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Some 70 years ago, this Atlas was created to document proven and safe operative techniques in 
common use by general surgeons. Many improvements and changes have occurred in the previous 
eight editions, but two revolutionary ones were the refi nement and popularization of stapling devices 
about 30 years ago and the creation of laparoscopic minimally invasive procedures around 1990. 
Th e fi rst off ered a quick, uniform solution to hand-sewn anastomoses of varying quality, whereas 
the latter, fueled by successful laparoscopic cholecystectomy, resulted in signifi cantly faster and 
less painful recovery by patients. Th ese two techniques are now joined in full fl ower in this edition 
wherein what was considered advanced laparoscopic technique just a decade ago is now in common 
use and taught in most surgical residency training programs.

Accordingly, the authors have now added these procedures to the Atlas. Th ey include the following 
laparoscopic operations: right and left  colectomy, distal pancreatectomy with splenic preservation, 
right and left  adrenalectomy, bariatric Roux-en-Y gastric bypass, and adjustable gastric banding, 
plus transabdominal preperitoneal (TAPP) and totally extraperitoneal (TEP) inguinal hernia repair, 
along with a new laparoscopic anatomy plate for the inguinal region. Additionally, three frequently 
performed minor but key operations are documented in the chapters on arteriovenous fi stula for 
dialysis access, subclavian and internal jugular venous access with port placement, and percutaneous 
dilational tracheostomy. Numerous updates to all text and plates have been done, while the chapters 
on minor rectal procedures, hand infections, tendon repair, and skin graft ing have undergone major 
revisions.

Our publisher, McGraw-Hill, has also experienced signifi cant advances in printing and in elec-
tronic communication of medical information. Improved printing and binding now allow the Atlas 
to contain over 500 pages, thus overcoming a historic barrier that forced us to delete older operations 
in order to make room for new ones in each succeeding edition. Additionally, color processing and 
printing technology have advanced such that our medical illustrators, Marita Bitans and Jennifer 
Smith, have added color to both old and new plates for improved anatomic clarity in more lifelike or 
realistic settings. For the previous edition, only the text was computerized. However, for this ninth 
edition, the Internet has also been used extensively with computer processing of the art work, FTP 
transfers of megabyte art fi les, and nearly 1,000 e-mails and video conferencing among the authors 
and artists. McGraw-Hill also has ventured into new forms of electronic media. Th e Atlas is available 
now via the online site AccessSurgery and it may even be downloaded as individual chapters on your 
hand-held Internet device.

As Dr. Cutler graciously allowed his original coauthor to continue on aft er him, so my father 
did with me. Now it is my turn. Dr. E. Christopher Ellison has become the new coauthor who will 
continue the Atlas. Dr. Ellison is the other son of the Z-E syndrome. He is the Robert M. Zollinger 
Professor and Chair of the Department of Surgery at the Ohio State University Medical Center. He 
has accepted the Atlas and its migration back to Columbus and the OSU Department of Surgery, 
where Dr. Zollinger Senior nurtured the Atlas for over 40 years. Of additional historic note, all of 
Dr. Zollinger’s papers plus the text and artwork from all earlier editions are now archived in the 
Medical Heritage Center within the OSU Prior Health Sciences Library. Th ese materials are cata-
logued and available online.

Finally, every edition of the Atlas has been enabled and facilitated by the support of the faculties 
of the Colleges of Medicine and staff  of the authors’ departments of surgery. Th e Peter Bent Brigham 
Hospital at Harvard was followed by the Ohio State University and then Case Western Reserve with 
its University Hospitals of Cleveland. Now the Ohio State University once again has assumed this key 
supporting role. Th e authors would like to acknowledge the many surgeons and physicians whose 
contributions, advice, critical evaluations, comments, and proofi ng were truly invaluable. In par-
ticular, the authors wish to recognize Mark W. Arnold, P. Mark Bloomston, Jeff rey H. Boehmler IV, 
Ginny L. Bumgardner, Charles H. Cook, Elizabeth A. Davies, William B. Farrar, Jeff rey M. Fowler 
(OB-GYN), Gayle M. Gordillo, Gregory E. Guy (Radiology), Alan E. Harzman, Jeff rey W. Hazey, 
Mitchell L. Henry, Eric H. Kraut (Internal Medicine/Hematology and Oncology), W. Scott Melvin, 
Dean J. Mikami, Susan Moff at-Bruce, Peter Muscarella, Bradley J. Needleman, William L. Smead, 
Jordana L. Soule, Steven M. Steinberg, Patrick S. Vaccaro, Cecilia S. Wang, and David A. Zvara (Anes-
thesia). In addition, the authors would not have been able to prepare this edition without the secre-
tarial assistance of M. Renee Troyer and Internet support provided by Jerome A. Johnson. Finally, the 
staff  at McGraw-Hill has provided invaluable overall guidance and support and the authors would 
like to acknowledge in particular their medical editors Marsha S. Gelber and Robert Pancotti.

Robert M. Zollinger, Jr., MD
E. Christopher Ellison, MD
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1

CHAPTER I 

SURGICAL TECHNIQUE

Asepsis, hemostasis, and gentleness to tissues are the bases of the surgeon’s 
art. Nevertheless, recent decades have shown a shift  in emphasis from the 
attainment of technical skill to the search for new procedures. Undoubtedly, 
this attitude resulted from the extraordinary increase in the application of 
surgical methods to new fi elds. Historically, such a point of view led to an 
unremitting search for new procedures when results were unsatisfactory, 
although faulty technique rather than the procedure itself was the cause of 
failure. Now that all regions of the body have been explored, it is appropri-
ate to stress the important relationship between the art of surgery and suc-
cess in surgical therapy. Th e growing recognition of this relationship should 
reemphasize the value of precise technique.

Th e technique described in this book emanates from the school of 
 surgery inspired by William Stewart Halsted. Th is school, properly charac-
terized as a “school for safety in surgery,” arose before surgeons in  general 
recognized the great advantage of anesthesia. Before Halsted’s teaching, 
speed in operating was not only justifi ed as necessary for the patient’s 
safety but also extolled as a mark of ability. Despite the fact that anesthesia 
aff orded an opportunity for the development of a precise surgical tech-
nique that would ensure a minimum of injury to the patient, spectacular 
surgeons continued to emphasize speedy procedures that disregarded the 
patient’s welfare. Halsted fi rst demonstrated that, with careful hemostasis 
and  gentleness to tissues, an operative procedure lasting as long as 4 or 
5 hours left  the patient in better condition than a similar procedure per-
formed in 30 minutes with the loss of blood and injury to tissues attendant 
on speed. Th e protection of each tissue with the exquisite care typical of 
Halsted is a diffi  cult lesson for the young surgeon to learn. Th e preop-
erative preparation of the skin, the draping of the patient, the selection of 
instruments, and even the choice of suture material are not so essential as 
the manner in which details are executed. Gentleness is essential in the 
performance of any surgical procedure.

