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Abstract ectomy should be considered for all patients with benigr
Background: Laparoscopic adrenalectomy has rapidly adrenal neoplasms.
gained widespread acceptance for treatment of benign adr

. R’ey words: Laparoscopic adrenalectomy — Outcome date
nal neoplasms. A number of authors have compared various "~ ¢ analysis data — Benign adrenal neoplasms — In

anatomic approaches to laparoscopic adrenalectomy, CorB'atient length of stay — Perioperative complications —
paring length of inpatient stay, transfusion requirements,].ransfusion requirements

and perioperative complications. Separate studies have
found inpatient stay reduced 40—60% with the use of lapa-=

roscopic adrenalectomy vs. an open procedure. Previouslv. th ical ht t of beni
Methods:There have been no studies designed specifically '¢V'0Us'y, th€ surgical approach to management of benig
nd malignant adrenal neoplasms involved a large surgic

to examine and compare perioperative morbidity, length oftNna ! d extensive di ton | der t ol |
stay, and patient charges in patients undergoing laparosco icision and extensive dissection in order 1o salely reac

ic adrenalectomy. This report examines the Johns Hopkin€nd excise a small retroperitoneal structure. The anteric
Hospital experience with laparoscopic adrenalectomy in 2 ransapdpmlnalll app(;c;ach, u?lngt.elthefr t% tran?v ersg dor mi
patients, comparing length of stay, perioperative morbidity,'ml3 |nc!t3|on,da owef or %X? oration Of ﬁ enr|]re a otml—
and patient charges. These data are compared with tho§g! cavily and was lavored 1or cases of pheochromocytom

seen in 17 patients undergoing open adrenalectomy withiﬁpdd Iar_?he adre_nalt:]umor_s. Although thehmr(])rl?;]dityt/ asst(r)]ci-
our institution and 70 patients at all other nonfederal hos&€d WIth & major thoracic incision was high, the transtho
pitals in the state of Maryland racic approach provided the widest exposure for explora

Results:Outcomes after laparoscopic versus open adrena{-ion' and was used to resect large tumors of the retroper
ectomy were compared. Resumption of diet (1.6 vs. 6.toneum. Finally, the posterior retroperitoneal approact
days), independent activity (1.6 vs. 7.9 days), inpatienp
length of stay (1.7 vs. 7.8 days), and total hospital patien(E.I teral h lasi
charges ($8,698 vs. $12,610) were all significantly reduce |a_|_ehra dyperga af5|a_. mallv invasive techni H

in patients undergoing laparoscopic adrenalectomy at oyy . ' '€ @dvent of minimally invasive techniques has revo
institution. Similar findings were obtained when our datalUtionized the field of surgery. The successful application o
were compared against adrenalectomy performed at oth paroe_ndo_scoplc techniques to cholecystectomy, Nisse
hospitals within the state of Maryland. Length of stay (1.7 undoplication, and nephrectomy has proved advantageot

vs. 8.9 days) and total hospital patient charges ($8,698 V§ompared with open techniques with regard to postoperativ

$13,867) were both significantly reduced compared to stater-norbidity' Laparoscopic adrenalectomy clearly exemplifies

wide data in patients treated with laparoscopic adrenalf"nOther successful application of minimally invasive tech-

ectomy. nigues to an organ that is relatively inaccessible due to it

ConclusionsAlthough a technically challenging procedure, Ioca_tIEir?nf!n ttr|1e retroperi_ton((ajum. lect ‘ db
laparoscopic adrenalectomy provides clear advantages ovgr € lirst laparoscopic adrenalectomy was performed b:

rovided direct, but limited, access for approaching smal
drenal tumors, and was commonly employed in cases

open procedures for the vast majority of adrenal neoplasmg?"- Lamar Snow (Mobile, AL, USA), and the first report of

