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Abstract allows atraumatic splenic retraction. However, regardless of
Background: Laparoscopic splenectomy (LS) has beenoperative approach, the attendant risks of splenectomy, in-
widely accepted despite a paucity of outcome data. Therecluding hemorrhage, overwhelming postsplenectomy infec-
fore, we performed a review of LS to assess the pancreatitton, and pancreatic injury, remain.

complications and outcomes associated with this procedure. Pancreatic injury is a potentially lethal complication
Methods:Ninety-four splenectomies were performed for a known to occur at OS owing to the close anatomic proxim-
variety of hematologic disorders. The patient was placed irity of the pancreatic tail and splenic hilum [1]. Given the
the lateral position, and three or four trocars were used. known risk of pancreatic injury during OS, a similar occur-
Results:LS was completed successfully in 93 patients. Onerence may be anticipated with LS, and it is therefore rarely
case was converted to an open splenectomy for suspecteddressed independently in the laparoscopic literature. It is
gastrotomy. Thirty of 32 patients with splenomegaly under-reasonable to assume that the incidence of pancreatic injury
went successful LS. Fifteen patients (16%) had some evimay be increased as a result of the same factors that have
dence of pancreatic injury. Six patients had asymptomatitacilitated its success—Iateral positioning and the use of
hyperamylasemia. An injury directly associated with an ad-stapling devices. The lateral position creates an altered ori-
verse outcome occurred in nine cases (9.5% overall); sientation to both spleen and pancreatic tail, a situation that is
patients had pancreatic collections, one had a pancreatinitially unfamiliar to the surgeon accustomed to an anterior
fistula, and two developed hyperamylasemia and pain alteiview. Additionally, although the use of the stapling device
ing the length of hospitalization. Four of these nine patientobviates the need for dissection in the splenic hilum, thus
did not have elevated postoperative amylase levels and wereducing inadvertent vascular injury, it may result in tran-
readmitted with pancreatic complications. section of the pancreatic tail. In contradistinction to OS, the
ConclusionsLS can be performed for most pathologic con- early discharge allowed by LS may lead to the development
ditions. Pancreatic injury is the most common morbidity of clinical symptoms in the outpatients. All of these con-
associated with LS. The detection of hyperamylasemia cariderations have impressed upon us the need to review our
alert the surgeon to a pancreatic injury and alter postoperaesults with LS, focusing specifically on pancreatic injuries.
tive management.
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A retrospective review of all patients who underwent laparoscopic sple-
nectomy (LS) between August 1995 and August 1999 was performed. A
total of 94 patients underwent elective nontraumatic LS at the Cleveland
Clinic. A staff general surgeon conducted the operation with the assistance
Elective splenectomy is typically performed for diagnosticof a laparoscopic fellow or senior level resident. Data collected prospec-

and therapeutic purposes in hematological disorders. Due téyely included demographics, preoperative radiographic studies, operative

advances in laparoscopic techniques and equipment, opdfie: length of hospital stay, postoperative serum amylase levels, compli-
’ cations, readmissions, and outcomes. Follow-up information was retrieved

splenectomy (OS) has now been superseded by laparoscopigy, the patient chart

splenectomy (LS) [9, 11, 16]. This rapid shift in operative A pancreatic injury was deemed to occur in patients with either inci-
approach has been facilitated by the use of stapling devicesgntal hyperamylasemia or complications referable to the pancreas. The
ultrasonic shears, and lateral patient positioning [4, 7, 9 10complications included peripancreatic fluid collections, pancreatic abscess,

N . - f . amylase-rich drain fluid, and atypical postoperative pain extending the
13]. Lateral positioning greatly improves visualization andIength of hospitalization. Hyperamylasemia was defined as a serum amy-

lase level greater than the reference range (0-137 IU/L).
E— Splenomegaly was defined as a cranio-caudal length >15 cm by pre-
Correspondence taR. M. Walsh operative radiographs, or a morcellated weight >600 g. Operative time was
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Table 1.Indications for splenectomy Table 2. Complications

Indication n (%) Complication n (%)

Hematologic 47 (50%)  Mortality 2 (2%)
ITP 39 Total morbidity 22 (23%)
TTP 3 Pancreatic injuries 15
Anemias 5 Pneumonia 2

Malignancies 37 (40%) Atelectasis 2
Lymphoma 15 DVT 1
Leukemia 9 Line sepsis 1
Splenomegaly 13 Relaparoscopy 1

