Harmonic Scalpel® vs. Electrocautery
Hemorrhoidectomy: A Prospective

Evaluation

David N. Armstrong, M.D., F.R.C.S., Wayne L. Ambroze, M.D,,
Marion E. Schertzer, M.D., Guy R. Orangio, M.D.

From the Georgia Colon and Rectal Surgical Clinic, Atlanta, Georgia

INTRODUCTION: Management of posthemorrhoidectomy
pain remains a very unsatisfactory clinical dilemma. Com-
pared with electrocautery and laser, the Harmonic Scalpel®
causes minimal lateral thermal injury during tissue dissec-
tion. PURPOSE: The aim of the study was to establish
whether decreased lateral thermal injury translated into
diminished posthemorrhoidectomy pain. METHODS: A pro-
spective randomized trial comparing Harmonic Scalpel®
hemorrhoidectomy and electrocautery was undertaken.
Fifty consecutive patients were randomized into two
groups: Harmonic Scalpel® and electrocautery hemorrhoid-
ectomy. The indications included Grade Il internal hemor-
rhoids with external components or Grade IV disease. Pa-
tients with additional anorectal pathology (fissure or fistula)
were excluded, as were patients with neurologic deficits,
chronic pain syndrome, and those already taking narcotic
analgesics. Pain was assessed using a visual analog scale
preoperatively and on postoperative Days 1, 2, 7, 14, and
28. Twenty-four-hour narcotic usage (Hydrocodone, 10 mg)
was recorded on postoperative Days 1, 2, 7, 14, and 28. A
three-quadrant modified Ferguson hemorrhoidectomy was
performed with each patient in the prone jackknife posi-
tion. RESULTS: Pain in the Harmonic Scalpel® hemorrhoid-
ectomy group was significantly less than in electrocautery
patients on each postoperative day studied. Analgesic re-
quirements were also significantly less in the Harmonic
Scalpel® group on Days 1, 2, 7, and 14. There was no
correlation between postoperative pain and grade of hem-
orrhoid, status of the surgical incision (open vs. closed), or
any other study variable. Fifty-five percent of Harmonic
Scalpel® patients returned to work within one week of
surgery, compared with 23 percent of electrocautery pa-
tients. CONCLUSION: The study demonstrates significantly
reduced postoperative pain after Harmonic Scalpel® hem-
orrhoidectomy compared with electrocautery controls. The
diminished postoperative pain in the Harmonic Scalpel®
group likely results from the avoidance of lateral thermal
injury. [Key words: Hemorrhoidectomy; Postoperative pain;
Postoperative analgesia; Harmonic Scalpel®]
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urgical hemorrhoidectomy is a notoriously pain-
ful procedure. Much research over the last two
decades has concentrated on reducing posthemor-
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rhoidectomy pain resulting from these surgical inci-
sions. Research has been concentrated in three areas:
analgesic delivery during the postoperative period;
modification of the technique of surgical hemorrhoid-
ectomy; and the use of a variety of surgical instru-
ments (most notably laser) in the hopes of decreasing
postoperative pain.*™

Alternatives to traditional oral narcotic analgesics
for postoperative pain have included subcutaneous
morphine infusion,* transdermal fentanyl,” and par-
enteral Toradol® (Roche, Nutley, NJ) administration.”
Modifications of the surgical technique have included
open, semiopen,6 and closed incisions,” routine per-
formance of lateral internal sphincterotomy,? and the
use of stapling devices” (both linear and circular). No
technique has been conclusively demonstrated to be
superior.'® % Laser hemorrhoidectomy gained wide-
spread publicity but has never been conclusively
demonstrated to be superior to conventional hemor-
rhoidectomy.**™° Nd:YAG lasers are more effective
coagulators but produce significant thermal injury.
CO, lasers are effective cutting instruments and pro-
duce less thermal injury, but they provide poor he-
mostasis. Consequently, a combination of both lasers
is sometimes necessary to complete the procedure, a
cumbersome and expensive undertaking.'®

