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REVIEW • REVUE

Dramatic innovations in modern surgical
subspecialties

Innovation is defined as the introduction of something new, whether an idea, method
or device. In this article, we describe the most important and innovative concepts and
techniques that have advanced patient care within modern surgical subspecialties. We
performed a systematic literature review and consulted academic subspecialty experts
to evaluate recent changes in practice. The identified innovations included reduced
blood loss and improved training in hepatobiliary surgery, total mesorectal excision
and neoadjuvant therapies in colorectal surgery, prosthetic mesh in outpatient
surgery, sentinel lymph node theory in surgical oncology, endovascular and wire-
based skills in vascular and cardiovascular surgery, and the acceptance of abnormal
anatomy through damage-control procedures in trauma and critical care. The com-
mon denominator among all subspecialties is an improvement in patient care mani-
fested as a decrease in morbidity and mortality. Surgeons must continue to pursue
innovative thinking, technological advances, improved training and systematic
research.

L’innovation s’entend de l’avènement d’une nouveauté, qu’il s’agisse d’une idée, d’une
méthode ou d’un dispositif. Dans cet article, nous décrivons les concepts et les tech-
niques les plus importants et innovateurs qui ont fait progresser le soin des patients,
dans le contexte des surspécialités de la chirurgie moderne. Nous avons effectué une
recension systématique des écrits et consulté des experts des surspécialités universi-
taires afin d’évaluer les changements récents de la pratique. Les innovations décrites
incluaient une diminution de la perte de sang et une amélioration de la formation en
chirurgie hépatobiliaire, l’excision mésorectale totale et les thérapies néoadjuvantes en
chirurgie colorectale, l’usage de la résille prothétique en chirurgie externe, la théorie
du ganglion lymphatique sentinelle en oncologie chirurgicale, les techniques endovas-
culaires et électroniques de chirurgie vasculaire et cardiovasculaire, ainsi que l’accepta-
tion de l’anatomie anormale par des interventions visant à limiter les dégâts en trau-
matologie et en soins intensifs. Le dénominateur commun entre toutes les
sur spécialités réside dans une amélioration du soin des patients démontrée par une
diminution des taux de morbidité et de mortalité. Les chirurgiens doivent continuer à
diriger leurs efforts vers la réflexion novatrice, les progrès technologiques, l’améliora-
tion de la formation et la recherche systématique.

I nnovation is defined as the introduction of something new, whether an
idea, method or device.1 In the modern surgical era, this process ideally
occurs via a graduated system of original thinking, surgical ingenuity and

rigorous research. Whereas the best of these innovations have the potential to
incite major shifts in paradigm (change the basic assumptions within the ruling
theory of science2), most do not achieve this end point. Although they may not
attract the same attention as true paradigm shifts (i.e., the introduction of
anesthesia, antisepsis techniques and medications, organ transplantation,
laparoscopy), these other innovations are vitally important in the evolution of
each surgical subspecialty.

The absolute number of peer-reviewed publications specific to a new inno-
vation is often considered an indicator of its relative contribution. Unfortu-
nately, quantitative analysis is not always the most precise method of identify-
ing the techniques or concepts that result in important evolutionary steps
within surgical subspecialties. As a result, we used a combination of literature

Chad G. Ball, MD, MSc*

Francis Sutherland, MD†

Andrew W. Kirkpatrick, MD†‡

Elijah Dixon, MD†

Anthony R. MacLean, MD†

Lloyd A. Mack, MD†

David V. Feliciano, MD*

Ravi R. Rajani, MD*

Riyad Karmy-Jones, MD§

W. Donald Buie, MD†

Walley J. Temple, MD†

Grace S. Rozycki, MD, MBA*

Alan Simeone, MD§

From the *Departments of Trauma,
Surgery and Critical Care, Grady Memorial
Hospital, Emory University, Atlanta, Ga.,
the Departments of †Surgery and 
‡Critical Care Medicine and the Trauma
Program, Foothills Hospital, University 
of Calgary, Calgary, Alta., and the
§Department of Vascular Surgery, 
Southwest Washington Medical Center, 
Vancouver, Wash.

Accepted for publication
Feb. 9, 2009

Correspondence to:
Dr. C.G. Ball
Department of Surgery
University of Calgary
Foothills Medical Centre
1403-29 St. NW
Calgary AB  T2N 2T9
ball.chad@gmail.com

drama-ball.qxp_Layout 1  9/15/10  8:44 AM  Page 335



reviews, as well as extensive discussions with subspecialty
academic surgeons about the modern innovations that have
most significantly impacted their current practice of hepa-
tobiliary, colorectal, outpatient, surgical oncology, vascu-
lar, cardiovascular, trauma and critical care surgery.

