
Abstract. Background: Since its introduction in the early
1990s, laparoscopic splenectomy (LS) has gained worldwide
acceptance for spleen removal, especially in hematological
patients. Aim: The present review summarizes the current
knowledge and results of LS for the treatment of benign
hematological diseases in adults. Materials and Methods: A
MEDLINE/PubMed database research was performed using
the terms: “laparoscopic splenectomy” OR “laparoscopy” OR
“splenectomy” AND “hematological disorders” OR
“hematological disease” OR “hematology” AND “adults” as
key words. We set our analysis starting date as January 1st
2010 and the end date as December 31st 2016. We identified
247 relative articles. All the references from the identified
articles were searched for relevant information. Results:
Twenty-seven articles were deemed appropriate for our
analysis. LS was found to be feasible and safe in the majority
of patients with benign hematological disorders, with a
mortality rate ranging from 0% to less than 4% and the
postoperative complications rate from 0% to 35.7%. The
conversion rate was also very low (4%) and response
(complete or partial) was achieved in more than 80% of
patients. Lateral approach with four trocars was the most
commonly used approach with concommitant cholecystectomy
being correlated with increased operative time and morbidity.
Conclusion: Current literature holds that whenever

splenectomy is required for the treatment of hematological
disorders in adults, a laparoscopic approach should be offered
as the gold standard. However, to strengthen the clinical
evidence in favor of LS, more high-quality clinical trials on
several issues of the procedure are necessary.

Since its introduction in 1991 (1), laparoscopic splenectomy
(LS) has gained worldwide acceptance for surgical removal
of the spleen in patients with hematological diseases. It has
been reported that the method can be performed safely and
effectively, with low rates of mortality and morbidity,
reducing postoperative pain and offering a superior cosmetic
appearance compared to open splenectomy (OS) (2, 3).
However, the advantages of the laparoscopic method were
not stated sufficiently and randomized clinical trials to
evaluate the role and efficacy of the approach are mandatory.
Setting the article of Mikhael et al. (4) as the baseline of our
analysis, we reviewed all emerging literature on the subject
of LS in hematological diseases in adults evaluating its
feasibility, efficacy and surgical details, as well as morbidity
and mortality rates in an attempt to answer all current
debates on this subject.

Materials and Methods
The MEDLINE/PubMed database was searched for publications
with the medical subject heading “laparoscopic splenectomy” and
key words “laparoscopy” OR “splenectomy” AND “hematological
disorders” OR “hematological disease” OR “hematology”. Two
independent reviewers (DM and ND) performed the literature
search, the study selection and the data extraction. We identified 247
relative articles. We set our analysis starting date as January 1st
2010 since previous bibliography was covered by the review of
Mikhael et al. (4), and the end date of the review was December
31st 2016. This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic Review and
Meta-Analyses guidelines (5). Additionally, the references of the
identified articles were searched for relevant information. When
articles referred to repeat investigations evaluating the same study
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population, the most recent study was included. After removing
duplicates, the remaining articles were available for screening. 

We excluded articles that were not written in English or articles
whose full-texts and abstracts were not accessible or comprehensive,
and articles referring to pediatric populations from further analysis,
as well as editorials, expert’s opinions, reviews, meta-analyses and
animal studies. After applying the above criteria, 27 articles were
deemed appropriate for further analysis and were included in the
present study.

Results

Indications. Benign hematological diseases such as idiopathic
thrombocytopenic purpura, thrombotic thrombopenic purpura,
HIV-related thrombocytopenia, hereditary spherocytosis (HS),
autoimmune hemolytic anemia (AHA), thalassemia
intermedia, thalassemia major, sickle cell disease and Evans
syndrome constitute the absolute indications for splenectomy
and whenever the indication is established, the procedure
should be performed laparoscopically, as the ‘gold-standard’
approach. Relative indications are: primarily unresponsiveness
to medical therapy, disease relapse, splenomegaly, transfusion
dependence, steroid dependency and intolerance or adverse
side effects of steroid therapy (2, 6-27). In cases of concurrent
symptomatic and asymptomatic non-complicated gallbladder
lithiasis and benign hematological disorder, LS with
concomitant laparoscopic cholecystectomy have been
proposed as safe and feasible with acceptable operative time,
conversion and transfusion rates and postoperative results (6,
17, 19).

Current literature suggests that in patients who come
under any of the previously mentioned indications and where
surgeon’s experience and adequate instrumentation are
available, LS should be offered as the surgical treatment of
choice (6, 10, 11, 21, 22).

Absolute contraindications. These constitute: (i) uncorrected
coagulopathy, (ii) severe comorbidities that highly increase
the operative risk, and (iii) hematological malignancies not
localized only in the spleen (8, 28, 29).

Relative contraindications. A low platelet count (<10×109/l)
should no longer be considered as an absolute
contraindication. Current literature states that the constant
increased experience for the operation, as well as advances
in laparoscopic techniques and instruments, have made it
possible to operate on patients with low platelet counts safely
and effectively (9).