The rationale for evaluating the use of the Har-
monic Scalpel® (Johnson & Johnson Medical KK,
Ethicon Endo-Surgery, Cincinnati, OH) for surgical
hemorrhoidectomy lay in the relatively low tempera-
tures at which the Harmonic Scalpel® divides tissue,
compared with laser and electrocautery.*® *! This re-
sults in a decreased lateral thermal injury. The Har-
monic Scalpel® divides tissue using high-frequency
ultrasonic energy, which disrupts protein hydrogen
bonds within the tissue. Blood vessels are coapted
and sealed by denatured proteins in the vessel lumen.
The relatively low temperature (80°C) at which this
takes place results in minimal thermal injury (<1.5
mm). In contrast, both electrocautery and laser divide
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tissue by a process of thermal coagulation, which
results in a significant lateral thermal injury, or burn,
several millimeters deep. It was considered that
avoiding or minimizing the lateral thermal injury may
translate into decreased posthemorrhoidectomy pain
after Harmonic Scalpel® hemorrhoidectomy. This ra-
tionale prompted a prospective evaluation of postop-
erative pain and narcotic analgesic requirements after
Harmonic Scalpel® hemorrhoidectomy vs. electrocau-
tery controis.

MATERIALS AND METHODS

Fifty patients requiring surgical hemorrhoidectomy
were prospectively randomized into one of two
groups: the Harmonic Scalpel® and electrocautery
groups. The indications for the hemorrhoidectomy in
cach patient were either Grade III, symptomatic in-
ternal hemorrhoids in association with large external
components or prolapsed, thrombosed, Grade IV
hemorrhoids. The presence of additional anorectal
pathology such as fissure- or fistula-in-ano was ex-
cluded from the current study. Patients with neuro-
logic deficit (paraplegia or previous cerebrovascular
accident) or chronic pain syndrome and patients al-
ready taking narcotic analgesics were also excluded.
Informed consent was obtained from all patients.
Four surgeons (the listed authors) participated in the
study.

The technique of surgical hemorrhoidectomy was
standardized in each case. The patient was placed in
the prone jackknife position under general anesthe-
sia, local anesthesia plus intravenous sedation (local
monitored anesthesia care), or spinal anesthesia. A
modified Ferguson three-quadrant hemorrhoidec-
tomy was performed in each patient, using either the
Harmonic Scalpel® or electrocautery. The technique
of Harmonic Scalpel® hemorrhoidectomy is the same
as electrocautery, except that the Harmonic Scalpel®
uses the “scissor” configuration (Coagulating Shears®
model). Patients requiring a one-, two-, or four-quad-
rant hemorrhoidectomy were excluded from the
study. The surgical incisions were closed in the ma-
jority of patients; however, depending on the surgical
anatomy, some were left open where appropriate.
Management of the incision was individualized in
each patient, and the status of the surgical defect
(open vs. closed) was recorded. The variables in Ta-
ble 1 were recorded for each patient.

Postoperative pain was evaluated by means of a
visual analog scale, which was explained to the pa-
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Table 1.
Patient Demographics and Study Variables
Harmonic Electrocautery
Variable Scalpel® (n = 25) P Value
(n = 25)
Age (yr) 492 + 43.6 + 1.6* NS
2.6

Gender NS
Male 13 12
Female 12 13

Previous surgery NS
Yes 2 3
No 23 22

Grade NS
il 20 24
vV 5 1

Incision NS
Open 8 4
Closed 17 21

Preoperative pain 4.0 = 29 = 0.7 NS

0.6*

NS = not significant.

Two-sample t-test was used io test ages between
groups; chi-squared test was used for gender; Fisher’s
exact test was used for grade, previous surgery, and
incision; Wilcoxon’s rank-sum test was used for preop-
erative pain.

* Values are mean * standard error of the mean.

tient during the preoperative history and physical
examination. The pain was evaluated by a score of 0
(no pain) to 10 (very severe pain). The patient was
asked to evaluate the pain both preoperatively and on
postoperative Days 1, 2, 7, 14, and 28. Postoperative
analgesic requirements were evaluated by prescribing
a standard narcotic analgesic thydrocodone, 10 mg by
mouth every four to six hours as needed). The pa-
tients were asked to keep a careful record of the
number of narcotic analgesics required during each
24-hour period on postoperative Days 1, 2, 7, 14, and
28. This was recorded on the patient information
sheet. Patients were seen at two weeks and four
weeks postoperatively, and the completed data sheets
were collected at the four-week visit.

