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ABSTRACT: Partial splenectomy for Gaucher disease is often followed by reenlargement of the
splenic remnant. It remains unclear if this process is due to tissue regeneration or to continued
deposition of glucocerebroside in the reticuloendothelial system or both.

We compared the splenic architecture before and after reenlargement in three cases of failed repeatec
partial splenectomy after two, six and five years. Using the number of lymphoid follicles per hundred
low power fields (LF/LPF) as an arbitrary index, we found that prior to the first operation 18, 20 and
27 lymphoid follicles were present per one hundred low power fields, while at the second operation, the
corresponding rates were 11, 15 and 17; in control spleens, an average of 712.5 lymphoid follicles were
present in one hundred low power fields. The difference in the LF/LPF ratio before and after
reenlargement, led us to speculate that splenic re-enlargement in Gaucher disease is mainly the resull
of the continued deposition of the glucocerebroside in the reticuloendothelial system of the splenic
remnant, though some degree of true regeneration as well cannot be completely ruled out. These
findings are compared with animal studies and results for partial splenectomy on humans, performed
for trauma. Further studies in patients with Gaucher disease are warranted to better define the
underlying mechanism of splenic reenlargement. © 1998 Academic Press
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INTRODUCTION tomy sepsis and prevent osteoarticular destruction
and the problem of hypersplenism (3,4).
Before enzyme replacement therapy for However, the remaining spleen tends to reenlarge
Gaucher disease with alglucerase (1,2) was after surgery and bone destruction, if present
widely instituted, total splenectomy had been before splenectomy, is not stopped. However,
replaced by partial splenectomy in the belief that because overwhelming postsplenectomy sepsis is
this would prevent overwhelming postsplenec- indeed prevented, this is by itself a sufficient
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reason for contemplating splenic preservation (5- answer this question, we present three failed

7), provided that the remaining splenic mass attempts at repeated partial splenectomy, which

fulfills a normal function. This indication seems provided us with a unique opportunity to examine

to be accurate for other hematologic diseases in the splenic architecture before and after

childhood as well (8,9). reenlargement and to compare the findings to
The reason for the reenlargement of the splenic architecture of normal spleen resected for

splenic remnant after partial splenectomy remains trauma and other Gaucher patient spleens at first

unclear. It may be due to tissue regrowth, resection.

continued deposition of the glucocerebroside in The data are also analyzed in view of earlier

the reticuloendothelial system, or both. To help clinical and experimental findings.

Table 1. Number of Lymphoid Follicles per 100 Low Power Fields in Gaucher Patients

Patient Age at 1st NF/100 LPF at 1st Age at 2nd NF/100 LPF at 2nd

Surgery Surgery Surgery Surgery

I 10 18 12 11

Il 6 20 12 15

1 12 27 17 17

v 11 33

Vv 13 10

VI 15 8
Vil 16 33

Table 2. Number of Lymphoid Follicles/100 Low Power Fields in Control Patients

Patient Age (yrs) NF/100 LPF
I 8 692
I 9 725
1 9 712
v 12 686
\Y 14 736
Vi 16 724
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MATERIALS AND METHODS

Three patients, all the offspring of unrelated
Ashkenazi Jews, presented independently with

Gaucher disease type | at ages 5, 7% and 5 years.

First partial splenectomy was performed at 10, 6
and 12 years of age (patients I, II, lll, Table 1).

In case 1, two years later, total splenectomy
was performed within six hours of repeated
partial splenectomy because of the immediate,
massive reenlargement of the remnant due to
insufficient venous drainage. In case 2, partial
splenectomy was followed by total splenectomy
six years later, when the spleen reached 18 cm
below the costal margin, and no salvageable
remnant could be identified. In case 3, a second
partial splenectomy was contemplated after five
years, when the spleen reached 10 cm below the
costal margin but no splenic vein was detected on
preoperative angiography, and in addition huge
areas of infarction were found at laparotomy.
Size of the splenic masses removed at total
definitive splenectomy was 20 x 17 x 15 cm
(1600 g), 14 x 15 x 6 cm (1100 g), and 26 x 22 X
13 cm (4800 g).

Splenic tissue from four other Gaucher
patients who had undergone splenectomy was

examined. These patients were aged 11, 13, 15

and 16 years (patients IV - VII, Table 1). The
control group consisted of six patients aged 8, 9,
9, 12, 14 and 16 years who had undergone
splenectomy because of trauma (Table 2).

Histologic Study

The available material for this retrospective
study consisted of the original hematoxylin and
eosin, Periodic acid Schiff- stained slides and the
respective paraffin blocks obtained at partial and
total splenectomy. The interval between the two
procedures was two, six and five years in cases
1,2 and 3, respectively.

To define the difference in general pattern
and/or degree of infiltration of the disease, the
number of lymphoid follicles/low power field
(x40) - (LF/LPF) was selected as the arbitrary
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For each specimen, 100 LPF were
We based this method on the
assumption that Gaucher disease affects primarily
the red pulp, while the white pulp is reduced
later, by pressure, and conserves the norme

relationship of its lymphoid components (T and
B cells). To verify this last goimuno-
peroxidase stains with LCA (leukocyte common
antigen, Dako, California, USA), UCHL-1 (Dako,
California, USA) and B (L26, Dako California
USA) were performed. No functional aspects
were investigated because of the nature of the
available material.

RESULTS

The ages and number of follicles per one

hundred low power fields (LF/LPF) are presented
for the three patients as well as patients
undergoing first splenic resection (this incudes
the first operation of our three patients) and the
control grdine spleens of the Gaucher
patients had significantly less lymphoid follicles
compared to the control patients (8 - 33 compared

to 686 - 736, respectively) (Tables 1, 2). There
was no change with age. The second splenic

resection specimens showed an even lower
number of lymphoid follicles per hundred low
power fields examined (Table 1).

