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Abstract

Liver regeneration after donor hepactectomy offers a unique insight into the process of liver

regeneration in normal livers. As the liver restores itself, concurrent splenic enlargement occurs.

There are many theories about why this phenomenon takes place: some investigators have

proposed a relative portal hypertension that leads to splenic congestion or, perhaps, the presence

of a common growth factor that induces both the liver and spleen to enlarge. Between the months

of June 2001 and May 2004, 112 live donor liver transplants (LDLTs) were performed in Chang

Gung Memorial Hospital, Kaohsiung, Taiwan. The total number of donor hepatectomies per-

formed during this period was 113, however, because one of the cases required dual donors. Of

our 113 donors, we eventually analyzed the data of 109; 4 patients were lost to follow-up 6 months

later and were excluded from our study. The average age of our donor population was

32.32 ± 8.48 years. The mean liver volume at donation was noted to be 1207.72 ± 219.95 cm3,

and 6 months later, it was 1027.18 ± 202.41 cm3. Expressed as a percentage of the original

volume, the mean liver volume 6 months after hepatectomy was 90.70% ± 12.47% in this series.

For right graft donors, mean liver volume after 6 months was 89.68% ± 12.37% of the original liver

volume, whereas that for left graft donors was 91.99% ± 12.6%. Only 26 of the 109 (23.85%)

donors were able to achieve full regeneration 6 months post-donation. Notably, liver function

profiles of all donors were normal when measured 6 months after operation. The average splenic

volume at donation as measured by computed tomography (CT) volumetry was 159 ± 58 cm3,

and the splenic volume 6 months post-donation was 213 ± 85 cm3. There was a mean increment

in splenic volume of 35% ± 28% 6 months after donation. The blood profiles of the donors were

monitored; particular attention was given to platelet levels and liver function tests, and these were

found to be within normal limits 6 months after operation. Of note, splenic enlargement was

significantly greater among right-sided donors than their left-sided counterparts. Greater splenic

enlargement was also observed in those donors who achieved full liver regeneration at their

evaluation 6 months postoperatively than in those who did not. Although original liver volume was

not re-established in most patients 6 months after liver donation, there seemed to have been no

untoward effects to the donor. The factors that affect liver regeneration are complex and myriad.

Although there is splenic enlargement at 6 months post-donation in donors of LDLT, there are no

untoward effects of this enlargement.

The exceptional ability of the liver to regenerate after

liver resection makes donor hepactectomy in living

donor liver transplants exceptionally unique. This has
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always been a point of great interest to both the

transplant surgeon and the donor involved. The ques-

tion most frequently asked by donors relates to the rate

of liver regeneration that can be expected post-dona-

tion.1

Several authors have studied liver regeneration fol-

lowing hepactectomy, but this has always been in dis-

eased livers, for which the underlying disorder may affect

liver regeneration.2,3 The model that came closest to

studying liver regeneration in normal livers, to date, was

in the field of traumatic liver surgery. However, operations

were conducted in an emergent circumstance, and pa-

tients were unstable and severely ill.4 Living donor hep-

actectomy offers an exclusive insight into liver

regeneration in normal livers, for which much is still

unknown.5–8

In the same way, there have been publications con-

cerning the rate of liver regeneration after living donor

liver transplantation.9,10 Complete and prompt liver

regeneration does occur in both the donor and the re-

cipient. In fact, some studies have suggested that com-

plete liver regeneration occurs within a matter of weeks

after the donation.11 Here, we attempt to delineate liver

regeneration 6 months after donation, and we also try to

ascertain any possible factors that could influence this

process.

It has been well documented that splenic enlarge-

ment occurs in the postoperative period following major

hepatic resection.12,13 The postulations behind this phe-

nomenon include relative portal hypertension causing

splenic congestion and/or an elevation in the levels of a

common growth factor for both the liver and the spleen.14

There have been reports of splenic enlargement leading

to dangerous hypersplenism in the postoperative peri-

od.13 Experimental evidence, however, suggested that

splenic factors suppress liver regeneration after hepac-

tectomy.15–17

Like the liver, the spleen possesses the ability to

regenerate itself, as seen after partial splenectomy and

auto-transplantation after trauma.18,19 Nevertheless,

splenic regeneration is not as efficient as that of the li-

ver.14 The prior publications, however, reported only

abnormal livers for which major hepatectomies were

undertaken. The possibility of underlying disease, such

as cirrhosis, may play an important role in causing splenic

enlargement and thus act as a confounding factor.