Mean pain scores for each study day in each group
were compared using Wilcoxon’s rank-sum test. In
addition, preoperative pain scores were subtracted
from postoperative pain scores in each patient to
derive a “net” pain score for each postoperative day.
These were then compared using Wilcoxon’s rank-
sum test. The numbers of narcotic analgesics required
in each group were compared using a two-sample
t-test.
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RESULTS

Twenty-one patients were excluded from the study
because of coexisting anorectal disease (fissure or
fistula) or neurologic or cognitive impairment Chemi-
plegia or stroke). The remaining study patients in
each group were enrolled chronologically (from date
of surgery). The first 25 patients from each group
were used to compare the two procedures. This num-
ber was based on the results of a previous pilot study
(with ten patients in each group), which revealed
statistical significance at most, but not all, postopera-
tive days studied. No patient was lost to follow-up.

Patient demographics are summarized in Table 1.
The two groups were comparable in terms of age and
gender distribution. Similarly, there was no significant
difference between the groups in admission status,
type of anesthesia, grade of hemorrhoid, previous
anorectal surgery, or incision status. Preoperative
pain experienced by the patients was similar between
the two groups. Postoperative pain was significantly
less in the Harmonic Scalpel® group on Days 1, 2, 7,
14, and 28 (Fig. 1). “Net” postoperative pain scores
were also significantly lower in the Harmonic Scal-
pel® group on each of the postoperative days (Fig. 2).

The number of narcotic analgesics required per
24-hour period was significantly lower in the Har-
monic Scalpel® group on Days 1, 2, 7, and 14, By Day
28, there was no significant difference between the
groups (Fig. 3). There was no significant correlation
between postoperative pain and hemorrhoidal grade
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Figure 1. Pain scores (visual analog scores (VAS)) before
(pre op) and after Harmonic Scalpel® and electrocautery
hemorrhoidectomy. Preoperative pain was similar be-
tween the two groups. Harmonic Scalpel® patients expe-
rienced significantly less pain than electrocautery con-
trols on all postoperative days (P < 0.01, Wilcoxon’s
rank-sum test).
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Figure 2. Net pain scores (postoperative scores minus
preoperative scores) after Harmonic Scalpel® and elec-
trocautery hemorrhoidectomy. Harmonic Scalpel® pa-
tients experienced significantly less postoperative pain
than electrocautery controls (P < 0.01, *P < 0.05, Wil-
coxon’s rank-sum test). VAS = visual analog.
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Figure 3. Analgesic requirements after Harmonic Scal-
pel® and electrocautery hemorrhoidectomy. Harmonic
Scalpel® patients required significantly fewer narcotic an-
algesics on postoperative Days 1, 2, 7, and 14. By Day
28, no significant difference existed between the groups
{**P < 0.01, *P < 0.05, Wilcoxon’s rank-sum test).

(Grade III or IV), incision status (open us. closed), or
any other study variable.

Approximately half of the patients reported full-
time employment (18 in the Harmonic Scalpel® group
and 13 in the electrocautery group). There was great
variability in time taken off work, ranging from one
day to two months in the Harmonic Scalpel® group
and three days to three months in the electrocautery
group. Because of the small number of patients in-
volved, statistical analysis was not performed. To ex-
amine time off work in a qualitative manner, the
percentage of patients in each group requiring one,
two, three, or more than three weeks off work was
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calculated and is summarized in Table 2. Fifty-five
percent of patients in the Harmonic Scalpel® group
returned to work within one week, compared with 23
percent in the electrocautery group. Sixteen percent
of Harmonic Scalpel® patients required more than
three weeks off work, compared with 23 percent in
the electrocautery group.

One patient in the Harmonic Scalpel® group devel-
oped utinary retention requiring a Foley® catheter
(Bard Urological Co., Covington, GA) for 36 hours, No
patient in either group experienced a postoperative
hemorrhage requiring surgical intervention.