Young surgeons have diffi  culty in acquiring this point of view because 
they are usually taught anatomy, histology, and pathology by teachers using 
dead, chemically fi xed tissues. Hence, students regard tissues as inanimate 
material that may be handled without concern. Th ey must learn that living 
cells may be injured by unnecessary handling or dehydration. A review of 
anatomy, pathology, and associated basic sciences is essential in the daily 
preparation of young surgeons before they assume the responsibility of 
performing a major surgical procedure on a living person. Th e young sur-
geon is oft en impressed by the speed of the operator who is interested more 
in accomplishing a day’s work than in teaching the art of surgery. Under 
such conditions, there is little time for review of technique, discussion of 
wound healing, consideration of related basic scientifi c aspects of the sur-
gical procedure, or the criticism of results. Wound complications become 
a distinct problem associated with the operative procedure. If the wound 
heals, that is enough. A little redness and swelling in and about wounds 
are taken as a natural course and not as a criticism of what took place in 
the operating room 3 to 5 days previously. Should a wound disrupt, it is 
a calamity; but how oft en is the suture material blamed, or the patient’s 
condition, and how seldom does the surgeon inquire into just where the 
operative technique went wrong?

Th e following detailed consideration of a common surgical procedure, 
appendectomy, will serve to illustrate the care necessary to ensure success-
ful results. Prior to the procedure, the verifi ed site of the incision is marked 
with the surgeon’s initials by the operating surgeon. Th en the patient is 
transferred to the operating room and is anesthetized. Th e operating table 
must be placed where there is maximum illumination and adjusted to pres-
ent the abdomen and right groin. Th e light must be focused with due regard 
for the position of the surgeon and assistants as well as for the type and 
depth of the wound. Th ese details must be planned and directed before the 

skin is disinfected. A prophylactic antibiotic is administered within 1 hour 
of the skin incision and, in uncomplicated cases, is discontinued within 
24 hours of the procedure.

Th e ever-present threat of sepsis requires constant vigilance on the part 
of the surgeon. Young surgeons must acquire an aseptic conscience and dis-
cipline themselves to carry out a meticulous hand-scrubbing technique. A 
knowledge of bacterial fl ora of the skin and of the proper method of prepar-
ing one’s hands before entering the operating room, along with a sustained 
adherence to a methodical scrub routine, are as much a part of the art of 
surgery as the many other facets that ensure proper wound healing. A cut, 
burn, or folliculitis on the surgeon’s hand is as hazardous as the infected 
scratch on the operative site.

Th e preoperative preparation of the skin is concerned chiefl y with 
mechanical cleansing. It is important that the patient’s skin be shaved 
immediately before operation; perferably in the operating suite aft er anes-
thetization. Th is eliminates discomfort to the patient, aff ords relaxation 
of the operative site, and is a bacteriologically sound technique. Th ere 
should be as short a time lapse as possible between shaving and incision, 
thus preventing contamination of the site by a regrowth of organisms or 
the possibility of a nick or scratch presenting a source of infection. Th e 
skin is held taut to present an even, smooth surface as the hair is removed 
with power-driven disposable clippers. Th e use of sharp razors to remove 
hair is discouraged.

Obviously, it is a useless gesture to scrub the skin the night before opera-
tion and to send the patient to the operating room with the site of incision 
covered with a sterile towel. However, some surgeons prefer to carry out a 
preliminary preparation in elective operations on the joints, hands, feet, 
and abdominal wall. Th is involves scrubbing the skin with a cleansing agent 
several times a day for 2 or 3 days before surgery.

In the operating room, aft er the patient has been properly positioned, 
the lights adjusted, and the proper plane of anesthesia reached, the fi nal 
preparation of the operative site is begun. Th e fi rst assistant scrubs, puts 
on sterile gloves, and completes the mechanical cleansing of the opera-
tive site with sponges saturated in the desired solution. Th e contemplated 
site of incision is scrubbed fi rst; the remainder of the fi eld is cleansed with 
concentric strokes until all of the exposed area has been covered. Th e skin 
should appear fl ushed, indicating that the desquamating epithelium has 
been thoroughly removed and the germicides are eff ective. As with all tinc-
tures and alcohols used in skin preparation, caution must be observed to 
prevent skin blisters caused by puddling of solutions at the patient’s side 
or about skin creases. Similarly, electrocardiographic (ECG) and cautery 
pads should not be wetted. Some surgeons prefer to paint the skin with an 
iodine-containing solution or a similar preparation.

A transparent sterile plastic drape may be substituted for the skin towels 
in covering the skin, avoiding the necessity for towel clips at the corners of 
the fi eld. Th is draping is especially useful to cover and wall off  an ostomy. 
Th e plastic is made directly adherent to the skin by a bacteriostatic adhe-
sive. Aft er application of the drape, the incision is made directly through 
the material, and the plastic remains in place until the procedure is com-
pleted. When, for cosmetic reasons, the incision must accurately follow the 
lines of skin cleavage, the surgeon gently outlines the incision with a sterile 
inked pen before the adhesive plastic drape is applied. Th e addition of the 
plastic to the drape ensures a wide fi eld that is, surgically, completely sterile, 
instead of surgically clean as the prepared skin is considered. At the same 
time, the plastic layer prevents contamination should the large drape sheet 
become soaked or torn.

Superfi cial malignancies, as in the case of cancer of the skin, lip, or neck, 
present a problem in that routine mechanical scrub is too traumatic. Malignant 
cells may be massaged free into the bloodstream in this way. Following a gentle 
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shave, a germicidal solution should be applied carefully. Similarly, the burned 
patient must have special skin preparation. In addition to the extreme tissue 
sensitivity, many times gross soil, grease, and other contaminants are present. 
Copious fl ushing of the burned areas with isotonic solutions is important as 
mechanical cleansing is carried out with a nonirritating detergent.