Our study involving donor hepatectomies provides an

excellent opportunity to examine splenic changes after

liver resection in the normal liver and their effect on the

donor. We studied the spleen size of all of our donors,

who were to undergo a donor hepatectomy, prior to

donation and 6 months after donation. From the preop-

erative study, we were able to document splenic

enlargement and also to look for factors that could affect

its occurrence.

MATERIALS AND METHODS

Between the months of June 2001 and May 2004, 112

LDLTs were performed in Chang Gung Memorial Hospi-

tal, Kaoshiung Medical Center, Taiwan. There were,

however, a total of 113 donor hepactectomies carried out,

as one of the LDLTs (case 116) was in fact a dual donor.

The processes involved in preoperative evaluation and

donor selection have been described in our earlier pub-

lication.20 Briefly, the preoperative radiological evaluation

of choice in our institution is computed tomographic

angiography (CTA), which investigates liver vasculature,

its volume, and also reveals the presence of any sub-

clinical pathology. Multiple-detector computed tomogra-

phy (CT) machines that allow high-speed, high-resolution

helical scanning and image processing with three-

dimensional multiplanar reconstruction are used to pro-

duce images of superior quality. Computed tomography

volumetry is calculated from 10-mm cut slices, and this

gives an accurate volume with an error of ± 10%. The

splenic volume was also measure at donation and 6

months post-donation.

Regarding anesthetic management and graft procure-

ment methods, we employed the same methods that

have been previously published.21 Worth mentioning

again, though, it is our routine practice to take a sliver of

liver for biopsy during graft harvesting to analyze the level

of fatty change while also looking for the presence of any

incidental microscopic liver parenchymal disease.

Postoperatively, all donors are monitored with a daily

blood profile that includes a complete blood count and a

liver function test. The donors are subsequently dis-

charged when they have completely recovered. They

then undergo a repeat CT volumetry test 6 months later,

together with a blood profile that includes a complete

blood count and liver and renal function test.

Regarding liver regeneration, we looked retrospectively

at the demographics of the donors, and analyzed their

basic epidemiology, intraoperative data, liver volume 6

months after hepactectomy, and blood profiles before

donation and 6 months later. We also looked at the level

of fatty change of the liver at donation to evaluate if there

was any correlation with subsequent liver volume 6

months later.
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The splenic size increment was calculated from the

following formula:

Spleen size ðcm3Þat 6 months�Spleen size at donation

Spleen size at donation
� 100%

We analyzed splenic volume changes against several

factors. These include percentage restoration of liver

volume, fatty change of the liver, type of graft, and donor

gender

Statistical Analysis

All values were expressed as mean ± standard devia-

tion. The t-test was used for comparing right-lobed and

left-lobed graft liver regeneration, as well as for compar-

ison between the sexes. The Kruskal-Wallis test was

used for comparing the groups of donors according to

their level of fatty change.

The t-test was also used to compare data involving

splenic volume, operative parameters, and blood inves-

tigations among the groups of patients. Finally, the t-test

was used for comparing liver and spleen volume before

and after donation. The findings of other statistical tests

are indicated in the respective sections of the Results. In

all cases, a P value < 0.05 was considered significant.

