactions with amphotericin B 
in this clinical setting even more difficult to substantiate. 
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Alloimmunization to either granulocyte-specific anti- 
gens or HLA or both is often a factor in reactions to 
granulocyte transfusions including pulmonary infiltrates 
and respirator distress [ 161. At least 4 among the 8 pa- 
tients with pulmonary reactions in this series had docu- 
mented anti-HLA antibodies, which frequently correlates 
with the existence of antineutrophil antibodies [ 13,161, 
with the potential for immunologically mediated pulmo- 
nary reactions. We have previously shown that alloim- 
munized patients often sequester indium-111-labeled 
granulocytes in the lungs and do not mobilize these cells 
to sites of infection [ 13,151. 

From our data, we cannot document a specific detri- 
mental interaction between these two therapeutic modal- 
ities that is additive to the risk of each modality alone in 
patients this seriously ill. Again, the reactions that we 
noted were characteristic of reactions occurring with ei- 
ther modality alone, and were not in a high percentage of 
patients receiving combined amphotericin and granulo- 
cyte transfusion therapy. The reactions that occurred, 
unrelated to progressive infection, did not have an im- 
pact of ultimate survival of the patients. 

Nevertheless, in 3 of 4 patients receiving concurrent 
amphotericin and granulocytes in the temporal relation- 
ship described by Wright et al. [l], acute pulmonary 
reaction did occur. In at least 1 patient (15, BG), possi- 
bly 2 (26, RN) alloimmunization was a complicating 
factor. None of these reactions were of the severity de- 
scribed by Wright et al. [ l ] .  

Our recommendation from this retrospective data is 
that patients who require aggressive intervention for se- 
rious infection must be treated appropriately with such 
intervention. Amphotericin B and granulocyte transfu- 
sions must be used when clinically indicated as long as 
other potential detrimental factors, such as alloimmuni- 
zation, are ruled out. There must be an awareness, how- 
ever, for the potential for adverse reactions related to 
these modalities either alone or in combination, but clin- 
ical awareness should allow one to use them safely. Rec- 
ommendations for safety include attempts to separate 
temporally the administration of amphotericin B and 
granulocytes, by as much as 4-6 hr and with careful 
monitoring throughout both modalities. 
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