LS should be performed with caution in cases of massive
splenomegaly, which is defined either as a maximum spleen
diameter greater than 25 cm, or as an estimated spleen
volume exceeding 1,000 ml. Under these circumstances, LS
is correlated with higher conversion rate and intra- and
postoperative complications (6, 10, 11, 21, 22). The

procedure is technically demanding due to the limited
abdominal working space, with an increased risk of bleeding
and difficulty retrieving the spleen (6, 10, 11, 21, 22). Ιf LS
is chosen, it can be performed using the same surgical
technique, providing that the ports are placed more caudally
on the abdominal wall, directly related to the lower pole of
the spleen (30). For these patients, hand-assisted LS has been
proposed (11, 20, 31, 32) as an effective, safe and feasible
alternative. Analyzing the feasibility of LS in cases of
massive splenomegaly (spleen weight >2000 g) in patients
with benign hematological disorder, Al-Mulhim (7)
concluded that although LS was feasible in 90% of patients,
the condition was significantly associated with prolonged
operative time, more blood loss, increased postoperative
morbidity, longer time to liquid diet and prolonged
postoperative hospital stay. Splenic weight above a cut-off
value of 1311.5 g has been proposed to be associated with
higher risk of conversion and transfusion and has also been
found to be a significant independent risk factor for portal
and splenic vein thrombosis (P/SVT) after LS (23).

Although the European Association for Endoscopic
Surgery guidelines consider portal hypertension as an
absolute contraindication for LS (33), several publications
since then reported on the safety of the method in patients
with cirrhosis and portal hypertension (24, 34-38).

With the progressive extension of technical feasibility,
morbid obesity (body mass index; BMI>35 kg/m2) is no
longer considered as an absolute contraindication for LS,
although unquestionably difficulties remain due to limited
intra-abdominal working space and poor viewing (39).

The pre-existing P/SVT is also a matter of debate since
literature on adults is sparse. If we evaluated the literature
on children with hematological disorders, we could state that
splenectomy is indicated in cases of persistent abdominal
pain, splenic abscesses, splenic infarct, hemorrhage,
pseudocyst formation and rupture of the spleen (37, 38, 40).
Patrono et al. reported successful and effective LS following
splenic artery embolization in an adult patient with chronic
pancreatitis-related splenic vein thrombosis causing left-
sided portal hypertension (41). 

Finally, the higher cost of LS compared to OS could be
considered as a relative contraindication for LS (42, 43).
However, a recent report disclosed that the hospital cost for
LS was similar to the cost of OS (2607±68.78 US$ for LS
vs. 2601±60.13 US$ for OS) (13).

Preoperative workup. Preoperative workup for patients who
are undergoing LS, requires a multidisciplinary approach.
The need for blood and platelet transfusion, corticosteroid,
plasmapheresis and gammaglobulin should be undertaken in
conjunction with the patient’s hematologists. Spleen size,
spleen volume and identification of accessory spleens should
be obtained with preoperative ultrasound and computed
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tomography (10, 11, 13, 20). Triple vaccination (Hemophilus
influenza, Pneumococcus pneumoniae and Meningococcus)
should be administered to all patients at least 2 weeks before
surgery (10, 11). Patients taking corticosteroids should be
given steroids parenterally during the perioperative period
(11, 13). Antibiotic prophylaxis should be commenced at the
time of induction to anesthesia and continued postoperatively
for at least 24 h (7, 10, 11). All patients should have
compression stockings (10, 11, 20), while several authors
suggest low-dose subcutaneous unfractionated heparin
prophylaxis administration before LS, due to the increased
risk of thromboembolic events correlated to the
disorganization of coagulation and clotting homeostasis after
splenectomy (10, 13, 20). 

Operative technique. For most authors, placement of the
patient in the right lateral semi-decubitus position, with the
table tilted in a slight reverse Trendelenburg position and
flexed 30o to open the space between the left iliac crest and
the left costal margin, constitutes the preferable approach (7,
9-11, 13, 19, 20, 23, 44). Open insertion of a 10-12 mm
blunt-tipped trocar between the umbilicus and left costal
margin is used to enter the abdomen, pneumoperitoneum is
established and maintained at 12-16 mmHg, while two or
three additional 5-10 mm ports are placed under direct vision
along the costal margin (13). 

Most authors also agree that the ideal number of trocars
is four rather than three, since the fourth trocar can be
helpful in spleen retraction and exposure of anatomical
structures (3, 7, 10, 13, 19, 20, 23, 45-49).

Most authors prefer the lateral approach for spleen
mobilization (7, 9, 10, 14, 20). Almost all of them agree that
the division of the gastrosplenic ligament and the short
gastric vessels can be safely performed using an ultrasonic
scalpel, while Al-Mulhim advocates the use of Ligaclips for
the ligation of short gastric vessels greater than 4 mm in
diameter (7).

Similarly, almost authors agree that the splenic vascular
hilum can be safely divided by using a laparoscopic linear
cutting stapler with vascular staples, assuming that the
pancreatic tail has been isolated, in order to reduce the risk
of pancreatic injury (6, 9, 10, 13, 19-22). However, several
modifications have been proposed. Corcione et al. suggested
that the splenic artery should be identified and dissected free
from the upper border of the pancreatic tail and clipped
approximately 2 cm from the splenic hilum in order to
reduce blood supply to the organ and to reduce its volume
(10). Vecchio et al. suggested double clipping of the splenic
artery prior to splenic vascular hilum division (21, 22). Li et
al. preferred to ligate and divide the splenic pedicle under
direct vision, using traditional surgical instruments, through
a 5-cm left subcostal incision, unifying two trocars holes
(13). Zhou et al. used monopolar electrocautery for pedicle

division suggesting the method as equally safe and effective,
but also cost-effective compared to the endostapler and
ultrasonic shear methods (42).