DISCUSSION

Surgical hemorrhoidectomy is generally reserved
for symptomatic, Grade III internal hemorrhoids with
external components or for Grade IV hemorrhoids.
For internal hemorrhoids alone (Grade I, 11, or IID),
less invasive means of hemorrhoidal fixation are ap-
propriate.** These may include rubber band ligation,
cryoablation, or infrared coagulation. Fixation proce-
dures can be performed in the office, require little if
any time off work, and are much less painful than
surgical hemorrhoidectomy. If fixation procedures are
attempted in the presence of external components,
the resulting venous congestion produces painful en-
gorgement of the external hemorrhoid, which fre-
quently requires urgent surgical hemorrhoidectomy.
The combination of external hemorrhoids and Grade
I or IV hemorrhoids is therefore most effectively
treated by excision of the hemorrhoidal complex,®
The obvious disadvantage of surgical hemorrhoidec-
tomy is the postoperative pain resulting from the
surgical defect in the sensitive perianal skin and ano-
derm. Much of this discomfort may arise from the
thermal injury from the use of electrocautery or laser.

The list of new surgical technologies claiming to
decrease posthemorrhoidectomy pain is long. Most of
the reported benefits escape formal prospective ran-
domized evaluation. The hype surrounding other
technologies, lasers being a case in point, continues
long after any benefits have been discounted or dis-
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proved.” This long and unhappy history of new
methodologies in hemorrhoidectomy would make
most cautious authors think twice before making re-
newed pronouncements on yet another new technol-
ogy. The current authors are no exception to this.

The Harmonic Scalpel® possesses the unique ad-
vantage of causing very little lateral thermal injury.
The device divides tissue by means of high-frequency
(55,000 Hz) ultrasonic energy transmitted between
the instrument blades. The active blade of the instru-
ment vibrates longitudinally against an inactive blade
over an excursion of 50 to 100 microns.*® One edge of
the active blade is relatively sharp, for cutting, and the
other is blunt, for coagulation purposes. The scalpel is
activated by a foot control, containing a pedal for
“full” power mode, used for cutting, and a second
pedal for “variable” power mode, for coagulation. The
blades are opened and closed using a scissor grip:
increased force applied to the grip increases the
speed of cutting. A total of four combinations of blade
setting and power mode are therefore available,
which, together with variable force applied to the
grip, provide a range of cutting and coagulation prop-
erties. Using the sharp blade, on “full” power mode,
and applying a firmer grip to the scissor handle max-
imize cutting. Coagulation is maximized using the
blunt blade, “variable” power mode, and a light grip.
The performance of the scalpel in each of these cir-
cumstances requires some practice and experience.

The rationale for using the Harmonic Scalpel® in
performing surgical hemorrhoidectomy was the con-
cept that a decreased lateral thermal injury (0-1.5 mm
deep) at the surgical site may translate intoc decreased
postoperative pain. Studies examining the depth of
thermal injury using porcine small bowel mesentery
reported a lateral thermal injury up to 240 um to 15
mm deep using monopolar electrocautery, whereas
bipolar electrocautery caused tissue injury from 120
pm to 9 mm deep. CO, laser creates an injury 60 pm
to 4 mm deep, and Nd:YAG creates an injury 300 pwm
to 4.2 mm deep.?

During the early stages of the evaluation, it soon

Table 2.
Time Off Work in Harmonic Scalpel® and Electrocautery Groups
Time Off Work <1 week 1-2 weeks 2-3 weeks >3 weeks Total
Harmonic Scalpel® 10 (565%) 5 (28%) 0 3(17%) 18 (100%)
Electrocautery 3 (23%) 4 (31%) 3 (23%) 3 (23%) 13 (100%)