Statistical analyses were performed with the SPSS

computer software (SPSS for Windows, SPSS Inc., Chi-

cago, IL)

RESULTS

Although there were 113 donor hepactectomies, 4 of

them had to be excluded from both analyses, and a fifth

was excluded on the basis of splenic enlargement. Three

donors did not return for follow-up evaluation 6 months

after operation because they were not living in Taiwan;

they underwent postoperative evaluation in their native

countries. The fourth donor who was excluded had only

ultrasound investigation performed, and not CTA, be-

cause he reported a history of allergy to radiological

contrast after the pre-donation investigations. The last

donor, who was excluded for splenic enlargement, had

undergone a splenectomy prior to his donation due to

previous trauma. Consequently, the records of 109 pa-

tients were evaluated for liver regeneration, with a follow-

up rate of 97.2%, and 108 donors were analyzed for

splenic enlargement.

Liver Regeneration

The average age of donors was 32.32 ± 8.48 years.

There were 63 women and 46 men donors. The basic

operative parameters are shown in Table 1.

All donors showed normal liver vasculature with CTA

and had normal blood profiles at their 6-month follow-up.

The average liver volume at donation was

1207.72 ± 219.95 cm3 and the average liver volume 6

months after donation was 1087.18 ± 202.41 cm3. There

was a significant reduction in liver volume overall in do-

nors 6 months post-donation (P < 0.001). Only 26 donors

were able to achieve at least complete liver regeneration

6 months later. Of these 26 donors, 11 were left-lobed

donors and 15 were right-lobed donors.

The overall mean liver volume 6 months after hepa-

tectomy in this series is 90.70% ± 12.47% of the original

liver volume. The liver volume 6 months later for patients

who underwent right-lobed graft procurement was

89.68% ± 12.37% of the original liver volume, whereas

that of the left-lobed grafts was 91.99% ± 12.6%. This

was not statistically significant (P = 0.529).

The mean liver volume at 6 months in female donors

was 89.52% ± 11.24% of their original liver volume at

donation, whereas that of their male counterparts was

92.32% ± 13.9%. This difference was not statistically

significant (P = 0.345).

The 6-month liver volume was also compared be-

tween three groups of patients and were divided

according to the degree of fatty change measured dur-

ing mandatory liver biopsy at donation. Group 1 (n = 75)

comprised donors with no fatty change, group 2 (n = 26)

comprised donors with 5% fatty change, and group 3

(n = 8) comprised donors with 10% fatty change. The

change in mean liver volume postoperatively for groups

1, 2, and 3 was 90.20% ± 11.19%, 93.55% ± 15.09%,

and 86.86% ± 14.58%, respectively. There were no

significant statistical differences found between these

three groups (P = 0.537).

Splenic Enlargement

The average donor age was 32.32 ± 8.48 years with

the average donor body weight being 62.92 ± 12.33 kg.

There were 48 left lobe graft donors and 60 right lobe

graft donors. Among the 108 donors, there were 63 fe-

male and 45 male donors.

Average splenic volume at donation measured by CTA

was noted to be 159 ± 58 cm3, whereas the average

splenic volume 6 months post-donation was 213 ± 85

cm3. There was a statistically significant increment in
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splenic volume in donors 6 months post-donation (P <

0.001) with a mean increment of splenic size of

35% ± 28% at 6 months following donation. The blood

profiles of all 108 patients proved to be normal at this

time; we looked particularly at platelet levels and tests

of liver function. The mean platelet value of donors at

donation was 29/10,000/mm3 (normal range 15–40/

10,000/mm3), whereas at 6 months the mean platelet

value was 31.5/10,000/mm3. There was no statistical

significance difference in platelet levels pre-donation

and 6 months post-donation (P = 0.245). In all donors

the portal vein and splenic vein were patent at the 6

months post-donation CTA. The liver was also normal

and there were no radiological evidence of portal

hypertension.

Splenic Enlargement among Right and Left
Lobe Donors

The mean graft weight obtained in right lobe donors

was 702.3 ± 146.5 g, which was significantly greater (P <

0.0001) as compared to mean graft weight in left lobe

donors, which was 283.1 ± 9 g. The mean increment in

splenic size of right graft donors was 46% ± 27% and that

of left graft donors was 22% ± 24%. Splenic enlargement

is more substantial among right-sided donors as com-

pared to left-sided donors, and this difference was found

to be statistically significant (P < 0.0001). There was also

significantly higher blood loss in right lobe hepatectomies

than left lobe donors. Similarly, the operative time was

much longer in right lobe grafts as compared to left lobe

grafts (Table 1).