Injuries such as the crushed hand or the open fracture require extreme 
care, and meticulous attention to skin preparation must be observed. Th e 
hasty, inadequate preparation of such emergency surgery can have disas-
trous consequences. A nylon bristle brush and a detergent are used to scrub 
the area thoroughly for several minutes. A wide area around the wound 
edges is then shaved. Copious irrigation is essential aft er the scrub and 
shave, followed by a single application of a germicide. An antibacterial 
sudsing cleanser may be useful for cleansing the contaminated greasy skin 
of the hands or about traumatic wounds.

When the skin has been prepped and the patient has been positioned 
and draped, then a TIME OUT is done. During this time, all physicians and 
staff  must stop what they are doing and listen and verify the information 
presented, including the patient’s name, scheduled procedure including the 
correct site, allergies, and whether preoperative antibiotics were adminis-
terded and when as shown in table 1 of Chapter 3.

Heavy suture materials, regardless of type, are not desirable. Fine silk, 
cotton, synthetics, or absorbable sutures should be used routinely. Every 
surgeon has his or her own preference for suture material, and new types 
are constantly being developed. Fine silk is most suitable for sutures and 
ligatures because it creates a minimum of tissue reaction and stays securely 
knotted. If a surgeon’s knot is laid down and tightened, the ligature will not 
slip when the tension on the silk is released. A square knot then can be laid 
down to secure the ligature, which is cut close to the knot. Th e knots are set 
by applying tension on the ligature between a fi nger held beyond the knot 
in such a plane that the fi nger, the knot, and the hand are in a straight line. 
However, it takes long practice to set the fi rst knot and run down the set-
ting, or fi nal knot, without holding the threads taut. Th is detail of technique 
is of great importance, for it is impossible to ligate under tension when 
handling delicate tissue or when working in the depths of a wound. When 
tying vessels caught in a hemostat, it is important that the side of the jaws 
of the hemostat away from the vessel be presented so that as little tissue as 
possible is included in the tie. Moreover, the hemostat should be released 
just as the fi rst knot is tightened, the tie sliding down on tissue not already 
devitalized by the clamp. One-handed knots and rapidly thrown knots are 
unreliable. Each knot is of vital importance in the success of an operation 
that threatens the patient’s life.

Some surgeons prefer electrocautery rather than ligatures to control 
smaller bleeders. Th is produces tissue necrosis, with the cutting electro-
cautery devitalizing a larger zone of tissue on either side of its incision than 
does a sharp scalpel.

As the wound is deepened, exposure is obtained by retraction. If the 
procedure is to be prolonged, the use of a self-retaining retractor is advanta-
geous, since it ensures constant exposure without fatiguing the assistants. 
Moreover, unless the anesthesia is deep, the constant shift ing of a retractor 
held by an assistant not only disturbs the surgeon but also stimulates the 
sensory nerves. Whenever a self-retaining retractor is adjusted, the amount 
of tissue compression must be judged carefully because excessive compres-
sion may cause necrosis. Diffi  culty in obtaining adequate exposure is not 
always a matter of retraction. Unsatisfactory anesthesia, faulty position of 
the patient, improper illumination, an inadequate and improperly placed 
incision, and failure to use instruments instead of hands are factors to be 
considered when visibility is poor.

Handling tissues with fi ngers cannot be as manageable, gentle, or safe 
as handling with properly designed, delicate instruments. Instruments can 
be sterilized, whereas rubber gloves off er the danger that a needle prick or 
break may pass unnoticed and contamination may occur. Moreover, the use 
of instruments keeps hands out of the wound, thus allowing a full view of 
the fi eld and aff ording perspective, which is an aid to safety.

Aft er gentle retraction of the skin and subcutaneous tissue to avoid strip-
ping, the fascia is incised in line with its own fi bers; jagged edges must be 
avoided to permit accurate reapproximation. Th e underlying muscle fi bers 
may be separated longitudinally with the handle of the knife. Blood ves-
sels are divided between hemostats and ligated. Because of the friability 
of muscle, immediate ligation is more desirable than electrocauterization. 
Aft er hemostasis is achieved, the muscle is protected from trauma and con-
tamination by moist gauze pads. Retractors may now be placed to bring the 
peritoneum into view.

With toothed forceps or hemostat, the operator seizes and lift s the peri-
toneum. Th e assistant grasps the peritoneum near the apex of the tent, while 

the surgeon releases hold on it. Th is maneuver is repeated until the surgeon is 
certain that only peritoneum free of intra-abdominal tissue is included in 
the bite of the forceps. A small incision is made between the forceps with a 
scalpel. Th is opening is enlarged with scissors by inserting the lower tip of 
the scissors beneath the peritoneum for 1 cm and by tenting the peritoneum 
over the blade before cutting it. If the omentum does not fall away from the 
peritoneum, the corner of a moist sponge may be placed over it as a guard 
for the scissors. Th e incision should be made only as long as that in the mus-
cle since peritoneum stretches easily with retraction, and closure is greatly 
facilitated if the entire peritoneal opening is easily visualized. When the inci-
sion of the peritoneum is completed, retractors can then be placed to give 
the optimum view of the abdominal contents. Th e subcutaneous fat should 
be protected from possible contamination by sterile pads or a plastic wound 
protector. If the appendix or cecum is not apparent immediately, the wound 
may be shift ed about with the retractors until these structures are located.

Although it is customary to wall off  the intestines from the cecal region 
with several moist sponges, we are convinced that the less material intro-
duced into the peritoneal cavity the better. Even moist gauze injures the 
delicate superfi cial cells, which thereaft er present a point of possible adhe-
sion to another area as well as less of a barrier to bacteria. Th e appendix is 
then delivered into the wound and its blood supply investigated, with the 
strategic attack in surgery always being directed toward control of the blood 
supply. Th e blood vessels lying in the mesentery are more elastic than their 
supporting tissue and tend to retract; therefore, in ligating such vessels, it is 
best to transfi x the mesentery with a curved needle, avoiding injury to the 
vessels. Th e vessel may be safely divided between securely tied ligatures, and 
the danger of its slipping out of a hemostat while being ligated is eliminated. 
Th e appendix is removed by the technique depicted in Plates 54 and 55, and 
the cecum is replaced in the abdominal cavity. Closure begins with a search 
for sponges, needles, and instruments until a correct count is obtained. In 
reapproximating the peritoneum, a continuous absorbable suture is used.