Several options are available for the retrieval of the
specimen. Tran et al. preferred to place the spleen in a
retrieval bag and to morcellate it prior to its removal through
the largest port, while in patients with splenomegaly, the
hand-assisted technique through a 7-8 cm supraumbilical
midline incision was preferred (9). Suction drain was placed
if pancreatic injury was suspected. Chen et al. captured the
spleen in an extraction bag, morcellated it with ring forceps
and removed it through the left 10-12 mm orifice (9). A drain
tube was routinely placed in all patients. Marte et al.
suggested that in cases of known or suspected malignancy,
the spleen should be retrieved through a Pfannenstiel incision
(14). A drain tube was left in all patients for 2 days. Li et al.
withdrew the spleen through a small subcostal incision (13).

Lateral versus anterior approach. In general, a lateral
approach provides better exposure of the splenic hilum and
the pancreatic tail because the abdominal viscera are
retracted away from the upper-left quadrant by gravity,
allowing easier dissection of the splenic hilar structures and
greater vascular control (50, 51). Other authors maintain that
the lateral approach results in reduction of the number of
trocars needed, shorter operative time, less intraoperative
blood loss, lower conversion rate and shorter postoperative
hospital stay (10, 52).

Corcione et al. concluded that a lateral approach was
associated with shorter operative time (60 vs. 80 min), less
blood loss (30 vs. 110 ml), no conversion (0 vs. 2.2%), fewer
postoperative complications (4.8% vs. 31.5%), shorter
hospital stay (3.1 vs. 5.2 days), less postoperative pain, only
1% fluid collection and no subphrenic abscesses formation,
compared to the anterior approach (10).

Operative time. Depending on each study’s methodology, the
mean operative time was reported as being between 75 and
162 min, (6, 7, 9, 10, 13, 14, 25, 44), the mean operative
time between 150 and 165 min (17, 19) and the median
operative time between 109 and 144 min (18, 20). However,
splenomegaly (7), low platelet count (9), anterior approach
(10), indications other than immune thrombocytopenic
purpura (ITP) (18, 20) and concomitant laparoscopic
cholecystectomy (18, 20), significantly prolonged the
operative time.

Blood loss and requirements for transfusion. LS can be
performed with minimal blood loss (mean 36-60 ml) (6, 13,
17, 19, 25) and significantly less blood loss compared to OS
(14). In the study of Vecchio et al., platelet transfusion was
occasionally required (1 out of 12 patients) (6); in other
studies, the need for packed erythrocyte transfusion was rare
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(9, 10), while intraoperative blood loss of more than 600 ml
(9), as well as the anterior approach (10), almost always lead
to packed erythrocyte transfusion.

Conversion rate. Encountering the hand-assisted technique
as a modification of LS, literature reports a very low
conversion rate to OS, varying between 0 and 4% (6, 7, 9,
10, 14, 17, 19). In order of frequency, intraoperative bleeding
(9, 10, 14), splenomegaly (11, 17), anterior approach (10)
and surgeon’s inexperience (10) constitute the main
predisposing factors for conversion.

Postoperative course. The postoperative complications rate
varied from 0% to 35.7% (6, 9, 10, 14, 18, 45-49).
Postoperative complications include bleeding (12, 17), PVT
(12, 19, 21), subphrenic abscess formation (13, 21), intestinal
ischemia (40), pancreatic leakage (9), wound infections and
respiratory complications (13). The reoperation rates varied
from 0% to 6.7% (6-14, 17, 18, 20, 25, 27, 35, 36, 53).

Mortality rates varied from 0% to 3.9%. (2, 3, 6, 9-12, 18,
21, 27, 29, 31, 35, 38, 41, 44-49, 51, 54-59). Gonzalez-Porras
et al. reported two deaths after LS. One patient in the elderly
group died due to severe intraoperative bleeding, while one
patient in the young group died from a severe infection after
surgery, although it remained unclear whether it was
overwhelming post-splenectomy infection (OPSI) (12).

The postoperative hospital stay varied from 1 to 25 days,
mainly related to the performance or not of concurrent
laparoscopic cholecystectomy, the age of the patient (longer
for elderly than for young patients) (12) and the development
or not of postoperative complications (6, 9, 12, 17, 19-22,
53, 59).

Other postoperative complications. P/SVT constitutes a
potentially lethal complication following LS. The most
recent reports addressed an incidence ranging from 0% (6,
17) to 22.5% (20). Massive splenomegaly and splenic weight
above a cut-off value of 1311.5 g were found to be
significant independent risk factors for P/SVT after LS (23).

Tran et al. evaluated the incidence of P/SVT after LS
performing surveillance duplex ultrasonography 1 week and
1 month postoperatively. The overall incidence of P/SVT
was 22.5% (9 out of 40 patients), while the 1-week incidence
was 20%. Ultrasound was diagnostic in 87.5%, while only
one patient had mild symptoms such as fever and diarrhea
(20). After anti-coagulation, subsequent ultrasound showed
resolution or improvement in all patients. Conclusively, the
high incidence of P/SVT following LS, justifies
ultrasonographic screening on the seventh postoperative day.

Mohamad et al. showed that LS (as open splenectomy;
OS) is correlated with life-threatening venous
thromboembolic events in cases of patients with ITP if
prophylactic anticoagulants are not administered (15).