Other 10 (10%)
Total 94

The most common complication was pancreatic injury.
Fifteen patients (16%) demonstrated either isolated hyper-
defined as the length of time from incision to the reversal of anesthesia aamylasemia or a pancreatic-associated complication, which
noted in the operative report. . » altered expected recovery (Table 3). When patients with an
Our operative approach in the right lateral decubitus position has been licated d with th h
previously described [13, 14]. Briefly, patients are placed in a completeuncor_np Icate reCOV_erY _Were compared wi . O_SG who
lateral position and padded, with the operating table maximally flexed aSustained a pancreatic injury, the mean operative time was
the iliac crest. Dissection was done using sharp dissection or cautery anldnger (216 vs 157 ming = 0.015]) and the relative pro-
a Harmonic scalpel, and the splenic hilum was divided using the endoportion of patients with splenomegaly was higher (nine of

scopic stapler with vascular cartridge. Dissection at the splenic hilum in- _
cluded identifying both the vein and artery and firing the stapler acrossl5 vs 23 of 79 @ i 0'021])' As eXPECted' there was an

both these vessels. Individual skeletonizing of these vessels was not peficreased length of hospital stay (6.8 vs 2.8 days=
formed. The specimen was removed by placing the spleen in an impermd).001]) in patients with pancreatic injury. These data are

able bag and manually morcellating the spleen for removal. Routine draipresented in Table 3, which similarly shows that the pres-

placement was not done unless pancreatic injury was suspected. _ence of a minor pancreatic injury, defined as uncomplicated
Patients were placed on a regular nursing floor without nasogastri

tubes. An oral diet was initiated on the day of surgery or 1st postoperativ: yperamylasemia, did not alter the length of hospltallstay
day and advanced as tolerated. Serum amylase and hemoglobin levels wa1en compared to the uncomplicated group. The differ-
checked on the 1st postoperative day. Patients were discharged once thepces in the presence of splenomegaly—increased operative
were tol_erating a regl_JIar diet and had 'adqua_te pa}in _control with _oratime and Iength of stay—were totally accounted for by those
gﬂzgiﬂc\;{tm'gv\‘:&ggggﬁg%‘fﬂfg ;‘;tcph?rzgt_ clinic visit with the attend'”gpa_tients with a major pancreatic injury who had persistent
pain or pancreatic fluid collections.
An attempt was made to determine whether relative in-
Results experience with the procedure increased the likelihood of a
pancreatic injury. Issues regarding a learning curve bias are
Splenectomies were performed for a variety of pathologioof interest with this operation since anatomic orientation is
conditions, as listed in Table 1. A total of 94 splenectomiesaltered by lateral positioning In fact, there were more pan-
were attempted. Ninety were done laparoscopically andreatic injuries in the four procedures performed most re-
three were done with hand assistance, achieving an operaently as compared to the early half (Table 4).
tive success rate of 99%. One operation was started Routine postoperative serum amylase values were ob-
laparoscopically but converted to open surgery for atained in 61 patients (64%). Eleven of these 61 patients
suspected gastrotomy (conversion rate of 1%). Forty{18%) had elevated values. None of these patients were
six patients (49%) had preoperative CT or ultrasound studknown to have pancreatic disease; therefore, they were con-
ies of the abdomen; splenomegaly was found in 25 of thensidered to have a pancreatic injury. Six of these 11 patients
(54%). had hyperamylasemia without any change in their expected
As seen in Table 1, the most common indication foroutcome; as previously noted, they were defined as having
splenectomy was a hematologic disorder, which was seea minor injury. The remaining five patients with elevated
in 52 cases (55%). This included idiopatic immune trom-postoperative amylase levels had complications referable to
bocytopenic purpura (ITP) in 39 (41%) patients, tromboticthe pancreas.
thrombocytopenic purpurpa (TTP) in three patients (3%), One of these was suspected to have incurred a pancre-
and hemolytic anemia in 14 patients (5%). The other majoatic injury intraoperatively, and a surgical drain was placed.
group was composed of 37 patients (39%) treated foiThis was the only patient with a postoperative drain, and
hematologic malignancy, including lymphoma in 15 casesamylase-rich pancreatic fluid was detected in the drain. The
(15%), leukemia in nine cases (9%), and splenomegalgrain was removed on the day of discharge, day 4, when the
suspected to harbor malignancy in 13 cases (14%). Spleno@utput was <50 cc in the preceeding 24 hs.
megaly was found in a total of 32 patients; 30 of these Two patients had persistent pain in addition to the hy-
procedures (93%) were successfully completed laparoscopperamylasemia, which led to postoperative CT scans of the
cally. abdomen that confirmed the presence of intraabdominal
The mortality and morbidity data are given in Table 2. fluid collections. In one of these patients, the abdominal
Two patients (2%) died from nonpancreatic sepsis. Bothpain resolved and the serum amylase eventually returned to
patients were operated on for hematologic malignancy andormal. This patient was advanced slowly on his diet and
succumbed to overwhelming postsplenectomy infectiondischarged home without drain placement on postoperative
one of fungemia. day 4. The other patient was operated on for a fungal splenic
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Table 3.0utcomes based on presence of pancreatic injury