DISCUSSION

There is an extensive discussion in the
literature as to whether the remaining spleen after
partial splenectomy undergoes an

abnormal
increase in the number of normal cells in a
normal tissue arrangement (hyperplasia) or a
regeneration or renewal of the lost@igsl)e (
The ability of the spleen to regenerate after
partial splenectomy is controversial. Some
studies have shown hypertrophy of missed

residual splenunculi after total splenectomy for

hematological disorders (12), suggesting the
possibility of regeneration, and experimental

studies hawarfd evidence of regeneration even

in as little as 5% of the spleen maintained on the
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native artery (11). However, functional regenera-
tion after auto-transplantation has not been
proven (13,14).

Partial splenectomy, when performed because
of trauma, is not usually followed by an
enlargement (in size or weight) of the remnant
spleen, as indicated by isotope scanning studies
(20), though this is not true for diseased spleens.
In one extreme case, subtotal splenectomy in a
19-month-old girl with Gaucher disease and
massive splenomegaly (12% of body weight) was
followed only three months later by splenic mass
growth to the pelvic edge (15).

The mechanism of splenic remnant
enlargement in Gaucher disease is unclear. Many
authors have attributed it to glucosylceramide
deposition with or without some degree of true
splenic tissue regeneration. The variable rates of
splenic remnant enlargement, though still not
satisfactorily explained, may be related to
unequal rates of glucosylceramide deposition
resulting from the different enzyme activities in
the different Gaucher disease subtypes (4).
Further long-term follow-ups are needed to
determine if such splenic regrowth is universal or
characteristic of only certain types of enzyme
defects.

To determine the influence of blood flow on
the regenerative capacity of the spleen, Pabst et
al. (16) resected 75% of piglet spleens using three
different techniques. They found that when the
splenic remnant adjacent to the main vessels was
left intact, there was no obvious regrowth after
six months; when the splenic tissue at the smaller
vessels was left, however, an increase in size was
observed, but this may also have been due to the
high number of infarctions noted.

Pouche et al. (17), using a rat model, reported
postsurgical inflammatory changes after 30 days
and an essentially new structure consisting of
lymphoid mantels of contiguous follicles,
hyperplasia of  prepenicillary  lymphoid
micronodules, and expansion of the lymphoid
mantel enveloping ramifications of
centrofollicular arteries, after 90 days. However,
since the functional capacity of this follicular
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morphology was not established, the authors were
unable to conclude if the observed histologic

changes were true regeneration (5-12).

In a more recent work, Hayari et al. (18)
guantified the DNA content and incorporation of
3H-thymidine into the remaining splenic tissue in
rats, as indicators of cellular proliferation. Both
factors showed significant differences from
controls by day 1 (p<0.001), while the calculated
weight gain of the splenic remnant was five fold
greater than that for controls at one week.
However, by three months, all parameters had

returned to control levels, and the authors

concluded that the changes were due to a
postsurgical inflammatory reaction and not
splenic regeneration. Likewise radioisotope
studies in dogs six months after partial
splenectomy also yielded no evidence of
regeneration (19).
Levy et al (20) recently demonstrated better
neovascularization and regeneration  of
autotransplanted splenic chips in dogs which
were treated with an omental angiogenic factor
(OAF) before their implantation in the omentum.
An interesting observation was recently
published by Westerman et al (20) who

investigated whether splenic regenerates in the rat

are re-innervated and whether this depends on the
donor and host age. No innervation of splenic
regenerates was observed after implantation into
old hosts, correlating with poorly develop splenic
compartments. In contrast, almost normal re-
innervation occurred in young hosts, in which,
after the implantation of young tissue, the final
size of splenic regenerates was three times larger
It is noteworthy that the present study was
performed in humans with Gaucher disease type
I, which is characterized by expansion of the red
pulp area and reduced white pulp area (Figures
1,2). We observed enlargement of the remnant
spleens in both weight and size and a change in

the histological picture in general and in

relationship between the red and white pulp areas

in particular. All three patients showed greater

expansion of the red pulp at the second operation
compared with the first one, with preserved
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distribution of the T and B cells in the remaining
lymphatic tissue of both specimens. Apparently,
then, the same mechanism was responsible for
both enlargements; i.e. the Gaucher cells. All
three patients had a significantly lower LF/LPF
index from controls and in all cases this index
was found to be even lower at the second
operation. The results may indicate that after
partial splenectomy, the density of lymphoid
follicles was minor in the “regenerated” spleen, in
which case the infiltration of splenic tissue was
greater than any possible growth of normal
splenic tissue. Had both components of the re-

enlarged spleen, i.e., the splenic tissue and the

infiltrating Gaucher cells, maintained their
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previous growth rate, there would have been no
differences in the LF/LPF index before and after

splenic re-enlargement, while if splenic

enlargement were secondary only to Gaucher cell
infiltration, the LF/LPF index would have been
much lower. Therefore, we suggest that splenic

re-enlargement in Gaucher disease is a combined

process, resulting principally from the continuous
infiltration of gem@broside, but also affected
to some degree by true regeneration.

The observation that the number of lymphoid

follicles in type | Gaucher disease is reduced 30-

90-fold times has not been previously described
and warrants further investigation.

Figure 1. A) Clusters of Gaucher cells expanding the red pulp with nearly total loss of the white pulp (H&E x 27).
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% Figure 2. B) Control case showing well-preserved white pulp.
% | (H&E x 72)
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