HEPATOBILIARY SURGERY

Resective hepatobiliary (HPB) surgery was undertaken
very infrequently and often with great trepidation in the
1960s and ’70s. A collective multi-institutional review by
Foster and Berman3 in 1977 outlined a 20% perioperative
mortality rate for all major resections. Twenty percent of
these deaths were a direct result of massive hemorrhage.
As a consequence of the rich vascularity of the liver (dual
inflow via the portal vein and hepatic artery with venous
outflow via the hepatic veins), bleeding has always been
the major problem encountered during resective liver
surgery. Blood loss during hepatectomy results in numer-
ous difficulties, including reduced visualization of key
structures, increased transfusion of blood products and
organ failure leading to death. Allogenic blood transfu-
sions are also immunosuppressive and may increase both
short- and long-term morbidity and mortality and the risk
of cancer recurrence.4–7

Improvements in outcomes following hepatic surgery are
the result of many factors, including better patient selection,
anesthesia modifications, refined operative techniques, a
more thorough understanding of hepatic anatomy, increased
use of parenchymal-sparing resections and improved prepa-
ration of the future remnant liver using preoperative portal
vein embolization and/or biliary decompression in patients
with jaundice. The formation of HPB surgery as a defined
area of subspecialization within general surgery,8–10 coupled
with a plethora of evidence over the past decade that hepatic
and pancreatic surgery are some of the most sensitive opera-
tions to the volume–outcome relation,11–14 represent the pri-
mary reasons that HPB surgery is now largely performed in
high volumes at specialized centres.8,10 As a consequence,
surgeons currently receive training in HPB surgery via
structured fellowships (surgical oncology, HPB, liver trans-
plantation, upper gastrointestinal), as opposed to being self-
taught, as was the case for most operators performing
hepatic and pancreatic surgery the 1970s and ’80s.

The 2 primary factors that have minimized operative
blood loss during hepatectomy are the implementation of a
low operating central venous pressure (CVP) and the judi-
cious use of appropriate hepatic inflow and outflow occlu-
sion.11,15–19 These techniques have allowed surgeons to per-
form complex liver resections with minimal blood loss.
Inflow occlusion (Pringle manoeuvre) to the liver results in
the complete arrest of bleeding from branches of the portal
vein and hepatic artery. The cost of inflow occlusion is
ischemic insult suffered by the liver and a concomitant
increase in the risk of postoperative hepatic insufficiency.20–22

Outflow occlusion, or total vascular exclusion, is used to
control all blood flow into and out of the liver.23 In general,
intermittent inflow occlusion, or the use of ischemic precon-
ditioning,24 is a safe technique to decrease operative blood
loss. Total vascular exclusion should be reserved for patients
with large deep tumours abutting the hepatic veins and
patients with elevated CVPs. The use of a low CVP signifi-
cantly decreases blood loss from injuries to the very fragile
hepatic veins during parenchymal transaction. The judicious
use of inflow occlusion in conjunction with a low operating
CVP has revolutionized the safety of hepatic resections. 

Major HPB surgery now results in mortality rates below
5%,11–14 and complicated multivisceral resections can be
performed with acceptable morbidity and mortality in
selected patients.25

COLORECTAL SURGERY

As the sentinel disease in colorectal surgery, rectal cancer
has undergone the most significant change in manage-
ment within this subspecialty. This includes both the
widespread adoption of total mesorectal excision (TME)
as the standard of care as well as the use of neoadjuvant
chemoradiation for locally advanced disease.

Total mesorectal excision involves careful dissection in
the areolar tissue outside the fascia propria of the rectum
and mesorectum while preserving the hypogastric nerves
(sympathetic) and nervi erigentes (parasympathetic).26 This
technique is generally reserved for lesions of the mid and
distal rectum, because more proximal lesions typically
undergo a resection of the mesorectum for a length of 5 cm
beyond the tumour. Although this technique was practised
by numerous surgeons before 1982, it was widely popular-
ized by Heald,26–28 who reported a very low recurrence rate
using TME alone in the treatment of rectal cancer. Heald
then spent considerable time and effort to help establish its
widespread adoption.29,30 This work was the impetus for
many surgeons to adopt the principles of TME into the care
of their own patients. As a consequence, TME has resulted
in a significantly reduced rate of rectal cancer local recur-
rence. More specifically, comparisons of standard and TME
surgery have shown a decrease in local recurrence from
14%–39% with standard surgery to 4%–10% with TME.31,32