With the peritoneum closed, the muscles fall together naturally unless they 
were widely separated. Th e fascia overlying the muscles is carefully reapproxi-
mated with interrupted sutures and the muscles will naturally realign their 
positions. Alternatively, some surgeons prefer to approximate the peritoneum, 
muscle, and fascia in a one-layer closure with interrupted sutures.

Coaptation of the subcutaneous tissues is essential for a satisfactory 
cosmetic result. Well-approximated subcutaneous tissues permit the early 
removal of skin sutures and thus prevent the formation of a wide scar. Sub-
cutaneous sutures are placed with a curved needle, large bites being taken 
through Scarpa’s fascia so that the wound is mounded upward and the skin 
edges are almost reapproximated. Th e sutures must be located so that both 
longitudinal and cross-sectional reapproximation is accurate. Overlapping 
or gaping of the skin at the ends of the wound may be avoided readily by 
care in suturing the subcutaneous layer.

Th e skin edges are brought together by interrupted sutures, subcutic-
ular sutures, or metal skin staples. If the subcutaneous tissues have been 
sutured properly, the skin sutures or staples may be removed on the fi ft h 
postoperative day or so. Th ereaft er, additional support for minimizing skin 
separation may be provided by multiple adhesive paper strips. Th e result is 
a fi ne white line as the ultimate scar with less of a “railroad track” appear-
ance, which may occur when skin sutures or staples remain for a prolonged 
time. To minimize this unsightly scar and lessen apprehension over suture 
removal, many surgeons approximate the incision with a few subcutaneous 
absorbable sutures that are reinforced with strips of adhesive paper tape.

Finally, there must be proper dressing and support for the wound. If the 
wound is closed per primam and the procedure itself has been “clean,” the 
wound should be sealed off  for at least 48 hours so it will not be contami-
nated from without. Th is may be done with a dry sponge dressing.

Th e time and method of removing skin sutures are important.
Lack of tension on skin sutures and their early removal, by the third 

to fi ft h day, eliminate unsightly cross-hatching. In other parts of the body, 
such as the face and neck, the sutures may be removed in 48 hours if the 
approximation has been satisfactory. When retention sutures are used, the 
length of time the sutures remain depends entirely on the cause for their 
use; when the patients are elderly or cachectic or suff er from chronic cough 
or the eff ects of radiation therapy, such sutures may be necessary for as long 
as 10 to 12 days. A variety of protective devices (bumpers) may be used over 
which these tension sutures can be tied so as to prevent the sutures from 
cutting into the skin.

Th e method of removing sutures is important and is designed to avoid 
contaminating a clean wound with skin bacteria. Aft er cleansing with alco-
hol, the surgeon grasps the loose end of the suture, lift s the knot away from 
the skin by pulling out a little of the suture from beneath the epidermis, 
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cuts the suture at a point that was beneath the skin, and pulls the suture 
free. Th us, no part of a suture that was on the outside of the skin will be 
drawn into the subcutaneous tissues to cause an infection in the wound. 
Th e importance of using aseptic technique in removing sutures and subse-
quent dressing under proper conditions cannot be overemphasized. Adhe-
sive paper strips, colloids, or glue, when properly applied, can make skin 
sutures unnecessary in many areas.

Th e example of the characteristics of a technique that permits the tissues to 
heal with the greatest rapidity and strength and that conserves all the normal 
cells demonstrates that the surgeon’s craft smanship is of major importance to 
the patient’s safety. It emphasizes the fact that technical surgery is an art, which 
is properly expressed only when the surgeon is aware of its inherent dangers. 
Th e same principles underlie the simplest as well as the most serious and exten-
sive operative procedure. Th e young surgeon who learns the basic precepts of 
asepsis, hemostasis, adequate exposure, and gentleness to tissues has mastered 

his or her most diffi  cult lessons. Moreover, once surgeons have acquired this 
attitude, their progress will continue, for they will be led to a histologic study of 
wounds, where the real lessons of wound healing are strikingly visualized. Th ey 
will also be led to a constant search for better instruments until they emerge 
fi nally as artists, not artisans.

Th e surgeon unaccustomed to this form of surgery will be annoyed by the 
constant emphasis on gentleness and the time-consuming technique of innu-
merable interrupted sutures. However, if the surgeon is entirely honest and if 
he or she wishes to close all clean wounds per primam, thus contributing to the 
patient’s comfort and safety, all the principles that have been outlined must be 
employed. Fine suture material must be utilized—so fi ne that it breaks when 
such strain is put on it as will cut through living tissue. Each vessel must be tied 
securely so that the critically important vessel will always be controlled. Strict 
asepsis must be practiced. All this is largely a matter of conscience. To those 
who risk the lives of others daily, it is a chief concern.
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CHAPTER II

ANESTHESIA

Anesthesiology as a special fi eld of endeavor has made clear the many 
physiologic changes occurring in the patient during anesthesia. Th e phar-
macologic eff ects of anesthetic agents and techniques on the central nerv-
ous system and the cardiovascular and respiratory systems are now better 
understood. New drugs have been introduced for inhalation, intravenous, 
spinal, and regional anesthesia. In addition, drugs, such as muscle relaxants 
and hypotensive or hypertensive agents, are used for their specifi c pharma-
cologic eff ect. Older anesthetic techniques, such as spinal and caudal anes-
thesia, have been improved by the refi nement of the continuous technique 
and more accurate methods of controlling the distribution of the adminis-
tered drug. Marked advances in anesthesia have taken place in pulmonary, 
cardiac, pediatric, and geriatric surgery. Improved management of airway 
and pulmonary ventilation is refl ected in the techniques and equipment 
available to prevent the deleterious  eff ects of hypoxia and hypercarbia. An 
increased understanding of the altered hemodynamics produced by anes-
thesia in the ill patient has resulted in better fl uid, electrolyte, and blood 
replacement preoperatively in patients with a decreased blood volume and 
electrolyte imbalance, thus allowing many patients once thought to be too 
ill for surgery the opportunity for safe operative care.

 Although the number of anesthesiologists has increased within recent 
years, it still is not enough to meet the increased surgical load. Surgeons, 
therefore, may fi nd that they have to rely upon less trained assistants to 
administer anesthesia. Th ey must bear in mind that in the absence of a 
trained anesthesiologist, the surgeon is legally accountable should catas-
trophe from any cause compromise the outcome of the surgical procedure. 
Under these circumstances, the surgeon should be knowledgeable about 
the choice of anesthetic agents and techniques and their indications and 
complications. Further, he or she should be familiar with the condition of 
the patient under anesthesia by observing the color of blood or viscera, the 
rapidity and strength of the arterial pulsation, and the eff ort and rhythm 
of the chest wall or diaphragmatic respirations. Knowing the character of 
these conditions under a well-conducted anesthesia, the surgeon will be 
able readily to detect a patient who is doing poorly.