Mean operating Mean hospital

All patients  Splenomegaly ITP time stay
(n = 94) (n = 32) (n=39) (min) (days)
Uncomplicated 79 23 34 157 2.8
Pancreatic injury 15 ) 5 21@ 6.8
Minor 6 3 2 227 2.8
Major 9 6 3 207 9.8
ap = 0.021
®p = 0.015
°p = 0.001
Table 4.Learning curve Discussion
Total . _ Laparoscopic splenectomy (LS) has supplanted conven-
%@Srci;ia“c M'Sﬁés I’\r’]""t‘jlﬁés Solenomedal tional splenectomy for nearly all indications of elective
(nJ - 15) (nj ~6) (nj ~9) (np: 9) 93Y" splenectomy [2, 3, 4,5, 6, 9, 11, 12, 13, 16]. This transition
is similar to the one seen with laparoscopic cholecystecto-
First half 5 2 3 4 my, although it has occurred at a rapid pace. Over a 3-year
Second half 10 4 6 5 period at our institution, the number of LS has increased

from 17% to 75% of all splenectomies. Factors that have
combined to foster this transition include increased surgeon
facility with laparoscopic techniques, patient acceptance,
abscess in the setting of splenomegaly and acute lymphamproved recovery, and improvements in operative tech-
cytic leukemia (ALL). Persistent coagulopathy prohibited nique. The operative adaptations that have led to the success
aspiration of a postoperative peripancreatic collection, an@f laparoscopic splenectomy are the result of a combination
he succumbed to fungemia. of laparoscopic innovations and product development. Lat-
A fourth patient had persistent pain and hyperamylaseeral positioning [4, 9, 11, 13, 14], hand-assist devices [8],
mia, both of which gradually improved, allowing for dis- and endoscopic staplers [7] have greatly facilitated this
charge on the 3rd postoperative day. The final patient wittchange.
hyperamylasemia was discharged on the 2nd postoperative Our data confirm that pancreatic injury is the most com-
day only to be readmitted 4 days later with an ileus. Man-mon morbidity associated with LS. We purposely used the
agement included nasogastric decompression and intraveroadest definition of pancreatic injury to include uncom-
nous fluids for an additional 7 days. plicated hyperamylasemia. The inclusion of these patients is
In 34 patients, serum amylase levels were not obtainedneant to alert the surgeon to the unsuspected pancreatic
Of these, four (12%) had pancreatic complications mani-manipulation that occurs with the dissection or as a conse-
fested by pancreatic fluid collections. Two of these patientgjuence of stapling the splenic hilum. In our series, only 64%
were readmitted for abdominal pain and found to have noreof patients had serum amylase levels drawn because this
mal serum amylase levels. Abdominal CT scans showed lefivas not routine in our postoperative management early on
upper abdominal fluid collections, which were drained per-in our experience. Unfortunately, we do not know if any of
cutaneously. The fluid was amylase-rich and only requiredhese 33 patients had elevated postoperative levels.
a short period of outpatient drainage. Our review of this LS series indicates that 15% of pa-
The third patient in this group presented with left uppertients will demonstrate some degree of pancreatic injury—
abdominal pain and fever. Examination revealed incisionahalf with simple hyperamylasemia, the others with a com-
erythema and leukocytosis. The incision was opened anglicated course due to the pancreatic injury. This rate of
purulent fluid expressed. When a CT scan of the abdomepancreatic complications is higher than the one that has
was obtained, it showed an intraabdominal abscess, whicheen typically reported for both open splenectomy [1, 2] and
was also drained percutaneously. For the purposes of thisS [3, 5, 12]. Pancreatic complications ranging from 0% to
study, it was presumed to be of pancreatic origin, althougt6% are reported for both, although no prospective analysis
no amylase level was not obtained from the aspirated fluidhas been performed for either operation. All of the asymp-
The patient remained in the hospital for 7 days and wagomatic patients with hyperamylasemia were detected by
discharged home after removal of the drain and the resolu-outine checks of postoperative amylase levels. Obtaining
tion of fever and leukocytosis. this value routinely may be more relevant in this new lap-
The final patient in this group presented with general-aroscopic era owing to the expected rapid discharge of pa-
ized fatigue and fever 7 days following splenectomy fortients, typically on the 2nd postoperative day. In fact, half of
ALL and splenomegaly. A CT scan of the abdomen wasthe patients with a major injury required readmission to
obtained, a fluid collection was found, and a needle aspiraevaluate persistent abdominal pain. None of these patients
tion was performed. The fluid did not appear grossly in-had undergone routine tests of amylase levels, which might
fected and was high in amylase; however, a catheter was nbave alerted the surgeon to a potential problem and altered
placed. Despite negative cultures, the patient ultimately diethe postoperative routine, such as delaying oral intake. Of
from sepsis-associated heart failure. note, the patients with elevated postoperative amylase levels
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and persistent pain had a longer hospital stay due to slowdtollowing all LS, we recommend a routine check of amy-
diet advancement, but none of them developed fluid colleclase levels on postoperative day 1 to alert the surgeon to the
tions or required readmission. possibility of a pancreatic injury. Postoperative manage-
The occurrence of a pancreatic injury must be due toment can then be better tailored to the patient’s clinical
patient disease and/or performance of the operation. Theourse. If the patient’s clinical picture suggests pancreatitis,
only contribution noted to be a factor of preexisting diseasghere should be a slower advancement in diet and most
was the presence of splenomegaly. Patients with splendikely further in-hospital observation.
megaly were significantly more likely to sustain a major
pancreatic complication. Limited exposure to, or broad
splenic hilum is the likely mechanism. Less than ideal
placement of multiple staplers across the hilum in the set-1. Baronofsky ID, Walton W, Noble JF (1951) Occult injury to the pan-
ting of splenomegaly predisposes to injury of the pancreatic  creas following splenectomy. Surgery 29: 852-856