Patients at risk are those who also have an exponential rise
of the platelet count, although factors other than the platelet
count may contribute in OS. Postsplenectomy, ITP should be
considered as a thrombophilic condition and studies of
additional measures to prevent such events are warranted.

OPSI is a medical emergency for which only prompt
diagnosis and immediate treatment can reduce mortality (56).
The mortality rate is 50-70%, and most deaths occur within
the first 24 h (60). To date, no data are available regarding
whether LS is correlated with lower incidence of OPSI. The
present literature review revealed only one documented case
(14) of OPSI after LS. 

Other minimally-invasive procedures. Li et al. compared
laparoscopy-assisted small incision splenectomy to OS in
patients with benign hematological disorders (13). There was
no significant difference in the mean operating time and
medical costs between the two groups, while blood loss,
enterokinesia time, off-bed activity time, hospitalization
time, and incidence of complications, were significant in the
laparoscopic group. 

Monclova et al. compared LS (n=15) to reduced port
access splenectomy (RPAS) (n=10) as well as to single-port
access splenectomy (SPAS) (n=8) for the treatment of
patients mainly suffering from benign hematological
disorders. Blood loss and morbidity was similar in the three
groups, as well as the clinical outcomes in terms of
complications, re-operation and duration of hospital stay. No
patients were converted to OS in any group, but three
patients required additional trocars to finish the SPAS. RPAS
had an operative time comparable to that of LS and
significantly shorter than the SPAS (16). The results of this
unique study are insufficient to establish any evidence of
superiority of RPAS and SPAS over LS, apart from the better
postoperative comfort and cosmetic result.

Effect of LS on disease response. Complete response is
defined as the achievement and maintenance of a platelets
count of at least 100×109/l 30 days or longer after
splenectomy in the absence of bleeding and without
additional ITP treatment, except tapering of perioperative
glucocorticoids; partial response is defined as any platelet
count between 30 and 100×109/l 2 months after surgery in
the absence of bleeding or any treatment; no response is
defined as any platelet count <30×109/l or bleeding, while
relapse of ITP is defined as the loss of complete response or
response, or when medical treatment is required to maintain
a safe platelet count (61).

Gonzalez-Porras et al. reported an overall 89% favorable
response to both laparoscopic and open splenectomy. The
favorable response was significantly less common in patients
older than 65 years compared to younger ones (79% vs. 92%,
p=0.005), the probability of maintaining response for 14
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years after splenectomy was only 56% in the elderly group,
thus the authors concluded that patients aged ≥65 years
experienced negative effects on safety and efficacy outcomes
of splenectomy for ITP (12).

Chen et al. compared the surgical outcomes in two groups
of patients with ITP and low platelet count who underwent
LS with and without intraoperative platelet transfusion. A
steady growth of the platelet count was observed within the
first week after surgery, while at discharge, 89% of the
patients had achieved complete response, 9% a response and
2% did not respond (9). Based on the above, the authors
concluded that a very low platelet count should not be a
contraindication for LS in patients with ITP and
perioperative platelet transfusion may be unnecessary.

Patel et al. presented the effect of LS in patients suffering
from ITP refractory to medical treatment and AHA. In the
ITP group (n=45), 91% of the patients had complete
response within a median period of 51 days, 17% of them
relapsed within a median period of 135 days, 49% of them
completely responded after the relapse, thus an overall
response rate of 82% was achieved. In the AHA group
(n=15), 93% of the patients had complete response within a
median period of 172 days, 29% of them relapsed within a
median period of 31 days, 93% of them completely
responded after the relapse, thus an overall response rate of
93% was reached (18).

Wu et al. evaluated the efficacy of LS in patients suffering
from ITP with a preoperative platelet count of less than
20×109/l. The clinical efficacy of the treatment was
significant, with an overall response rate of 90% (24). 

Wu et al. reported the feasibility and safety of LS in the
treatment of patients suffering from ITP with a preoperative
platelet count of less than 1×109/l. The authors found that
after the third postoperative day, the platelet count increased
sharply to 226.7×109/l and all patients remained complete
responders within a mean follow-up of 28 months (25). 

Zheng et al. presented a 10-year experience of LS for
cases of chronic ITP. Within a mean follow-up of 43.6
months, the overall initial and long-term response rates were
reported as 89.0% and 80.3%, respectively (27). Univariate
analysis showed that the responders were younger, had
responded to steroid therapy and had a significantly higher
postoperative peak platelet count. However, multivariate
logistic regression analysis identified postoperative peak
platelet count as the only independent predictor of favorable
response to LS.

Vecchio et al. demonstrated an overall response rate of
90.9%, with a higher increase in postoperative percentage
platelet count in patients with a lower preoperative platelet
count (62).

Tables I and II summarize the results of studies of LS for
the treatment of benign hematological disorders from 2010
to date.

Critical Evaluation

Patients with benign hematological diseases such as ITP,
AHA or HS are mainly treated with high-dose corticosteroid
administration (63). However, splenectomy represents a
frequent component in their management and should be
reserved for patients with refractory, recurrent or chronic
diseases for whom drug treatment fails (63). 

Over the past two decades, minimally-invasive surgical
approaches to splenectomy have been increasingly adopted.
Technical considerations (feasibility), favorable postoperative
course (safety), as well as achievement and maintenance of a
favorable long-term response (effectiveness), should be taken
into consideration prior to any definitive conclusion regarding
the role of LS in hematological diseases in adults.