Splenic Enlargement in Male and Female Right
and Left Lobe Donors

We compared the splenic enlargement in male right

and left lobe donors to that in female right and left lobe

donors. The mean splenic enlargement among male right

lobe donors (n = 29) was 52% ± 30%, and that among

female right lobe donors (n = 31) was 40% ± 23%. There

was no statistically significant differences between these

two groups of donors (P = 0.245). Splenic enlargement

among male left lobe donors (n = 15) was 18% ± 30%,

whereas that in female left lobe donors (n = 33) it was

24% ± 21%. Again, there was no statistically significant

difference between the two groups (P = 0.345).

Splenic Enlargement in Donors with Full Liver
Regeneration (Group 1) as Compared to Those

with Less than Full Liver Regeneration
(Group 2)

We divided the donors into two groups: group 1

(n = 26), which comprised donors who attained at least

100% of their original liver volume at 6 months, and group

2 (n = 82), which consisted of donors who did not attain

full regeneration. In group 1 there were 12 female donors

and 14 male donors, and in group 2 there were 52 female

donors and 30 male donors. In group 1 there were 15 right

lobe donors and 11 left lobe donors; in group 2 there were

45 right lobe donors and 37 left lobe donors. The mean

increment of splenic volume for group 1 patients was

47% ± 35% and that of group 2 was 32% ± 24 %. This

was statistically significant (P < 0.025), revealing that

splenic enlargement was more marked in donors who

Table 1.
Right lobe graft versus left lobe graft

Parameters Right graft Left graft P Value

Blood loss (ml) 122.58 ± 85.51 83.70 ± 77.27 0.0001
Mean CVP (cm H2O) 8.5 ± 1.75 7.83 ± 1.52 0.085
Duration of operation (min) 867.31 ± 104.24 757.74 ± 131.43 0.0001
Transection time (min) 163.11 ± 36.38 146.03 ± 195.38 0.513
Peak AST (U/l) 332.39 ± 156.22 299.14 ± 160.88 0.277
Peak ALT (U/l) 332.53 ± 176.52 327.20 ± 185.79 0.958
Peak TB mg% 3.68 ± 1.74 1.74 ± 1.01 0.0001
Peak creatinine mg% 0.72 ± 0.19 0.75 ± 0.20 0.545
Complication rate 5% 2.1%
Mean increment in splenic size (%) 46 ± 27 22 ± 24 0.0001
Liver volume 6 months post-donation

(expressed as % of the original liver volume)
90 ± 12 92 ± 13 0.529

CVP: central venous pressure; AST: aspartate aminotransferase; ALT: alanine transferase; TB: total bilirubin.
Significance are highlighted in bold.
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achieved full regeneration 6 months postoperatively. In

terms of complications, in group 1 there was one donor

(LDLT no. 116) who had a biloma that required percuta-

neous drainage and antibiotics. In group 2 there were

three donors who had complications. One donor (LDLT

no. 80) had late intestinal obstruction that resolved with

conservative management. Another donor (LDLT no. 130)

had a bile leak that was treated conservatively. The last

donor (LDLT no 173) in group 2 underwent re-laparotomy

for postoperative bleeding. All three of these patients are

well to date. There were no differences in terms of donor

age, donor body weight, blood loss, peak aspartate ami-

notransferase (AST), alanine aminotransferase (ALT),

and creatinine level between the two groups (Table 2).

Factors Affecting Splenic Enlargement

We assessed the effects of various factors on splenic

enlargement using multiple regression analysis. The vari-

ables considered in the regression analysis included age,

gender, graft weight, side of grafts, and liver volume at-

tained at 6 months post-donation. We found that right side

donors (P < 0.0001) and donors with full liver regeneration

(P < 0.014) also had greater splenic enlargement. There

was no association with the other factors examined.