; ; he anterior approach to laparoscopic adrenalectomy we
Our data support the conclusion that laparoscopic adrena )
PP P P reported at the Second International Congress of Endc

scopic Surgery (1992, Bordeaux, France) by Dr. Josep
- Petelin (personal communication, Dr. Petelin). Subse
Correspondence taR. Udelsman quently, the lateral approach to laparoscopic adrenalecton
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was published by Gagner et al. in 1992 [6], in patients with 10
Cushing’s syndrome and pheochromocytoma. Since the ini- 9 { [ wraparoscopic
tial report, this procedure has been performed with increas- 8| mopen

ing frequency, and the world literature has grown to nearly 7

200 reports of the application and modification of this pro- y ¢ |
cedure. Subsequent reports describe expanded indicationg, 5 |
alternative approaches to the adrenal gland, and refinemengs , |
in laparoendoscopic techniques. It seems likely that the lap-
aroscopic technique will become the preferred procedure for
the majority of adrenalectomies.

The indications for laparoscopic adrenalectomy have
expanded, allowing this technique to be used for virtually all
nonmalignant neoplasms of the adrenal gland. Recent re-
views suggest that tumor size and malignancy remain the

significant limiting factors to laparoscopic resection [1, 5, _. .
13, 16]. Fig. 1. Frequency of open versus laparoscopic adrenalectomy.
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In skilled hands, transition to laparoscopic adrenalecto-
my has reduced transfusion requirements and postoperative _ ,
patient recovery times. Patients with glucocorticoid- Table 1.Patient demographics

producing adrenal tumors represent increased technic@lemographics Laparoscopic (%) Open (%)
challenges and risk for postoperative morbidity and mortal

ity due to their large deposition of fat, poor tissue quality, Male 6 (30) 6 (32)
and metabolic abnormalities. Avoidance of a large incisio ermgle 1163(§3605)) 1153((7698))

in these patients by using laparoscopic techniques, con, . 3(15) 2 (11)
bined with ultrasound visualization and safe use of the arother 1(5) 2 (11)

gon-beam coagulator [9, 23], have resulted in reductions in
morbidity and mortality [3, 8, 9, 23]. Likewise, laparoscopic
resection of pheochromocytomas, with the attendant risk of
hemodynamic instability, has met with excellent success [1Table 2.Indications for adrenalectomy
2, 6-8, 10, 11, 14, 15, 17, 18, 20-22]. . . )
L 1' 1 b L 1 ’ L ; 3 D L O
Various authors have compared different anatomic ap- 1agnosis aparoscopic pen

proaches to laparoscopic adrenalectomy [1, 2, 16], examincushing’s adrenal adenoma 3 0

ing, among other parameters, patient length of stay an@ushing's disease 1 0

perioperative complications. Guazzoni and Rutherford [11Nonfunctioning 4 5
Pheochromocytoma 4 7

19] also found t_hat_ patie_nts undergoing laparoscopic adregs; cag secreting adrenal adenoma 1 1
nalectomy require inpatient stays that are 40—60% shortef|qosteronoma 7
than those undergoing an open procedure. To date, howevetancer 0
studies designed specifically to examine and compare perther 0
operative morbidity, length of stay, and patient charges in' ®2'S 20
patients undergoing laparoscopic adrenalectomy have N@j{eas, dehydroepiandrosterone.
shown significant differences in all areas when comparing
open and laparoscopic adrenalectomy [12].
This report reviews the initial series of laparoscopic ad-
renalectomies performed at the Johns Hopkins Hospital, angdoing attempted laparoscopic resection and the remainir
examines comparisons of length of stay, perioperative morl7 undergoing standard open procedures. Two patients r
bidity, and patient charges. These data are analyzed arglired conversion from laparoscopic to open procedures. A
compared with findings for patients undergoing open adrethe intended treatment for these patients was the laparoscc
nalectomy at our institution. Comparisons were also madéc procedure, they were analyzed with the laparoscopi
with adrenalectomies performed at all other nonfederal hostreatment group. Of the remaining 20 patients, 65% wer:
pitals in the state of Maryland. female 6 = 13) and 35% were malen(= 7). Their ages
ranged from 15 to 69 years, with a mean of 44.4 + 14.2
years. Patient demographic data are described in Table
Patients The indications for adrenalectomy are depicted in Table 2
The state of Maryland has compiled and maintained ¢
Our series examined laparoscopic adrenalectomy for a vadatabase of diagnosis, patient charge, and clinical outcon
riety of adrenal neoplasms compared with transabdominatjata for all admissions to all 52 nonfederal hospitals in the
transthoracic, or retroperitoneal open adrenalectomy duringtate. All hospitals included are required to submit these
the period from September 1992 through July 1997. Thelata directly to the state database, designated as the Hea
first laparoscopic adrenalectomy performed at our institu-Services Cost Review Commission (HSCRC) database
tion took place in 1994. Figure 1 shows the frequency ofwhich is blinded to prevent disclosure of patient or surgeor
both open and laparoscopic procedures during this intervaidentity. We analyzed this database for patients undergoin
This study included 39 patients, with 22 patients under-open adrenalectomy during the period subsequent to 199
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Our review provided 70 patients who were analyzed in com-19
parison with the outcome and patient charge at our hospital |