Literature reports that uncorrected coagulopathy, severe
comorbidities which highly increase the operative risk, and
hematological malignancies not localized only in the spleen
are the only absolute contraindications for LS (8, 28, 29).
Patients with any other condition should be considered as
candidates for splenectomy and LS should be offered to them
as the ‘gold-standard’ operation of choice. As LS became
more mature and its indications gradually expanded, the
method has displaced OS for almost all indications (33) in
experienced surgeon’s hands.

Ideally, all patients should preoperatively have undergone
abdominal computed tomography scan for documentation of
spleen size, spleen volume and identification of accessory
spleens. 

In the presence of a normal coagulation profile, a low
platelet count should not preclude LS any longer (9, 24-27).
In patients with massive splenomegaly and heavy spleens, LS
should firstly be attempted (7, 14), keeping in mind that the
ports should be placed more caudally on the abdominal wall
directly related to the lower pole of the spleen (30), the
modification of hand-assisted technique might prove
extremely helpful, but despite these maneuvers, the conversion
rate remains high. Placement of the patient in the right lateral
semi-decubitus position, 4-trocar technique and lateral
approach for spleen mobilization, constitute the preferable
approach. Division of the gastrosplenic ligament and the short
gastric vessels can be safely perform using an ultrasonic
scalpel, while the splenic vascular hilum can be safely divided
by using a laparoscopic linear cutting stapler with vascular
staples (9, 10, 13, 19-22). However, any laparoscopic
technique (e.g. clips, knots, individual dissection and clipping
of the vessels at the splenic hilum) based on the surgeon’s
experience and dexterity, which further increases the safety for
splenic artery ligation, can be applied and is acceptable.
Morcellation of the spleen within a retrieval bag constitutes
the preferable option for specimen retrieval. 

Two meta-analyses unanimously concluded that LS is
characterized by less blood loss, less requirements for
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Table I. Summary of the studies of laparoscopic splenectomy (LS) from 2010 to date: Design and conclusions.

Author                           Year of              Study                 No. of                        Indication                    Operative                           Conclusion
                                   publication           design                patients                                                             technique

Sazaki et al. (19)            2010          Retrospective       9 (All with                          HS                       LA, 4 trocars          Concomitant LS and LC are 
                                                                                    concurrent LC)      Splenic artery aneurysm                                     safe and feasible procedures.
                                                                                                                           Hypersplenism                                                                     
                                                                                                                          Evans syndrome
Mohamed et al. (15)       2010          Retrospective              21                          Chronic ITP               LA, 4 trocars              Life-threatening venous 
                                                                                                                                                                                                  thromboembolic events are 
                                                                                                                                                                                                  serious complications after 
                                                                                                                                                                                                  LS and OS for ITP patients 
                                                                                                                                                                                                if prophylactic anticoagulants 
                                                                                                                                                                                                       are not administered.

Tran et al. (20)               2010            Prospective                31                                  HS                       LA, 4 trocars             The 1-week incidence of 
                                                                                                                                    ITP                                                         P/SVT after LS was 20%. 
                                                                                                                           Hypersplenism                                              The high incidence justifies 
                                                                                                                                   AHA                                                      ultrasonographic screening 
                                                                                                                          Evans syndrome                                                on postoperative day 7. 
                                                                                                                                                                                                  If asymptomatic P/SVT has 
                                                                                                                                                                                                  not developed at this time, 
                                                                                                                                                                                                     screening ultrasound at 
                                                                                                                                                                                                     1 month is not required.
Nobili et al. (17)             2011          Retrospective      125 (30 with                        ITP                          LA, 4 or             Concomitant LS and LC are 
                                                                                    concurrent LC)                       HS                           5 trocars              safe and feasible procedures. 
                                                                                                                             Thalassemia
                                                                                                                        Sickle cell disease
Chen et al. (9)                 2011          Retrospective              81                                  ITP                       LA, 4 trocars              Very low platelet count 
                                                                                                                                                                                                       should not constitute 
                                                                                                                                                                                                    a contraindication for LS 
                                                                                                                                                                                                            in ITP patients.
                                                                                                                                                                                                       Perioperative platelet 
                                                                                                                                                                                              transfusion may be unnecessary
Wu et al. (25)                 2011          Retrospective              10                                  ITP                       LA, 4 trocars            LS is a feasible technique 
                                                                                                                                                                                                     in the treatment of ITP 
                                                                                                                                                                                              patients with low platelet count 
Zheng et al. (27)             2011          Retrospective             154                         Chronic ITP               LA, 4 trocars             LS is a safe and effective 
                                                                                                                                                                                                   treatment for chronic ITP. 
                                                                                                                                                                                                  Postoperative peak platelet 
                                                                                                                                                                                                  count may serve as a major 
                                                                                                                                                                                              predictor of long-term response.
Zheng et al. (26)             2012          Retrospective              58                          Chronic ITP               LA, 4 trocars         Haptoglobin levels may serve 
                                                                                                                                                                                                  as a favorable predictor for 
                                                                                                                                                                                                   the long-term response to 
                                                                                                                                                                                                        splenectomy in ITP.
Wu et al. (24)                 2012          Retrospective              30                                  ITP                       LA, 4 trocars        LS without platelet transfusion 
                                                                                                                                                                                                  can be safely performed in 
                                                                                                                                                                                                  patients with platelet count 
                                                                                                                                                                                                       lower than 20×109/l.
Al-Mulhim (7)                2012          Retrospective              81                     Sickle cell disease.          LA, 4 trocars            Although LS was feasible 
                                                                                                                                                                                              in 90% of patients with massive
                                                                                                                                                                                               splenomegaly (>2,000 g), the 

                                                                                                                                                                                                   condition was statistically 
                                                                                                                                                                                              significant associated to prolong 
                                                                                                                                                                                                  operative time, more blood 
                                                                                                                                                                                                 loss, increased postoperative 
                                                                                                                                                                                                    morbidity, longer time to 
                                                                                                                                                                                                     liquid diet and prolong 
                                                                                                                                                                                                  postoperative hospital stay.