tail. Early use of a hand-assist device in the course of LS for2- Pomini A, Buccarani U, Terrosu G, Corno V, Ermacora A, Pasqual-
ucci A, Bresadola F (1999) Laparoscopic vs open splenectomy in the

splenomegaly may help to minimize this occurrence. management of hematologic diseases. Surg Endosc 13: 1220-1225
Technical factors that may influence the occurrence of 3. Gigot JF, De Ville de Goyet J, Van Beers BE, Reding R, Etienne J,
pancreatic injury include surgeon experience and operative Jadoul P, Michaux JL, Ferrent A, Cornu G, Otte JB, Pringot J, Kestens

; i PJ (1996) Laparoscopic splenectomy in adults and children: experi-
approach. Our data do not show any obvious improvement ence with 31 patients. Ann Surg 119: 384389

with greater experience. Th_iS unexpected ﬁnd.ing is prb' 4. Gossof D (1998) Laparoscopic splenectomy: value of posterior ap-
ably the result of the nonuniform and overlapping position  proach. Ann Chir 52: 940-945
along the learning curve that each of the five surgeons oc-5- Katkhouda N, Hurwitz M, Rivera RT, Chandra M, Waldrep DJ, Gu-

; ; ; ; ; _genheim J, Mouiel J (1998) Laparoscopic splenectomy: outcome and
cupled durlng the StUdy pe”Od' Experience with other ad efficacy in 103 consecutive patients. Ann Surg 228: 568-578

Vanced. Iap_aroscop|c procedures would Pfed'Ct _an 'mPFQVe'e. Klinger PJ, Tsiotos GG, Glaser KS, Hinder RA (1999) Laparoscopic
ment with time, but that has yet to be realized with LS. Itis,  splenectomy: evolution and current status. Surg Laparosc Endosc 9:

however, plausible that the lateral positioning and the use of 1-8 _ _ _ _
staplers, which greatly facilitate the performance of the op- 7- Miles WF, Greig JD, Wilson RG, Nixon SJ (1996) Technique of

- : . - - laparoscopic splenectomy with a powered vascular linear stapler. Br J
eration, may result in an unalterable increase in pancreatic Surg 83: 1212-1214

injuries. This may parallel the experience of bile duct inju- g Naitoh T, Gagner M, Garcia-Ruiz A, Heniford BT, Ise H, Matsun O
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