It is this point of view that has caused us to present in this practical 
volume the following short outline of modern anesthetic principles. Th is 
outline makes no pretense of covering fully the physiologic, pharmacologic, 
and technical details of anesthesiology, but it off ers to the surgeon some 
basic important information.

GENERAL CONSIDERATIONS Th e intraoperative role of the anesthesi-
ologist as a member of the surgical team is severalfold, including the assur-
ance of adequate pulmonary ventilation, maintenance of a near-normal 
cardiovascular system, and conduction of the anesthetic procedure itself. 
One cannot be isolated from the other.

VENTILATION Preventing the subtle eff ects of hypoxia is of prime impor-
tance to the anesthesiologist. It is well known that severe hypoxia may 
cause sudden disaster, and that hypoxia of a moderate degree may result in 
slower but equally disastrous consequences. Hypoxia during anesthesia is 
related directly to some interference with the patient’s ability to exchange 
oxygen. Th is commonly is caused by allowing the patient’s tongue partially 
or completely to obstruct the upper airway. Foreign bodies, emesis, pro-
fuse secretions, or laryngeal spasm may also cause obstruction of the upper 
airway. Of these, aspiration of emesis, although rare, represents the greatest 
hazard to the patient. General anesthesia should not be administered in those 
patients likely to have a full stomach unless adequate protection of the airway 
is assured. A common guideline in adults with normal gastrointestinal motil-
ity is a 6- to 8-hour interval between the ingestion of solid food and induction 
of anesthesia. In addition, members of the surgical team should be capable of 
performing endotracheal intubation. Th is will reduce the possibility of the 

patient’s asphyxiating, as the endotracheal tube is not always a guarantee 
of a perfect airway. Other conditions known to produce a severe state of 
hypoxia are congestive heart failure, pulmonary edema, asthma, or masses 
in the neck and mediastinum compressing the trachea. As these conditions 
may not be directly under the anesthesiologist’s control, preoperative evalu-
ation should be made by the surgeon, the anesthesiologist, and appropriate 
consultants. In complex airway cases, the patient may be intubated using 
topical anesthetics and a fl exible fi beroptic bronchoscope that serves as an 
internal guide for the overlying endotracheal tube.

Before any general anesthetic technique is commenced, facilities must be 
available to perform positive-pressure oxygen breathing, and suction must 
be available to remove secretions and vomitus from the airway before, dur-
ing, and aft er the surgical procedure. Every eff ort should be expended to 
perform an adequate tracheobronchial and oropharyngeal cleansing aft er 
the surgical procedure, and the airway should be kept free of secretions and 
vomitus until the protective refl exes return. With the patient properly pos-
itioned and observed, all these procedures will help to reduce the incidence 
of postoperative pulmonary complications.

CARDIOVASCULAR SUPPORT Fluid therapy during the operative pro-
cedure is a joint responsibility of the surgeon and the anesthesiologist. 
Except in unusual circumstances, anemia, hemorrhage, and shock should 
be treated preoperatively. During the operation transfusions should be 
used with caution as there can be signifi cant risks associated with trans-
fusions. Most patients can withstand up to 500 mL of blood loss with-
out diffi  culty. However, in operative procedures known to require several 
units of blood, the blood should be replaced as lost as estimated from the 
quantity of blood within the operative fi eld, the operative drapes, and the 
measured sponges and suction bottles. Th e intravascular volume can be 
expanded by cross matched packed red blood cells, specifi cally indicated 
for their oxygen-carrying capacity, when the hematocrit (Hct) is �23 to 
25 percent or the hemoglobin (Hb) is �7 g/dL. In emergency situations 
when blood is not available, synthetic colloids (dextran or hydroxyethyl 
starch solutions), albumin, or plasma may be administered to maintain 
an adequate expansion of blood volume. All blood products are used with 
caution because of the possibility of transmitting homologous viral dis-
eases. Infusions of Ringer’s lactate (a balanced electrolyte solution), via 
a secure and accessible intravenous catheter, should be used during all 
operative procedures, including those in pediatrics. Such an arrangement 
allows the anesthesiologist to have ready access to the cardiovascular 
system, and thereby a means of administering drugs or treating hypo-
tension promptly. Additionally, large centrally placed catheters may be 
used to monitor central venous pressure or even cardiac performance if 
a pulmonary artery catheter is placed into the pulmonary vasculature. As 
many modern anesthetic agents may produce vasodilation or depression 
of myocardial contractility, anesthesiologists may volume load patients 
with crystalloid solutions. Th is maintains normal hemodynamic param-
eters and a good urine output. However, this fl uid loading may have ser-
ious aft er eff ects in some patients; thus the anesthesiologist must monitor 
the type and volume of fl uids given to the patient during the operation 
and communicate this to the surgeon. 

Th e patient’s body position is an important factor both during and aft er 
the operation. Th e patient should be placed in a position that allows grav-
ity to aid in obtaining optimum exposure. Th e most eff ective position for 
any procedure is the one that causes the viscera to gravitate away from 
the operative fi eld. Proper position on the table allows adequate anatomic 
exposure with less traumatic retraction. With good muscle relaxation and 
an unobstructed airway, exaggerated positions and prolonged elevations 
become unnecessary. Th e surgeon should bear in mind that extreme pos-
itions result in embarrassed respiration, in harmful circulatory responses, 
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and in nerve palsies. When the surgical procedure is concluded, the patient 
should be returned gradually to the horizontal supine position, and suf-
fi cient time should be allowed for the circulatory system to become stabil-
ized. When an extreme position is used, extremity wrappings should be 
applied and the patient should be returned to the normal position in several 
stages, with a rest period between each one. Abrupt changes in position 
or rough handling of the patient may result in unexpected circulatory col-
lapse. Aft er being returned to bed, the patient should be positioned for safe 
respiration. Th e patient is observed for unobstructed breathing and stable 
hemodynamic parameters until he or she is suffi  ciently alert.