Whereas adjuvant radiation and chemotherapy have
improved outcomes in the treatment of locally advanced
rectal cancer, recent studies have also shown advantages of
neoadjuvant therapy. When combined with traditional non-
TME surgery, preoperative radiation decreases local recur-
rence from 21%–46% to 11%–36%.33–35 The Dutch Rectal
Cancer Trial found that the addition of preoperative short-
course radiation to TME decreased local recurrence from
10.9% to 5.6%.36 The German Rectal Cancer Study also
recognized the importance of preoperative long-course
chemoradiation (local recurrence rates of 6% in the preop-
erative treatment cohort v. 13% in the postoperative
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group).37 Finally, early unpublished results from the Med-
ical Research Council–CR07 trial (MRC-CR07) comparing
short-course preoperative radiation to selective postopera-
tive chemoradiation again showed a decrease in the 3-year
local recurrence (4.7% in the preoperative arm v. 11.1% in
the postoperative group).38 As a consequence, the use of
neoadjuvant radiation or chemoradiation in addition to
TME as the standard surgical approach in patients with
stage 2 or 3 rectal cancer has resulted in a quantum leap
forward in the management of rectal cancer.

OUTPATIENT SURGERY

Although the very concept of dividing “general surgery”
into smaller subspecialty units can be considered a surgical
innovation, inguinal hernia repair remains the most com-
mon operation performed worldwide by the general
surgery community. The evolution of this procedure is
rich in history, and its innovators include many of the
most significant names in surgery. Almost 100 years ago,
Bassini’s description of an anterior repair using primary
tissue closure of the hernia defect laid the groundwork for
future surgeons to refine.39 Despite many of these ad -
vances, the recurrence rate for an inguinal hernia repair
remained at about 10%.40

Over the past 15 years, however, the introduction of
implantable prostheses has forced a fundamental change in
the way this disease is approached. Popularized by the
work of Lichtenstein in the early 1990s, mesh implantation
addressed both major problems with primary tissue repairs:
first, tension was removed from the suture line, and sec-
ond, collagen-poor primary tissue was no longer the
strength-containing layer. Lichtenstein’s modifications
revolutionized the management of inguinal hernia repair,
with most general surgeons subsequently adopting some
form of his procedure. This tension-free repair was easy to
learn, suitable for multiple hernia types, allowed earlier
return to normal patient function and had a recurrence
rate of less than 1%.41

With the transition to tension-free mesh repair, a new
set of procedure-related adverse effects has arisen. Posth-
erniorrhaphy pain syndromes have become increasingly
prevalent and difficult to manage.42 The most feared poten-
tial complication following mesh implantation, however, is
infection. Fortunately, the last 15 years have also seen sev-
eral improvements in the prevention of surgical infection
with the use of perioperative antibiotics. As a result, the
infection rate is currently less than 2% in most series.43

The concept of tension-free hernia repair using an
implantable prosthetic has recently been applied to herniae
outside the inguinal canal. The current preferred method
of managing ventral,44 femoral,45 spigelian,46 hiatal47 and
obturator48 hernias is with mesh. The development of com-
ponent separation for repair of large ventral defects is also
an extension of the tension-free repair, albeit without

mesh. Finally, mesh implantation has allowed laparoscopic
hernia repair to become a viable option.49 These innova-
tions have resulted in improved clinical outcomes includ-
ing reductions in recurrence rates and postoperative pain
levels, as well as an earlier return to normal activity.

SURGICAL ONCOLOGY

Recent innovations in the field of surgical oncology
include aggressive, multimodality and potentially curative
treatment of stage 4 disease (abdominal pseudomyxoma or
carcinomatosis from appendix and colorectal cancer50,51);
minimally invasive surgery for intra-abdominal malignan-
cies;52 and neoadjuvant multimodality regimes to convert
potentially unresectable, locally advanced disease (gas-
trointestinal stromal tumours) to resectable lesions (down-
staging).53,54 The most pervasive innovation in surgical
oncology, however, has been the evolution from formal
elective/staging lymphadenectomy for breast cancer and
melanoma to sentinel lymph node biopsy (SLNB). Be -
cause breast cancer is the most common malignant disease
among American women and melanoma has one of the
highest increases in annual incidence rates,55 this shift has
had a tremendous epidemiologic impact. It is also particu-
larly striking because it has occurred via a rationale ap -
proach to scientific inquiry that has included numerous
level 1 multicentre randomized trials.