Table I. Continued
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Table I. Continued

Author                           Year of              Study                 No. of                        Indication                    Operative                           Conclusion
                                   publication           design                patients                                                             technique

Patel et al. (18)               2012          Retrospective              58                                 ITP                      LA, 4 trocars             LS for ITP and AHA has 
                                                                                                                                   AHA                                                        favorable response rates 
                                                                                                                                                                                                 with low morbidity in cases 
                                                                                                                                                                                                         non-responding in 
                                                                                                                                                                                                           medical therapy.
Corcione et al. (10)        2012          Retrospective      300 (201 for                         ITP                      LA, 4 trocars             LS with lateral approach 
                                                                                   benign disease).                       HS                           (n=208)                 and the placement of four 
                                                                                                                            Thalassemia.                                                  trocars can be considered 
                                                                                                                                                                                                     the procedure of choice
                                                                                                                                                                                                         for benign diseases 
                                                                                                                                                                                                        affecting the spleen. 
Fraser et al. (11)             2012          Retrospective              48                    ITP, Mixed ITP/TTP          AA (n=92)              No significant differences 
                                                                                                                                     HS                                                                in operative time,
                                                                                                                                   AHA                                                        transfusion requirements, 
                                                                                                                           Hypersplenism                                                      morbidity rate and 
                                                                                                                                                                                                      mortality rate between 
                                                                                                                                                                                                    patients with benign and 
                                                                                                                                                                                                         malignant disease.
Monclova et al. (16)       2013           Prospective,       28 Cases of                         ITP                                                     RPAS has an operative time 
                                                           comparative,    traditional and                     AHA                                                       comparable to the LS and 
                                                         nonrandomized   alternative LS                        HS                                                          significantly shorter than 
                                                                                       approaches.         4 Cases of malignancies                                      the SPAS. No patients were 
                                                                                                                           were excluded.                                               converted to open surgery 
                                                                                                                                                                                                     in any group, but three 
                                                                                                                                                                                                  patients required additional 
                                                                                                                                                                                                  trocars to finish the SPAS. 
                                                                                                                                                                                                  RPAS is a good alternative 
                                                                                                                                                                                                      to LS and SPAS. Both 
                                                                                                                                                                                               methods improve the cosmetic 
                                                                                                                                                                                                     results compared to LS.
Li et al. (13)                   2013          Retrospective              60                                 ITP                      LA, 4 trocars             Blood loss, enterokinesia 
                                                                                                                                     HS                                                        time, off-bed activity time, 
                                                                                                                                                                                                     hospitalization time and 
                                                                                                                                                                                                  incidence of complications 
                                                                                                                                                                                                   in the LS group decreased 
                                                                                                                                                                                                   significantly compared to 
                                                                                                                                                                                                 the open splenectomy group. 
Marte et al. (14)             2013          Retrospective              33                                  ITP                                                          LS should be considered 
                                                                                                                                     HS                                                        as the preferential approach 
                                                                                                                   Splenic artery aneurysm                                          in patients with benign 
                                                                                                                          Hypersplenism.                                               disease, splenomegaly, or 
                                                                                                                                                                                                     unusual cases. Massive 
                                                                                                                                                                                                    splenomegaly should be 
                                                                                                                                                                                                      considered as relative 
                                                                                                                                                                                                      contraindication to LS 
                                                                                                                                                                                                 even at experienced centers.
Wang et al. (23)              2014          Retrospective              25                     Thalassemia major          RPAS (n=10)            LS group had statistically 
                                                                                                                                                                                                       significant: increased 
                                                                                                                                                                                                   operative time, less blood 
                                                                                                                                                                                             loss and decreased postoperative 
                                                                                                                                                                                               stay. LS group was susceptible 
                                                                                                                                                                                                  to PVT (splenic weight can 
                                                                                                                                                                                                     be used as a predictor).
Vecchio et al. (6)            2014          Retrospective              12                                  ITP                        SPAS (n=8)               Concurrent LS with LC. 
                                                                                                                                     HS                                                           Feasible with low blood 
                                                                                                                    Thalassemia intermedia                                              loss and acceptable 
                                                                                                                                                                                                            operative time.

Table I. Continued



transfusion, lower morbidity rate, shorter postoperative
hospital stay, better cosmetic result, equivalent mortality, but
prolonged operative time, compared to OS, even in cases of
massive splenomegaly (8, 64). Postoperative bleeding and
pulmonary complications constituted the majority of severe
complications, whereas incision complications were the most
common minor complications. The proposed increased cost
of LS (42, 43) does not seem to be confirmed by recent
studies (13), probably because the cost of laparoscopic
equipment is balanced out by the shorter postoperative
hospital stay. 