Correlation between Graft Weight and Liver
Regeneration as well as Splenic Enlargement

Graft weight was correlated with the percentage of

original liver volume attained at 6 months (Spearman

correlation coefficient, r = )0.195, P = 0.038) and per-

centage enlargement of the spleen (r = 0.341,

P = 0.0002).

DISCUSSION

One of the great advantages of living donor liver

transplantation as compared to living related kidney

transplantation is the exclusively unique ability of the liver

to regenerate itself in the donor after hepactectomy.9

Unfortunately, the process of regeneration is a complex

one, and it is still poorly understood. There have been

many studies that analyzed regeneration of the liver after

resection, but these have been done in diseased livers,

and their results cannot be extrapolated to include living

donor hepactectomy.3 The closest human model for the

study of liver regeneration in presumably normal liver is in

liver resection for benign disease.4

Animal models have shown that liver regeneration is

seemingly controlled by vessel endothelial cells. Greene

et al.22 demonstrated that the endothelial cells are in-

volved in the regulation of the regenerating adult liver,

and they suggested that angiogenesis controls the

regenerative process. After partial hepactectomy, mas-

sive hepatocyte proliferation is observed to begin

immediately, peaking at 48 hours postoperatively. Endo-

thelial cells, on the other hand, lag behind, and peak only

4 days after the operation proper.22

In our series, the mean liver volume as measured 6

months after hepatectomy was 90.70% ± 12.47% of the

Table 2.
Group 1 compared to group 2

Parameters
Group 1 (n = 26) (donors with

full liver regeneration at 6 months)
Group 2 (n = 82)(donors with

less than full liver regeneration at 6 months) P Value

Age (years) 30.84 ± 7.19 32.82 ± 8.96 0.188
Sex 14M/12F 30M/52F
Type of graft 15 right lobe/11 left lobe 45 right lobe/37 left lobe
No of donors with steatosis 11 of 26 donors 23 of 82 donors
Body weight (kg) 62.55 ± 12.82 63.08 ± 12.37 0.873
Duration of operation (minutes) 852.23 ± 144.31 816 ± 83 ± 124.76 0.700
Blood loss (ml) 116.35 ± 102.94 99.75 ± 77.01 0.509
Mean CVP 8.27 ± 2.02 8.19 ± 1.58 0.739
Transection time (minutes) 142.88 ± 43.13 160.12 ± 152.43 0.563
Peak AST (U/l) 304.69 ± 130.90 319.38 ± 168.14 0.642
Peak ALT (U/l) 357.35 ± 187.20 319.45 ± 180.43 0.533
Peak TB (U/l) 2.61 ± 1.64 2.82 ± 1.77 0.382
Peak creatinine (mg%) 0.79 ± 0.23 0.76 ± 0.19 0.299
Graft weight (gm) 482.49 ± 244.55 530.16 ± 242.39 0.277
Complications (%) 3.8% 3.7%
Mean increment in splenic size 47% ± 35% 32% ± 24% 0.025

Significant values are highlighted in bold.
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original liver volume. This percentage was significantly

lower when compared to pre-donation volumes overall in

all donors, but this reduction in volume did not lead to

any ill effects; all donors had normal liver function. This

is in accordance with other previously published ser-

ies.1,9,10 However, with a margin of error of ± 10% in CT

volumetry, the volume difference between pre-donation

and 6 months post-donation can reflect this margin of

error rather than a true difference. The difference in the

volume of liver regeneration measured at 6 months be-

tween right-lobed and left-lobed grafts was not statisti-

cally significant. Nakagami et al.1 suggested that the

patterns of liver regeneration after right-lobed graft pro-

curements and left lateral segmentectomies were differ-

ent, with liver regeneration stopping after the liver

achieves some 75%–90% of its original volume. He

suggested that the liver would reach its full regenerative

potential only after at least one month, with some

requiring even up to a year. In another series, the liver

volume measured at one year was 83.3% ± 9% of the

original volume,10 less than in our series. We observed

that although full liver regeneration was not attained with

most donors, the liver functions of these patients re-

mained within normal limits as measured by biochemical

tests. Only 26 donors achieved full (or more) regenera-

tion of their livers 6 months after surgery. There is a

possibility that the liver stops regenerating once there is

sufficient liver mass to cope with metabolism of the

body. Some authors believe that the liver will enter into a

slower pace of regeneration once it reaches an adequate

hepatocyte mass to support normal metabolism.1,6,7,8

Long-term studies would be required to perceive if the

liver volume of all donors could reach original values,

while at the same time investigating the possible pres-

ence of any factors that affect the rate of regeneration.