8 4
Methods 7

Laparoscopic
[ Open

To assess potential function of an adrenal mass, a detailed history and |
physical examination was performed before operation, with careful detail 5 1
paid to systemic symptoms, changes in vital signs, and alterations in body, |
habitus and skin. Detailed review of imaging studies was undertaken to
determine the location, size, and extension of the adrenal mass. 3
In patients without clinical signs and symptoms of hormonal excess, 2 4
biochemical screening was employed to detect aldosteronomas, pheochroy |
mocytomas, and glucocorticoid-producing adrenal adenomas. In patients
with hormone-producing adrenal tumors, preoperative treatment was un-9 -

| B

dertaken during the weeks before the operation, including use of alpha- and  LOS (days) Diet (days)  Activity OR Time LOS
beta-receptor-blocking agents in patients with pheochromocytomas and (days) (hrs) (HSCRC)
correction of metabolic derangements in patients with Cushing’s syndrome

and aldosternonomas. Fig. 2. LOS, diet, activity, and OR time comparison. LOS (length of stay),

With the exception of patients with pheochromocytomas, patients with-diet (days until resumption of regular diet), activity (days until resumption
out significant comorbid pathology, were admitted to the hospital on theof regular activity), OR (operating room), HSCRC (Health Services Cost
morning of surgery. Patients undergoing open adrenalectomy received fulReview Commission).
bowel preparation using polyethylene glycol solution. Those undergoing
laparoscopic adrenalectomy required limited bowel preparation and re-

ceived Flpeet_’s enemhashthe Qight before Surger}’_anﬁ Of(‘j the 2122”;]”9 dfive period was uneventful. However, his preoperative my-
surgery. Patients with pheochromocytoma were initially admitte our : ; ;
before surgery to ensure adequate intravenous volume expansion. We h Sogathles necessitated a prolonged hospital stay (58 day:

al e e

subsequently admitted these patients on the morning of surgery. On the day of tr?-nSfer' to a rehabilitation faC”'t}/v he was
Open adrenalectomies were performed by an abdominal, thoracoafound unresponsive. His lengthy stay and hospital charge

dominal, or retroperitoneal approach, as determined by tumor size, locagrgse largely from his preexisting debilitation, and not his

tion, and functional status. All laparoscopic adrenalectomies were per- : : : .
formed by the transperitioneal lateral approach described previously [4—80pera‘tlve procedure. His operative times and charges we

24]. After induction of general endotracheal anesthesia, a nasogastric tugeot Significantly differe'nt from those of other patier_lts
and Foley catheter were inserted, and in selected cases, notably thotkeated with laparoscopic adrenalectomy. No other patient

involving pheochromocytoma, an arterial line and central venous accesgere excluded. There were no other patients in any grou

was established. . - . -~
At the conclusion of both open and laparoscopic procedures, patientg\”th similar preoperative morbidity.

were admitted to the recovery room for observation before transfer to .A single pat[ent with severe_preoperative anemi.a, re
general surgical floors. Postoperative intensive care was reserved for pgiuired a two-unit blood transfusion after laparoscopic ad

tients experiencing severe symptoms from their endocrine tumors, particwena|ectomy_ The intraoperative blood loss was estimated t
Iarjlghi;:r)‘eggaigt;a\{\ilgzts?oorly controlled pheochromocytomas and severelybe less than 10_0 ml. TWO patients un_dergoing open adre

nalectomy required 4 units and 16 units of blood, respec
tively.