Although the true incidence of P/SVT is unknown because
it remains mainly asymptomatic, the more extensive use of
radiological imaging now seems to indicate that it probably
occurs more often than earlier thought. LS might increase the

risk of P/SVT because it reduces the blood flow in the portal
system due to the pneumoperitoneum; however, on the other
hand, it seems to be associated with fewer postoperative
modifications of coagulation parameters and of fibrinolytic
postoperative pathways than OS, thus preventing P/SVT
itself (6, 17, 19, 21-23, 64). Because P/SVT constitutes a
potentially lethal complication following LS, literature shows
that patients with myeloproliferative disorders, hemolytic
diseases and marked splenomegaly are at higher risk for its
development, thus ultrasonographic screening as routine on
the seventh postoperative day is now justified (65).

Following LS for ITP, many patients may experience an
exponential rise of their platelet count. In these cases, ITP
should be considered as a thrombophilic condition and
prophylactic anticoagulants should be administered (15).
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Table I. Continued

Author                           Year of              Study                 No. of                        Indication                    Operative                           Conclusion
                                   publication           design                patients                                                             technique

Gonzalez-Porras             2014          Retrospective             118                                 ITP                         LS (n=15)          A favorable response following 
et al. (12)                                                                                                                                                                                    LS was significantly less 
                                                                                                                                                                                                     common in elderly than 
                                                                                                                                                                                                           in young people.
Pardhan et al. (59)          2014          Retrospective               4                                   ITP                                                            Splenectomy is a safe 
                                                                                                                                                                                                treatment option especially in 
                                                                                                                                                                                                      patients who succumb 
                                                                                                                                                                                                        to adverse effects of 
                                                                                                                                                                                                           medical therapy.
Rijcken et al. (47)          2014          Retrospective              72                                  ITP                       LA, 4 trocars          Perioperative platelet counts 
                                                                                                                                                                                                       are predictive factors  
                                                                                                                                                                                                      of long term response.
Cai et al. (46)                 2014          Retrospective              88                                  ITP                       LA, 4 trocars              It is safe and feasible to 
                                                                                                                                                                                              perform LS in ITP patients with 
                                                                                                                                                                                             platelet count less than 10×109/l, 
                                                                                                                                                                                                 without platelet transfusion.
Navez et al. (45)             2015          Retrospective              81                                  ITP                                                     Age and pre-operative platelet 
                                                                                                                                                                                             count were significant predictors 
                                                                                                                                                                                                   of recurrence-free survival
Leo et al. (44)                 2015          Retrospective               2                                   ITP                       LA, 4 trocars           The laparoscopic accessory 
                                                                                                                                                                                                      splenectomy should be 
                                                                                                                                                                                                        considered the first- 
                                                                                                                                                                                                           choice approach.
Vecchio et al. (62)          2015          Retrospective              20                                  ITP                                                             A higher increase of 
                                                                                                                                                                                                postoperative percent platelet 
                                                                                                                                                                                                   count may be predicted in 
                                                                                                                                                                                                         patients with a low 
                                                                                                                                                                                                  preoperative platelet count.
Antel et al. (49)              2015          Retrospective              43                        ITP in patients             LA, 4 trocars              LS achieved a complete 
                                                                                                                               with HIV                                                response of 83% and response 
                                                                                                                                                                                              was sustained for at least 1 year
Xu et al. (48)                  2016          Retrospective             114                                 ITP                       LA, 4 trocars             The 140-month response 
                                                                                                                                                                                                        rate to LS was 68%

TTP: Thrombotic thrombopenic purpura, HS: hereditary spherocytosis, ITP: immune thrombocytopenic purpura, AHA: autoimmune hemolytic
anemia, As above: anterior approach, LA: laparoscopic approach, LC: laparoscopic cholecystectomy, RPAS: reduced port access splenectomy, SPAS:
single port access splenectomy, PVT: portal vein thrombosis, P/SVT: portal/splenic vein thrombosis, HIV: human immunodeficiency virus. 



The indications for splenectomy most frequently
associated with a risk of infection were thalassemia major,
sickle-cell anemia, HS, and ITP. The use of antibiotics for
the prevention of post-splenectomy sepsis is not evidence-
based. The actual effectiveness of antibiotics is unknown and
there is no agreement on how long such drugs should be
taken or which subgroups to treat, especially when factors
such as poor compliance and possibility of favoring the
development of resistant bacterial strains in the long term are
taken into account (54, 58). In adults, guidelines recommend
prophylaxis with 250-500 mg per day of amoxicillin or 500
mg per day phenoxymethylpenicillin (58). Although there is
no consensus on the duration of treatment, the only available
guidelines (British) propose life-long treatment with regards
to the persistent risk of sepsis (54). Long-term treatment is
recommended in patients with concomitant hematological
diseases or an impaired immune system (54). Improvement

of patients’ education about their asplenic or hyposplenic
status and increased healthcare worker awareness about the
potential fulminant progression of infections in
splenectomized patients, represent mandatory strategies for
preventing and managing post-splenectomy sepsis and OPSI. 

Splenectomy is a common therapy for adults with ITP.
The first published systematic review by Kojouri et al. in
2004, disclosed a 66% complete response within a follow-
up period of 1 to 153 months (66). The next systematic
review by Mikhael et al. in 2009, revealed short-term
surgical non-response rate of 8.2%, long-term relapse rate of
approximately 44/1,000 patients/year and an approximate
failure rate of 28% at 5 years for all patients undergoing
splenectomy (4). Studies with shorter durations of follow-up
had significantly higher relapse rates than studies with longer
follow-up. It was concluded that splenectomy may have
higher initial relapse rates in the first 2 years after surgery,
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Table II. Summary of the studies of laparoscopic splenectomy from 2010 to date: Complications and reoperation.