Fifty-five percent of Harmonic Scalpel® patients were able to return to work within a week, compared with 23 percent

in the electrocautery group.
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became apparent that patients undergoing Harmonic
Scalpel® hemorrhoidectomy experienced much less
pain than their electrocautery counterparts. One pa-
tient in particular, a middle-aged male, underwent
Harmonic Scalpel® hemorrhoidectomy for symptom-
atic Grade III hemorrhoids. The patient had under-
gone a previous (incomplete) conventional hemor-
rhoidectomy some ten years earlier. This individual,
who was in a unique position to evaluate both forms
of hemorrhoidectomy, insisted that the pain experi-
enced after the Harmonic Scalpel® procedure was
dramatically less than his prior experience. A pilot
study was conducted to compare the Harmonic Scal-
pel® hemorrhoidectomy with electrocautery, and the
clinical impression was confirmed by the results of the
pilot study. This prompted a more formal prospective
evaluation, which is reported here. The significant
reductions in both the postoperative pain experi-
enced by the Harmonic Scalpel® patients and the
analgesic requirements reflect an overall decrease in
posthemorrhoidectomy pain in the Harmonic Scal-
pel® group. These results confirm the initial concept
that the elimination of a lateral thermal injury does
indeed translate into significantly less postoperative
pain. An obvious comparison could be made between
hemorrhoidectomy using “cold steel” scalpel or scis-
sor hemorrhoidectomy and electrocautery. If bleeding
sites are individually ligated, a time-consuming and
infrequent surgical practice, no thermal injury what-
soever is imparted. Under these circumstances, pos-
themorrhoidectomy pain would be expected to com-
pare to that in the Harmonic Scalpel® group or even
improve on it. More often, however, supplemental
electrocautery is used to a greater or lesser extent
during scissor hemorrhoidectomy to coagulate indi-
vidual bleeders. In contrast, a hypothetical argument
may be raised concering the “painless” nature of
deep (third-degree) burns resulting from the destruc-
tion of dermal pain fibers. The deep burn of electro-
cautery is sometimes invoked as a potentially benefi-
cial feature, resulting in less pain than an equivalent
“nonthermal” scalpel or scissor incision. However,
this argument defies the everyday clinical experience
of observing the discomfort, surrounding inflamma-
tion, and healing time of a “clean” surgical incision
compared with that of a deep thermal burn.

CO, lasers also cause a less extensive lateral ther-
mal injury than Nd:YAG, but they have poor hemo-
static properties. Laser enthusiasts will point to the
CO, lasers as an equivalent modality to the Harmonic
Scalpel®, albeit with less hemostatic properties. Laser
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proponents may interpret the results of the current
study not as a unique benefit of the Harmonic Scal-
pel®, but as a demonstration of the obsolescence of
electrocautery. The only means for evaluating this is
prospective randomized evaluation among the Har-
monic Scalpel®, laser, and possibly a third cold steel
arm.

The current study includes only Grade III internal
hemorrhoids in association with external components
or Grade IV hemorrhoidal disease. Accordingly, vari-
ability introduced by operating on lesser grade hem-
orrhoids (which would normally be treated by fixa-
tion techniques) is avoided. This avoidable source of
variability is a frequent criticism leveled at previous
similar studies. The exclusion of coexisting anorectal
pathology (fissure or fistula) makes the current study
groups a homogenous population of advanced hem-
orrhoidal disease. Exclusion of patients with neuro-
logic deficit or chronic pain syndrome and of patients
currently taking narcotic analgesics avoided variabil-
ity in assessing pain.

In the current study, no statistical association was
found among the status of the surgical incision, open
vs. closed, and postoperative pain. This contrasts with
the findings of Neto et al.® who found a greater
requirement for oral narcotics in the early and late
postoperative period after “open” hemorrhoidectomy
than after “semiopen” procedures. In a similar study,
Ho et al’ reported no difference in postoperative
pain scores between “open” and “closed” procedures.
Neto ef al.® reported a longer healing time (25.2 days)
in “open” patients, compared with 12.2 days in “semi-
open” controls. Contrary results were reported by Ho
et al.,” who described longer healing times in “closed”
patients (6.9 weeks) compared with “open” proce-
dures (4.9 weeks). Postoperative complications were
similar in each group, but minor problems (e.g., pru-
ritus) tended to be more frequent in the “open” pro-
cedures.

Time off of work is a very imprecise measure of
evaluating posthemorrhoidectomy recovery, Approx-
imately half of the patients in either group worked
full-time or part-time. There was great variability in
time off work in each group, ranging from one day to
three months. This probably reflects the social and
employment circumstances of the individuals, rather
than a measure of postoperative recovery. However,
55 percent of Harmonic Scalpel® patients returned to
work within one week, compared with only 23 per-
cent in the electrocautery group. Three patients in
each group (17 percent of the Harmonic Scalpel®
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group and 23 percent of the electrocautery group)
reported taking in excess of three weeks off work.
Although it is inappropriate to extrapolate this find-
ing, this may reflect an easier postoperative recovery
for the Harmonic Scalpel® patients, enabling an ear-
lier return to work when the social and employment
circumstances permit.