The sentinel lymph node (SLN) is considered the first
site of lymphatic spread for malignant disease.56 The SLN
hypothesis states that the identification and analysis of the
SLN for metastatic involvement should predict the status of
the remaining regional lymph node basin. Because a large
proportion of patients with breast cancer and melanoma do
not have lymph node metastases, most patients receive no
staging or therapeutic benefit from the removal of unin-
volved nodes. Furthermore, associated morbidity as well as
the difficulty for a pathologist to thoroughly focus on multi-
ple nodes for tumour burden is not insignificant.57 Fol -
lowing the development of blue dye and gamma probe
radio active tracer detection,58,59 SLNB has been used with
in creasing frequency. A large meta-analysis found 69 trials
with 8059 patients published between 1970 and 2003.60

In patients with breast cancer, the high accuracy and
low rate of false-negative results with the SLNB has been
confirmed in trial comparisons of various combinations of
SLNB and axillary lymph node dissections (ALND).61–63

Preliminary results from the National Surgical Adjuvant
Breast and Bowel Project B-32 (NSABP B-32) trial also
suggest that overall survival is similar.62 Results from a
large randomized trial of SLNB in malignant melanoma
(Multicentre Selective Lymphadenectomy Trial-1
[MSLT-1]) had similar accuracies (95.3%).64 Furthermore,
the incidence of SLN involvement was 16% in 764 pa -
tients randomly assigned to the SLNB arm,65 which
 compared with a clinical lymphatic recurrence of 15.6%
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among the 500 patients in the observation arm. Finally, the
5-year survival rate was higher among patients with
SLNB-positive disease treated by ALND compared with
those who underwent delayed ALND at time of clinical
recurrence in the observation arm.65 Other multicentre tri-
als are ongoing.

Sentinel lymph node biopsy has also met its goal of
avoiding the major morbidity associated with standard axil-
lary lymphadenectomy in breast cancer. Patients undergo-
ing SLNB alone had less pain, numbness and lymphedema,
as well as improved arm mobility compared with those in
the ALND groups.63,66 These patients also had significantly
better scores in physical and mental function66 and quality
of life.67 Most recently, a large multicentre trial reported
adverse surgical effects in 25% of the SLNB group com-
pared with 70% of those in the ALND group.68 The Sun-
belt melanoma trial (2564 patients) also found reduced
rates of seroma, hematoma, lymphedema and overall com-
plications with SLNB.69

In breast cancer, SLNB has nearly replaced routine axil-
lary lymphadenectomy in clinically node-negative patients.70

Despite caveats of minimal procedure volume thresholds
before a surgeon should adopt SLNB alone, it is now in
widespread use. Seventy-seven percent of all respondents to
a random 2001 survey reported performing SLNB in
patients with invasive breast cancer.71 More recently, data
from Cancer Surgery Alberta’s operative database suggest
that about 90% of breast cancer patients are being staged
with SLNB. 

The SLNB procedure has shifted the treatment of
melanoma even more dramatically. It is part of the Ameri-
can Joint Committee on Cancer’s cancer staging manual
and leads to improved staging of patients with intermediate
thickness melanoma.72 As a result, elective lymphadenec-
tomy for the staging and treatment of melanoma has essen-
tially been abandoned.73 Sentinel lymph node biopsy is also
now being studied in virtually all solid malignancies with a
risk of lymph node metastases (colon, vulvar, anal, merkel
cell, head and neck).57,74–78

VASCULAR AND CARDIOVASCULAR SURGERY

Fundamental innovations in modern vascular surgery
include the introduction of endovascular repair for
abdominal aortic aneurysms (EVAR), management of
peripheral vascular pathology with catheter-based tech-
niques and training system modifications required to teach
these radically new technologies. As a result, there is a
growing consensus that vascular surgery should no longer
be considered a subspecialty of general surgery but should
instead involve an independent pathway to certification.
With the advent of endovascular approaches as an option
for the management of thoracic aneurysms (TEVAR), car-
diac surgeons are now facing the same dilemma. Interest
in TEVAR has also been stimulated by the development

of percutaneous approaches to aortic and mitral valve
replacement, as well as the decrease in coronary artery
bypass procedures. This overlap calls into question the
degree to which cardiac surgery will reintegrate with vas-
cular training.