This would be useful both for candidates involved in liver

donation as well as for patients undergoing other forms

of hepatic surgery.

The difference in liver volume regeneration between

the female and male donors was not found to be statis-

tically significant when measured at 6 months, and we

found this to be curious, knowing that estrogen induces

liver regeneration.23,24 This emphasizes the fact that liver

regeneration is multifactorial in nature, not affected by a

single factor but by many different physiological and

anatomical ones that together, form a web of complex

relationships. There is a correlation between amount of

resected tissue (that is graft weight) and liver volume

attained at 6 months, and this implies that the trigger for

liver regeneration may be the amount of liver tissue re-

moved.

When we analyzed the liver volume between the three

different groups of donors segregated according to their

different levels of fatty change of their livers, we again

found no statistically significant differences. However,

group 3 (10% fatty change) had a slightly lower liver

volume measured at 6 months compared to the average

in the whole series (86.86% versus 90.70%). Although

this was not statistically significant, it should alert us to a

possibility that fatty changes in the liver could impair liver

regeneration. A possible reason for not reaching statisti-

cal significance could be the small sample size (group 3

having only 8 donors). However, the liver volume

achieved by this group was evidently sufficient to support

normal metabolism, as the liver function profiles were

normal and these patient remain clinically well.

It has been noted for a long time that there is splenic

enlargement in patients who undergo liver resection.12,13

Akimaru et al.13 showed that there was splenic enlarge-

ment with resultant hypersplenism after major hepactec-

tomy. This enlargement was most marked in patients with

liver cirrhosis in whom hypersplenism can be detrimental.

It has also been demonstrated that after hepactectomy

the spleen enlarges as the liver regenerates. Ando et al.

showed that the spleen enlarges as much as

155% ± 40% within 14 days after hepactectomy.14 The

conventional wisdom states that the spleen enlarges as a

consequence of relative portal hypertension, and that the

enlargement is simply a reflection of splenic engorge-

ment.25 These studies were performed in patients with

cirrhosis, and the underlying liver parenchymal disease

could in itself affect splenic enlargement.

It has also been assumed that the liver functions,

including regenerative capacity, are remotely controlled

by splanchnic organs, including the spleen.26 In animal

studies, Ueda et al.26 found that transforming growth

factor-beta 1 released from the spleen worked as an

inhibitor of hepatocyte proliferation and that removal of

the spleen enhances liver regeneration during the early

regenerative phase of liver proliferation. In another animal

study, Kaido27 found that there was increased secretion

of hepatocyte growth factor activator inhibitor 1,2 (HAI-

1,2) by the spleen in cirrhotic rats, a substance that may

impair liver regeneration.

Charters et al.28 showed that the uptake of 3H-thymi-

dine in the spleens of rats after a hepactectomy involving

70% of the liver increased markedly, and peaked at 72

hours after hepactectomy. This time course is mirrored

almost exactly in the uptake of thymidine by the hepato-

cytes.20 This observation of increments of DNA synthetic

activity of both the spleen and liver following hepactec-

tomy give great evidence that these organs respond to
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the same growth factors, which may include the likes of

hepatocyte growth factor, epidermal growth factor,

transforming growth factor-a, or perhaps a combination of

these factors.29–31 However, in humans the relationship

between the splenic enlargement post-hepatectomy is

rather complex and controversial. On the one hand, Ando

et al.14 recently, found that the increment in splenic vol-

ume correlated well with the increment in remnant liver

volume and suggested the presence of a common growth

factor. Sato et al.,32 on the other hand, suggested that the

percent increase in liver volume was inversely related to

the spleen volume. Both of the above studies were done

in diseased liver with underlying parenchymal disease.