The mean length of stay for laparoscopic adrenalectom
No postoperative complications occurred within the groupwas significantly shorter than that of patients treated witt
of patients who underwent laparoscopic adrenalectomyopen adrenalectomy (1.7 + 1.0 days vs. 7.8 + 6.7 days,
Three patients experienced postoperative complications aB.0001), representing an improvement over previously re
ter open adrenalectomy. One patient developed fat necrosjsorted series [1, 16, 19]. Patients resumed regular diet (1.
and wound-edge dehiscence that was successfully treated1.0 days vs. 6.1 + 6.9p < 0.0001) and independent
with packing. One patient experienced urinary retention afactivity (1.6 + 1.0 days vs. 7.9 + 7.3 days< 0.0001), much
ter removal of pheochromocytoma, requiring several daysooner after laparoscopic adrenalectomy than patients in tf
of urinary bladder decompression without further sequelaeopen group. Independent activity was based on the patient
Finally, one debilitated female patient with metastatic adre-ability to ambulate, provide their own personal care, anc
nal adenocarcinoma required a prolonged period to bgeed themselves without assistance. There was no signif
weaned successfully from the ventilator, and eventually recant difference in operative times between the laparoscop
quired a tracheostomy. After discharge, she was readmitteaihd open groups. These data are summarized in Fig. 2.
with an intra-abdominal fluid collection that was drained. As managed care has assumed an increasing role affes

There was no mortality during the perioperative perioding surgeons’ care decisions, issues of patient cost fre
in either group. However, the aforementioned patient withquently arise. Laparoscopic surgery has previously bee
metastatic adrenal adenocarcinoma succumbed to her disriticized as overly expensive due to reliance on sophisti
ease at home 47 days after open adrenalectomy. One patiafited operating room equipment, the frequent use of dis
treated with laparoscopic adrenalectomy during the studyosable instrumentation, and prolonged operative times
period was excluded from our analysis. This patient pre-Accordingly, we compared patient charges relating to bott
sented with ongoing profound Cushing’s disease after failedghe operative procedure and total hospitalization in patient
trans-sphenoidal resection of a pituitary adenoma. This praindergoing laparoscopic adrenalectomy. The operatin
sentation was complicated by severe steroid-induced myogoom charges were similar for both laparoscopic and ope
athy that rendered him too weak to move or sit in bedadrenalectomy ($3,501 + $727 vs. $3,317 + $1,821), respe
unassisted. He underwent bilateral laparoscopic adrenaletively. However, comparison of total hospitalization charges
tomy without complication, and his immediate periopera-revealed laparoscopic adrenalectomy to be significantly les

Results
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$16,000 morbidity than open procedures performed for the sam
SLaparoscopic indications. Although several previous series have exarr

EOpen ined postoperative stay, complications, and measures

$12,000 perioperative pain in open versus laparoscopic procedure
our series is the first designed to compare these procedur

8,000 directly for operating room and total hospital patient

charges in addition to patient length of stay and resumptiol
of diet and activity. The HSCRC database offers a powerfu
tool for comparison of our results with those obtained in all
nonfederal hospitals within the state of Maryland.