While it is clear that EVAR is now an accepted approach
to managing abdominal aortic aneurysms (including rup-
tures) and that TEVAR is a viable alternative for treating
both thoracic atherosclerotic aneurysms and emergencies
(including traumatic aortic rupture and complicated acute
descending dissection),79–81 vascular surgery recognized the
increasing role of catheter-based interventions relatively
early. Over 15 years ago, independent skills were sought out
not only to maintain relevance as a specialty but also to pro-
vide optimal patient care within a single setting.82,83 In 2001,
a marked reduction in open infrarenal repairs of abdominal
aortic aneurysms over the preceding 5-year period was
noted to have occurred concurrently with an increase in
EVAR.84 Between 2000 and 2005, a typical vascular fellow’s
experience in interventional procedures increased from 15
to more than 200, with nearly 50% of all procedures being
interventional rather than open surgical reconstructions.85

Concern about how to maintain adequate open surgical
case volumes in the modern training environment is signifi-
cant.82 International endovascular requirements for achiev-
ing competence in certified training programs have recently
been established.86 The recommended case mixes should be
equally divided among the 4 major vascular beds (aortoiliac/
brachiocephalic, abdominal visceral and renal, infrainguinal,
cerebral), and 5 catheter-directed peripheral thrombolytic/
ectomy cases should be completed. There have also been
specific recommendations for obtaining skills and certifica-
tion among senior surgeons with extensive operative skills
who did not have the opportunity to obtain interventional
or endovascular training during their fellowships.87

As cardiac surgery evolves to embrace TEVAR, there
has been an obvious diversion from their colleagues in car-
diology, interventional radiology and vascular surgery.
Cardiac surgery emphasizes the importance of operative
skills, years of clinical experience in managing a wide vari-
ety of thoracic pathologies, and understanding the biology
and natural history of thoracic aortic disease.88 Although
not completely dismissive of these factors, the other spe-
cialties place more emphasis on broad-based catheter skills.
There is a growing number of cardiac surgeons who have
embraced “complete” catheter and wire skill training to
eliminate this potential for conflict.89 Many training pro-
grams also now incorporate dedicated “cath-lab” time as
part of an active aortic centre.

TRAUMA AND CRITICAL CARE

Although the role of computed tomography and its subse-
quent impact on nonoperative therapy for solid organ
injury undoubtedly represents a massive innovation, the
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use of the “damage control” philosophy among critically
injured patients is also regarded as a revolutionary advance
in the thought and practice of surgery.90 Damage control
describes a constellation of approaches to surgical prob-
lems that lie beyond immediate local capabilities and
patient physiology. More specifically, this philosophy
requires a staged approach to life-threatening surgical
issues.91,92 A damage control or “abbreviated” laparotomy
constitutes hemorrhage control, prevention of enteric
spillage and a ready acceptance of planned reopera-
tions.91,92 Because the procedure must be accomplished
quickly to avoid exhausting the patient’s physiologic
reserve, it is resource-intensive and demands that the sur-
geon be sound in technique and judgment.

Despite the many potential techniques and devices that
can be used in a damage-control scenario, the fundamental
innovation is really the acceptance of abnormal anatomy
(intraperitoneal packs, blind-ended bowel loops, prosthetic
vascular shunts, open abdomen) in an attempt to preserve
patient physiology.93 The classic conduct of surgery is inter-
rupted to prioritize physiologic rather than anatomic repair.
Although this physiologic-focused repair phase is often con-
ducted in the intensive care unit, it may also be performed
in the operating room if necessary. At the highest level, this
goal requires accepting an aberrant state to prevent iatro-
genic harm and is therefore a modern day revitalization of
the timeless injunction to all physicians: primum non
nocere.94,95 When viewed from this perspective, other critical
care innovations, such as accepting hypercapnia in severe
obstructive lung diseases and acute lung injury,96,97 following
a low hemoglobin level98 and not rewarming patients with
isolated severe head injuries (i.e., without truncal hemor-
rhage)99 are simply different manifestations of this same
tenet. In each of these instances, markedly abnormal physi-
ology is accepted because randomized trials have shown
worse outcomes when “normal” physiology and biochem-
istry are sought. Although methodologically sound trials
involving surgical emergencies are difficult to perform and
fraught with controversy,100 they remain crucial to providing
better and not just “normal” care.

CONCLUSION

Examples of recent innovations critical to the evolution of
general surgical subspecialties include reduced blood loss
and improved training in HPB surgery, TME resection
and neoadjuvant therapies in colorectal surgery, the use of
prosthetic mesh in outpatient hernia surgery, SLN theory
and biopsy techniques in surgical oncology, endovascular
skills in vascular and cardiovascular surgery and the accep-
tance of abnormal anatomy through damage-control pro-
cedures in trauma and critical care. The common denomi-
nator among all subspecialties, however, is the resultant
improvement in patient care. This has most often been
manifested as a decrease in morbidity and mortality.

Whereas the introduction of surgical innovation into sub-
specialties rich in tradition is often cautious, surgeons
must continue to pursue unique thinking, technological
advances, improved training and systematic research.
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