Anesthesia in the aged patient is associated with an increased morbidity 
and mortality. Degenerative diseases of the pulmonary and cardiovascular 
systems are prominent, with the individual being less likely to withstand 
minor insults to either system. Sedatives and narcotics should be used 
sparingly in both the preoperative and postoperative periods. Regional or 
local anesthesia should be employed in this age group whenever feasible. 
Th is form of anesthesia decreases the possibility of serious pulmonary and 
cardiovascular system complications and at the same time decreases the 
possibility of serious mental disturbance that can occur following gen-
eral anesthesia. Induction and maintenance of anesthesia can be made 
smoother by good preoperative preparation of the respiratory tract. Th is 
begins with cessation of smoking prior to admission and continues with 
vigorous pulmonary care that may involve positive-pressure aerosol 
therapy and bronchodilators. A detailed cardiac history in preoperative 
workup will uncover patients with borderline cardiac failure, coronary 
insuffi  ciency, or valvular disease, who require specialized drug treatment 
and monitoring.

ANESTHETICS As most patients are anxious in the preoperative period, 
premedication with an anxiolytic agent is oft en given in the preoperative 
holding area. Once upon the operating table, the patient is preoxygenated 
before being induced rapidly and smoothly with an intravenous hypnotic 
and narcotic. 

Induction of a full general anesthesia requires airway control with either 
a laryngeal mask airway (LMA) or an endotracheal tube, whose placement 
may require transient muscle paralysis.

Muscle relaxants such as succinylcholine or nondepolarizing neuro-
muscular blocking agents should be used for those operations requiring 
muscular looseness if it is not provided by the anesthetic agent. By the use 
of these drugs, adequate muscular relaxation can be obtained in a lighter 
plane of anesthesia, thereby reducing the myocardial and peripheral circu-
latory depression observed in the deeper planes of anesthesia. In addition, 
the protective refl exes, such as coughing, return more quickly if light planes 
of anesthesia are maintained. Finally, however, it is important to note that 
the mycin-derivative antibiotics may interact with curare-like drugs so as to 
prolong their eff ect with inadequate spontaneous respiration in the recov-
ery area and may lead to extended respiratory support.

When the maximum safe dosages of local anesthetic agents are exceeded, 
the incidence of toxic reactions increases. Th ese reactions, which are related to 
the concentration of the local anesthetic agent in the blood, may be classifi ed 
as either central nervous system stimulation (i.e., nervousness, sweating, 
and convulsions) or central nervous system depression (i.e., drowsiness and 
coma). Either type of reaction may lead to circulatory collapse and respira-
tory failure. Resuscitative equipment consisting of positive-pressure oxygen, 
intravenous fl uids, vasopressors, and an intravenous barbiturate should be 
readily available during all major operative procedures using large quanti-
ties of local anesthesia. Th e intensity of anesthesia produced by the local 
anesthetic agents depends on the concentration of the agent and on the size 
of the nerve. As the size of the nerve to be anesthetized increases, a higher 
concentration of anesthetic agent is utilized. Since the maximum safe dose 
of lidocaine (Xylocaine) is 300 mg, it is wise to use 0.5% lidocaine when 
large volumes are needed.

Th e duration of anesthesia can be prolonged by the addition of epi-
nephrine to the local anesthetic solution. Although this prolongs the 
anesthetic eff ect and reduces the incidence of toxic reactions, the use of 
epinephrine is not without danger. Its concentration should not exceed 
1:100,000; that is, 1 mL of 1:1,000 solution in 100 mL of local anesthetic 
agent. Aft er the operative procedure has been completed and the vaso-
constrictive eff ect of the epinephrine has worn off , bleeding may occur 
in the wound if meticulous attention to hemostasis has not been given. 
If the anesthetic is to be injected into the digits, epinephrine should not 
be added because of the possibility of producing gangrene by occlusive 
spasm of these end arteries, which do not have collaterals. Epinephrine is 
also contraindicated if the patient has hypertension, arteriosclerosis, and 
coronary or myocardial disease.

In any surgical practice, occasions arise when the anesthesiologist should 
refuse or postpone the administration of anesthesia. Serious thought should 
be given before anesthesia is commenced in cases of severe pulmonary 
insuffi  ciency; with elective surgery in the patient with myocardial infarction 
less than 6 months prior; severe unexplained anemia; with inadequately 
treated shock; in patients who recently have been or are still on certain 
drugs such as monoamine oxidase (MAO) inhibitors and certain tricyclic 
antidepressants that may compromise safe anesthesia; and, fi nally, in any 
case in which the anesthesiologist feels he or she will be unable to manage 
the patient’s airway, such as Ludwig’s angina, or when there are large masses 
in the throat, neck, or mediastinum that compress the trachea.

CARDIAC MORBIDITY AND MORTALITY Cessation of eff ective cardiac 
activity may occur at any time during an anesthetic or operative procedure 
performed under local or general anesthesia. Many etiologic factors have been 
cited as producing cardiac dysfunction; however, acute or prolonged hypoxia 
is undoubtedly the most common cause. In a few instances undiagnosed car-
diovascular disease, such as severe aortic stenosis or myocardial infarction, has 
been the cause of cardiac standstill. Many sudden cardiac complications relate 
to anesthetic technique and they are oft en preceded by warning signs long 
before the castastrophe actually occurs. Common anesthetic factors include 
overdosage of anesthetic agents, either in total amount of drug or in speed of 
administration; prolonged and unrecognized partial respiratory obstruction; 
inadequate blood replacement with delay in treating hypotension; aspiration 
of stomach contents; and failure to maintain constant vigilance over the anes-
thetized patient’s cardiovascular system. Th e last factor is minimized by the 
use of the precordial or intraesophageal stethoscope, a continuous electrocar-
diogram, end-tidal CO2, and oxygen saturation monitoring. 

Mortality and morbidity from cardiac events can be minimized further by 
having all members of the surgical team trained in the immediate treatment 
of sudden cardiac collapse. Successful treatment of sudden cardiac collapse 
depends upon immediate diagnosis and the institution of therapy without 
hesitation. Diagnosis is established tentatively by the absence of the pulse 
and blood pressure as recognized by the anesthesiologist and confi rmed 
by the surgeon’s palpation of the arteries or observation of the absence of 
bleeding in the operative fi eld. Th e Advanced Cardiac Life Support proto-
cols developed by the American College of Cardiology provide a reasonable 
guide to resuscitation. It is imperative that external cardiac compression and 
the establishment of a clear and unobstructed airway be instituted immedi-
ately. Intravenous administration of epinephrine is appropriate. If adequate 
circulation is being produced, a pulse should be palpable in the carotid and 
brachial arteries. Many times, oxygenated blood being circulated through 
the coronary arteries by external compression will be suffi  cient to start a 
heart in asystole. If the heart is fi brillating, it should be defi brillated. Defi b-
rillation may be accomplished by electrical direct current, which is the pre-
ferred method. If all of these resuscitative measures are unsuccessful, then 
thoracotomy with direct cardiac compression or defi brillation may be con-
sidered in an equipped and staff ed operating room setting.