We have shown that laparoscopic adrenalectomy resul
in significantly decreased time required for patients to re-
OR Charges Total Charges HSCRC Data sume a regular diet and independent activity. Also, inpatien
length of stay is shorted nearly fivefold. Issues of resourc:
use and cost containment are becoming more frequent
managed care continues to have an impact on surgical pra
tice. Although laparoscopic procedures have previousl
. been regarded as “equipment and OR expensive,” in com
expensive than the open procedure ($8,698 + $1,739 V$aring open and laparoscopic procedures, we did not fin
$12,610 + $12,656p = 0.03). These results are summa- gjgnificant differences in either operating room charges o
rized in Fig. 3. , operating time. However, as a result of markedly reduce

Finally, using the data provided by the HSCRC data-psgpital stays and fewer postoperative complications, tot:
base, we compared the results of our laparoscopic adrenglygpitalization charges are significantly reduced.
ectomies with open procedures performed among the 52 comnarisons of procedures within a single institution

other nonfederal hospitals located in the state of Maryland ; ; ; ) i
i .“can be complicated by issues relating to surgeons’ technic
Because the HSCRC database does not provide detailel ang bias in selection of procedures. The Maryland

patient histories, demographics, or se_lection criteria, PascRC provides a valuable database of “blinded” proce-
tients were analyzed solely on the ba§|s .Of CPT procgduraure cost, and outcome data for the other hospitals in ot
codes for adrenalectomy. This analysis yielded 70 patient ' '

. . tate. Comparison of our series against the HSCRC databa
who underwent adrenalectomy during the period from 19942 X o o SR
through 1996. These data were analyzed for postoperativ(‘éonf'”’nS the findings within our own institution.

length of stay, operating room charges, and charges for the.thEVflluzt'og of ne¥y sutLglcaI _procedugesf in Cﬁ{np%r]lsor
entire hospitalization and compared with our laparoscopi Ith standard operative therapies can beé fraught with po
adrenalectomy series. ential for bias. Ideally, new procedures should be prospec

The mean length of stay for laparoscopic adrenalectom)tr'vely analyzed wnh randomized studies. However, in the
was significantly shorter than that of patients in the HSCRCS@S€ Of laparoscopic adrenalectomy, outcomes observed
database with open adrenalectomy (1.7 + 1.0 days vs. 8.9 W€ first mastered the procedure were so profoundly im
5.3 daysp < 0.0001). Although operating times for patients Proved over those with open adrenalectomy that we coul
in the HSCRC database were unknown, comparison of opr_1ot (_ath|cally propose randomized treatment for patients witl
erating room charges revealed no significant difference be?enign adrenal neoplasms.
tween laparoscopic adrenalectomy at Johns Hopkins and the Historically, open adrenalectomy for pheochromocy-
HSCRC data ($3,501 + $727 vs. $2,831 + $1,593, resped®ma has been associated with higher morbidity and lengt
tively). Finally, comparison of patient charges for the entire0f stay. In our study, more patients with pheochromocyto:
hospitalization revealed that our laparoscopic series waBas had been treated with open than with laparoscopic a
significantly less expensive than those included in the€nalectomy. However, reanalysis of our data excluding pa
HSCRC data ($8,968 + $1,739 vs. $13,867 + $8,456, tients with pheochromocytomas had no significant impac
0.0001), as summarized in Fig. 2 and 3. on in differences in length of stay, resumption of activity, or

total patient charges. Likewise, because most authors agr
that laparoscopic adrenalectomy should be reserved for b
. nign adrenal neoplasms, reanalysis of our data to excluc
Conclusions the four patients treated for cancer in the open group had r
significant impact on the differences in all categories exam

Since its introduction in 1992, laparoscopic adrenalectomyned.
has been embraced as the operative procedure of choice for Laparoscopic adrenalectomy is a technically challeng
a variety of functioning and nonfunctioning benign adrenaling procedure that should be undertaken only by surgeor
neoplasms. During the 5 years after its introduction, thevhose sufficient experience with retroperitoneal anatomy
world literature has increased to nearly 200 reports, providallows them to convert to open procedures when requirec
ing insight and analysis for the selection and refinement ofn addition, it is essential that surgeons managing thes
operative technique as well as the application of this propatients have a sound grounding in the management of e
cedure to a broadening range of patients. docrine disease. Laparoscopic adrenalectomy should no

Laparoscopic adrenalectomy appears to be a safe, welbe considered for removal of all benign neoplasms of the
tolerated procedure, with significantly less perioperativeadrenal gland.

Fig. 3. Patient charges for operating room and total hospitalization.
HSCRC, Health Services Cost Review Commission.
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