During the course of the evaluation, several distinct
advantages and disadvantages of the Harmonic Scal-
pel® became evident. One of the main advantages, as
illustrated during the current study, was less postop-
erative pain after Harmonic Scalpel® hemorrhoidec-
tomy and the need for fewer postoperative narcotic
analgesics. The second attractive feature of the Har-
monic Scalpel® hemorrhoidectomy is the excellent
hemostasis during the procedure. Hemostasis is ac-
complished by coaptation of the vessels, which are
sealed by denatured proteins. During hemorrhoidec-
tomy, hemostasis was most readily established using
the blunt edge of the blade and using the “variable”
power mode. This combination was generally used
for the internal hemorrhoidal component, this being
the most vascular portion of the dissection. The sharp
edge of the blade and “full” power mode were gen-
erally used for the external components to afford
optimum cutting ability through the thicker perianal
skin. Because of the less vascular nature of the tissue,
the coagulation mode was generally not necessary
during the dissection of the external hemorrhoid.

In contrast with electrocautery hemorrhoidectomy,
very little smoke is generated by the Harmonic Scal-
pel®. A local water vapor is generated, which is easily
removed in adjacent suction and does not permeate
as far as electrocautery smoke. This is a plus for the
entire operating room staff. Having mastered the char-
acteristics of the Harmonic Scalpel®, surgical hemor-
rhoidectomy by an experienced surgeon becomes a
much easier and more expeditious procedure. The
excellent hemostasis offered by the Harmonic Scal-
pel® permits an efficient excision of the hemorrhoidal
tissue without the need to establish hemostasis from
multiple bleeding sites.

One of the early drawbacks of Harmonic Scalpel®
hemorrhoidectomy was the presence of a definite
learning curve for the procedure. The Harmonic Scal-
pel® takes slightly longer than electrocautery to divide
the hemorrhoidal tissue. This calls for patience and
the avoidance of undue traction on the surgical spec-
imen, which is an almost instinctive reaction to the
slower rate of cutting. Undue traction on the surgical
end of the specimen inevitably results in bleeding
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from the lead point of the dissection. The design of
the earlier models of handsets for the Harmonic Scal-
pel® proved clumsy and unwieldy during surgical
hemorrhoidectomy with the patient in the prone jack-
knife position. The blades in these models were rel-
atively thick and straight, obscuring the line of vision,
especially during dissection of the internal hemor-
rhoid from the internal sphincter. Later designs of the
Harmonic Scalpel® with thinner and curved blades
have eliminated this problem and provide better vi-
sualization of the surgical anatomy.

The significant disadvantage with the Harmonic
Scalpel®, as has been noted with all new technolo-
gies, is the extra expense incurred. The list price of
the disposable hand piece of the Coagulating Shears®
model is approximately $350 and represents a direct
addition to the cost of the procedure. The generators
cost approximately $15,000 each, and, because each
scalpel requires its own generator, only one Har-
monic Scalpel® procedure can be performed at any
given time, unless multiple generators are purchased.
The remainder of the instrument is sterilized by auto-
clave. Similar cost concermns were raised by Senagore
et al® during the evaluation of Nd:YAG laser hem-
orrhoidectomy. In Senagore ef al’s 1993 study," use
of the Nd:YAG laser added an additional $480 per
case. Significantly, the same study found no decrease
in posthemorrhoidectomy pain in the laser group but,
ironically, noted longer healing times. In contrast, the
current study demonstrates improved outcomes after
surgery and suggests less time lost from work, thus
providing significant financial benefits to justify the
additional expense.

The current study demonstrates a significant de-
crease in postoperative pain after Harmonic Scalpel®
hemorrhoidectomy and provides a promising avenue
for future research. These results must, however, be
reproduced by other investigators before a definitive
role for the Harmonic Scalpel® can be established.
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