Th e treatment of a patient revived aft er a cardiopulmonary arrest is 
directed toward maintaining adequate cardiopulmonary ventilation and 
perfusion and preventing specifi c organ injuries such as acute renal tubu-
lar necrosis or cerebral edema. Th is may involve vasoactive drugs, steroids, 
diuretics, or hypothermia.

CHOICE OF ANESTHESIA Th e anesthesiologist’s skill is the most import-
ant factor in the choice of anesthesia. Th e anesthesiologist should select the 
drugs and methods with which he or she has had the greatest experience. 
Th e eff ects of the drugs are modifi ed by speed of administration, total dose, 
the interaction of various drugs used, and the technique of the individual 
anesthesiologist. Th ese factors are far more important than the theoretical 
eff ects of the drugs based on responses elicited in animals. With anesthetic 
agents reported to have produced hepatocellular damage, certain pre-
cautions should be observed. Th is is particularly important in patients who 
have been administered halogenated anesthetic agents in the recent past or 
who give a history suggestive of hepatic dysfunction following a previous 
anesthetic exposure. Further, the halogenated anesthetic agents should be 
used cautiously in patients whose occupations expose them to hepatocellu-
lar toxins or who are having biliary tract surgery.

Th e following factors about the proposed operation must be considered: 
its site, magnitude, and duration; the amount of blood loss to be expected; 
and the position of the patient on the operating table. Th e patient should 
then be studied to ascertain his or her ability to tolerate the surgical pro-
cedure and the anesthetic. Important factors are the patient’s age, weight, 
and general condition as well as the presence of acute infection, toxemia, 
dehydration, and hypovolemia. Hence, there is a dual evaluation: fi rst, of 
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the overall state of the patients’ vital organ systems and, second, of the 
superimposed hazards of the disease.

Th e patient’s previous experience and prejudices regarding anesthesia 
should be considered. Some patients dread losing consciousness, fearing 
loss of control; others wish for oblivion. Some patients, or their friends, 
have had unfortunate experiences with spinal anesthesia and are violently 
opposed to it. An occasional individual may be sensitive to local anesthetics 
or may have had a prolonged bout of vomiting following inhalation anes-
thesia. Whenever possible, the patient’s preference regarding the choice of 
anesthesia should be followed. If that choice is contraindicated, the reason 
should be explained carefully and the preferred procedure should be out-
lined in such a way as to remove the patient’s fears. If local or spinal anes-
thesia is selected, psychic disturbance will be minimized and the anesthetic 
made more eff ective if it is preceded by adequate premedication.

PRELIMINARY MEDICATION If possible, the patient should be visited by 
the anesthesiologist prior to the operation. Th e anesthesiologist should have 

become acquainted with the patient’s condition and the proposed opera-
tion. He or she must evaluate personally the patient’s physical and psychic 
state and, at this time, should inquire about the patient’s previous anesthetic 
experience and about drug sensitivity. Th e anesthesiologist should question 
the patient about drugs taken at home and be sure that medicines requiring 
continued administration, such as beta-blockers or insulin, are continued. 
Further inquiry should be made concerning drugs (such as corticosteroid 
drugs, antihypertensive drugs, MAO inhibitors, and tranquilizers) that may 
have an interaction with the planned anesthesia. If the patient is taking any 
of these drugs, proper precautions should be taken to prevent an unsatisfac-
tory anesthetic and surgical procedure.

Preoperative medication is frequently part of the anesthetic procedure. 
Th e choice of premedication depends on the anesthetic to be used. Dosage 
should vary with the patient’s age, physical state, and psychic condition. 
Premedication should remove apprehension, reduce the metabolic rate, 
and raise the threshold to pain. Upon arriving in the operating suite, the 
patient should be unconcerned and placid.
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CHAPTER III

PREOPERATIVE PREPARATION 
AND POSTOPERATIVE CARE

For centuries the surgeon’s chief training was in anatomy, almost to the 
exclusion of other aspects of the art. Only in the 20th century did the 
increasing scope of surgery and unremitting eff orts to reduce the num-
ber of deaths and complications to a minimum lead inevitably to the 
realization that a sound understanding of physiology is as important as a 
thorough grounding in anatomic relationships. In the 21st century, there 
is increasing interest in evidenced-based preoperative and postopera-
tive care and the application of scientifi c knowledge and compassion to 
restore the patient to a normal physiologic state and equilibrium as read-
ily as possible aft er minor or major surgery. Th e discipline of surgical 
critical care represents the ultimate merging of the art of surgery with 
the science of physiology.

PREOPERATIVE PREPARATION Th e surgeon of the 21st century is con-
cerned not only with the proper preoperative preparation of the patient and 
technical conduct of an operative procedure but also with the preparation of 
the operating room and an understanding of the problems created by illness 
in the patient as a whole. Because of the complexities of a patient popu-
lation with many medical comorbid conditions, preoperative preparation 
may require a team approach. It is important for the surgeon to understand 
potential complications and their prevention and recognition. In the ideal 
situation, the preoperative preparation of the patient begins the ambulatory 
setting prior to admission. Th e surgeon assesses the patient and determines 
the need for surgery for the specifi c diagnosis. Th e surgeon advises the 
patient on the benefi ts and risks of the procedure in general as well as those 
that are specifi c to the operation being recommended. Informed consent is 
more than a signature on a piece of paper: it is a process of discussion and 
a dialogue between the surgeon and patient in which the patient has the 
opportunity to ask questions. Th e surgeon should also include a discussion 
of the possible use of blood products, and if deemed appropriate, advise the 
patient about autologous blood donation. In assessing the patient’s condi-
tion it is important to identify major health issues. Pulmonary pathology 
including chronic obstructive pulmonary disease and asthma should be 
identifi ed. Any departure from the norm disclosed by the history, physical 
examination, or the various procedures enumerated below may call for fur-
ther specialty referral and treatment in concert with the patient’s primary 
physician. Likewise, history of a myocardial infarction, valvular heart dis-
ease, or a previous coronary intervention may suggest the need for cardiac 
clearance and assessment by a cardiologist. Finally, if the patient’s American 
Society of Anesthesiologists (ASA) class is III or IV, then it may be helpful to 
obtain an anesthesia consultation preoperatively. Written or verbal commu-
nication with the referring physician and primary care physician is impor-
tant in order to facilitate continuity of care. 