In this series of healthy donors, we discovered the

following findings:

There is statistical significant splenic enlargement

among healthy donors six month post-donation of liver

The enlargement in patients obtaining full liver regen-

eration was larger than in those who do not attain full liver

regeneration. This was a factor found to be significant in

both univariate analysis and multiple regression analysis.

Also proved with both univariate and multiple regression

analysis, splenic enlargement is most marked in donors

of right lobe grafts and there is no differences between

males and females.

Similiarly, there was a strong correlation between the

amount of resected tissue (graft weight) and the size of

splenic enlargement; again, gender was not a factor.

Although there is splenic enlargement, the platelet level

in the donors before and six months post-donation were

not significantly different.

We found that those donors who achieved complete

regeneration of their original liver volume had a higher

increment of splenic volume than those donors who did

not. This favors the hypothesis that both organs are

stimulated by the same growth factor, and in some do-

nors, this process seems to be more active, leading to

greater enlargement in both the spleen and liver. The liver

and the spleen both belong to the reticuloendothelial

system, and it makes sense that they would respond

similarly to the same growth factors.14

There was a greater increment in splenic size in right

lobe donors as compared to left lobe donors 6 months

post-donation. A possible explanation is that, after right

lobe graft procurement, a smaller liver remnant is left

behind than after left lobe graft procurement. This in turn

will lead to greater relative portal hypertension in right

lobe donors, which may translate to greater splenic con-

gestion and enlargement. Moreover, there was a greater

increment in splenic volume in donors who had donated a

greater hepatic mass (graft weight), another finding that

gives credence to this theory. To prove this relationship,

we have to measure the portal flow (as a reflection of

portal pressure) in donors before and after donation to

see if there is an increment in flow. Unfortunately, we do

not routinely measure the portal flow in these donors

post-donation, so this is something to be considered for

future studies.

When we compared splenic enlargement between male

right lobe and female right lobe donors, there were no

differences; the findings were similar in left lobe donors.

The gender of the donor seems not to have any influence

on the degree of splenic enlargement.

Because this is a retrospective analysis, there could be

other confounding factors not examined in this series.

One possible confounding factor could be the change in

the donor’s body weight before donation and 6 months

after. Unfortunately, we have not recorded the donor’s

body weight 6 months post-donation and so could not

analyze this factor. Nonetheless, the donor’s body weight

at donation seems not to be a factor in either liver volume

or splenic enlargement at 6 months post-donation.

In our series of healthy donors, although there were

increases in splenic volume, they did not result in any

harmful effects. The platelet levels and liver function test

at 6 months were normal, and all donors remain healthy,

with no untoward effects. At the last CTA, all the donors’

portal and splenic vein were patent. Another series re-

ported low platelet levels in some of their donors. Be-

cause the donors remained clinically asymptomatic, the

investigators could offer no explanation for this.19

In conclusion, liver regeneration is a highly complex

process in humans. Many factors play a part in the

physiological regeneration of the liver. We found that in

the great majority of donors the liver did not reach its

original volume within 6 months after donation. In our

series, there were no significant correlations between

type of graft, gender, or level of fatty change in the liver

volume 6 months after transplant. However, there does

seem to be a lower regenerative capacity in donors with

higher fatty changes. Although the liver function tests

have been normal and there are no problems in these

donors, long-term follow-up regarding liver volume may

provide further insight into the long-term effects of

donation.

There is also splenic enlargement in donors of living-

donor liver transplantation 6 months post-donation. This

splenic enlargement, fortunately, has not led to any

deleterious effect to the donors. However, whether the

spleen ultimately regresses to its original size requires

long-term study. Enlargement of the spleen could be due

to splenic engorgement secondary to relative portal

1664 Ibrahim et al.: Liver Regeneration and Splenic Enlargement



hypertension and the presence of a common growth

factor that influences both the spleen and the liver.

Whether splenic enlargement leads to long-term conse-

quences in healthy donors requires further study and

long-term follow-up.
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