Author                                                                             Postoperative complications                                              90-Day        Morbidity    Reoperation 
                                                                                                                                                                               mortality rate         rate                 rate

Sazaki et al. (19)                                                                       PVT, bleeding                                                             0%                 22%                0%
Mohamed et al. (15)                                                                     PE, DVT                                                                 0%                9.5%                0%
Tran et al. (20)                                         Splenic bed collection, peripancreatic fluid collections,                           0%               6.25%               0%
                                                               bleeding from the splenic artery stump, symptomatic PVT 
Nobili et al. (17)                                                                     Hemoperitoneum                                                          0%                 10%                0%
Chen et al. (9)                             Bleeding, pneumonia, subphrenic fluid collection, left pleural effusion               0%                 11%                0%
Wu et al. (25)                                                             Subphrenic hematoma, bleeding                                              0%                  0%                 0%
Zheng et al. (27)                                                           Subphrenic abscess, bleeding                                               0.6%              8.4%                0%
Zheng et al. (26)                                                                               N/A                                                                    N/A                N/A                N/A
Wu et al. (24)                                                             Subphrenic hematoma, bleeding                                              0%                  0%                 0%
Al-Mulhim (7)                             Acute chest syndrome, left subphrenic hematoma, left pleural effusion               0%                8.4%                0%
Patel et al. (18)                                                                 PE, DVT, pneumonia, MI                                                    0%                 10%                0%
Corcione et al. (10)                                       Fluid collections in the splenic fossa, subphrenic                              0.3%               13%                1%
                                                                               abscesses, bleeding, intestinal ischemia
Fraser et al. (11)                                                  PVT, sepsis, bleeding, intestinal ischemia                                     3.9%             21.1%              N/A
Monclova et al. (16)                                      Bleeding from a vessel of the greater omentum,                                 0%               15.6%               3%
                                                                         subphrenic fluid collection, pancreatic fistula.
Li et al. (13)                            Wound complications, sepsis, subhepatic abscess, respiratory complications          0%               6.67%               0%
Marte et al. (14)                                                                        Bleeding, OPSI                                                         2.08%         8.8-35.7%           0%
Wang et al. (23)                                                                        Bleeding, PVT                                                            0%                6.9%              6.9%
Vecchio et al. (6)                            Conversion to open surgery was required in one patient because of                 0%                  0%                 0%
                                                                lack of anatomic definition of Calot triangle’s structures.
Gonzalez-Porras et al. (12)                   Infection, subphrenic abscess, thrombotic events, bleeding                       0.9%             25.4%              N/A
Pardhan et al. (59)                                                                        Atelectasis                                                                0%                 25%               N/A
Rijcken et al. (47)                                                                                                                                                                                                          
Cai et al. (46)                                                             Bleeding, pancreatic fistula, PVT                                             0%               11.4%               0%
Navez et al. (45)                                                                                N/A                                                                    N/A                N/A                N/A
Leo et al. (44)                                                                                   None                                                                    0%                  0%                 0%
Vecchio et al. (62)                                                                              N/A                                                                     0%                 N/A                N/A
Antel et al. (49)                                                    Bleeding, PVT, intra-abdominal abscess                                     1.38%              N/A              16.3%
Xu et al. (48)                                                            PVT, pneumonia, pancreatic fistula                                            0%                  7%                N/A

PVT: Portal vein thrombosis, N/A: not available, MI: myocardial infarction, DVT: deep vein thrombosis, PE: pulmonary embolism, OPSI:
overwhelming post-splenectomy infection.



but the rate may decline over time. The most recent studies
(9, 12, 18, 24-27), disclosed a short-term response rate of
about 90% and long-term response rate higher than 80%, or
even 100%. However, the probability of maintaining
response for 14 years after splenectomy was only 56% in
elderly patients, thus patients aged ≥65 years experienced
negative effects on safety and efficacy outcomes of
splenectomy for ITP (12).

Conclusion

Almost 25 years since its introduction, LS should now
constitute the ‘gold standard’ surgical treatment for
hematological disorders in adults requiring splenectomy.
Uncorrected coagulopathy, severe comorbidities that highly
increase the operative risk, and hematological malignancies
not localized only in the spleen, represent the only absolute
contraindications for the procedure.

In all other benign and malignant hematological diseases,
LS should be offered as the first surgical option. Although
specific circumstances and conditions increase the conversion
rate, the laparoscopic approach should be attempted first.

The right lateral semi-decubitus position of the patient, the
4-trocar technique and the lateral approach for spleen
mobilization, constitute the preferable approach, increasing
the feasibility of the method.

Antibiotic administration for at least 24 h,
thromboprophylaxis measurements, postoperative prophylactic
anticoagulant administration (if required) and ultrasonographic
screening for P/SVT on the seventh postoperative day increase
the safety of the method, ensuring an excellent short-term
outcome.

Especially for ITP, the 66% complete response rate
reported in 2004 increased to 72% in 2009, while the most
recent (2010-2016) published results disclosed short-term
response rate of about 90% and long-term response rate
higher than 80% in patients younger than 65 years-old,
documenting the effectiveness of the LS method.
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