In many situations, the primary care physician may be engaged to help 
ready the patient for surgery. Th e primary physician may then set in motion 
diagnostic and therapeutic maneuvers that improve control of the patient’s 
diseases, thus optimizing his or her status for anesthesia and surgery. Even 
simple “oral and respiratory prophylaxis,” for example, the ordering of dental 
care and treatment of chronic sinusitis or chronic bronchitis, can be benefi -
cial. Restriction of smoking combined with expectorants for a few days may 
alleviate the chronic productive cough that is so likely to lead to serious pul-
monary complications. Th e surgeon should supervise any special diets that 
may be required, apprise the family and patient of the special requirements, 
and instill in the patient that peace of mind and confi dence which constitutes 
the so-called psychologic preparation. Th e patient should inform the surgeon 
of any food or drug idiosyncrasies, thus corroborating and supplementing 
the surgeon’s own observations concerning the patient as an operative risk.

It is helpful to require the patient to cough to determine whether his or 
her cough is dry or productive. In the presence of the latter, consultation 

with pulmonary medicine may be helpful and surgery may be delayed for 
the improvement that will follow discontinuance of smoking and the institu-
tion of repeated daily pulmonary physical therapy and incentive sprirometry 
in addition to expectorants and bronchodilating drugs as indicated. In the 
more serious cases, the patient’s progress should be documented with formal 
pulmonary function tests, including arterial blood gases. Patients with other 
chronic lung problems should be evaluated in a similar manner.

In general, electrocardiograms are routinely obtained, especially aft er 
the age of 50. A stress test, radionuclide imaging scan, or ultrasound echo 
test may be useful for screening, while coronary angiogram, carotid Dop-
pler ultrasounds, or abdominal vascular scans may be performed if signifi -
cant vascular disease is present or requires correction before an elective 
general surgery operation.

Standard preoperative considerations include antibiotic prophylaxis and 
preventive measures for venous thromoembolism. In addition, some sur-
geons have the patient bathe with antiseptic soap the day prior to the oper-
ation. If any special diet or bowel preparation is necessary, the patient is so 
advised and given the necessary instructions or prescriptions. 

Hospitalized patients are frequently more ill than those seen in an 
ambulatory setting. In this setting, the surgical team works with the med-
ical team to bring the patient into physiologic balance prior to surgery. Rec-
ommendations of pulmonary and cardiac consultants should be followed 
to improve the patient’s risk for surgery. Th e hospitalized patient may be 
separated from his or her family and may be depressed or have anxiety. Th e 
surgeon’s reassurance and confi dent manner can help the patient overcome 
some of the psychologic stress of illness. 

Particularly for the hospitalized patient, assessment of nutritional status 
with measurement of albumin and prealbumin or other markers, pul-
monary and cardiac function is necessary. If the patient is malnourished, 
then this should optimally be corrected prior to surgical intervention if 
the condition permits. Enteral feedings are preferred. In some cases with 
oropharyngeal obstruction, a percutaneous endoscopic gastrostomy may 
be performed to provide access. Feeding with prepared formulas may be 
necessary. If gastrointestinal access cannot be obtained, total parenteral 
nutrition may be necessary. Although about 1 g of protein per kilogram 
of body weight is the average daily requirement of the healthy adult, it is 
frequently necessary to double this fi gure to achieve a positive nitrogen bal-
ance and protect the tissues from the strain of a surgical procedure and 
long anesthesia. Th e administered protein may not be assimilated as such 
unless the total caloric intake is maintained well above basal requirements. 
If calories are not supplied from sugars and fat, the ingested protein will be 
consumed by the body like sugar for its energy value. 

If for any reason the patient cannot be fed via the gastrointestinal tract, par-
enteral feedings must be utilized. On occasion, a defi cient oral intake should 
be supplemented by parenteral feedings to ensure a daily desirable minimal 
level of 1,500 calories. Water, glucose, salt, vitamins, amino acids, trace min-
erals, and intravenous fats are the elements of these feedings. Accurate rec-
ords of intake and output are indispensable. Frequent checks on the liver, 
renal, and marrow functions along with blood levels of protein, albumin, 
blood urea nitrogen, prothrombin, and hemoglobin are essential to gauge the 
eff ectiveness of the treatment. One must be careful to avoid giving too much 
salt. Th e average adult will require no more than 500 mL of normal saline 
each day unless there is an abnormal loss of chlorides by gastrointestinal suc-
tion or fi stula. Body weight should be determined daily in patients receiv-
ing intravenous fl uids. Since each liter of water weighs approximately 1 kg, 
marked fl uctuations in weight can give warning of either edema or dehydra-
tion. A stable body weight indicates good water and calorie replacement.

In catabolic states of negative nitrogen balance and inadequate cal-
orie intake, usually due to the inability to eat enough or to a disrupted 
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gastrointestinal tract, intravenous total parenteral nutrition (TPN) using 
a central venous catheter can be lifesaving. Ordinarily, a subclavian or 
jugular catheter site is used. At present, these solutions contain a mix-
ture of amino acids as a protein source and carbohydrates for calories. 
Fat emulsions provide more calories (9 calories per gram versus 4 for 
carbohydrates or protein) and lessen the problems of hyperglycemia. In 
general, the TPN solutions contain 20 to 25 percent carbohydrate as glucose 
plus 50 g of protein source per liter. To this are added the usual electro-
lytes plus calcium, magnesium, phosphates, trace elements, and multiple 
vitamins, especially vitamins C and K. Such a solution off ers 1,000 cal-
ories per liter and the usual adult receives 3 L per day. Th is provides 
3,000 calories, 150 g of protein, and a mild surplus of water for urinary, 
insensible, and other water losses. Any component of the TPN solution 
can be given in insuffi  cient or excessive quantities, thus requiring careful 
monitoring. Th is should include daily weights, intake and output bal-
ances, urinalysis for sugar spillage, serum electrolytes, blood sugar and 
phosphate, hematocrit, and liver function tests with prothrombin levels 
in specifi c instances. Other than catheter-related problems, major com-
plications include hyperglycemia with glucosuria (solute diuresis) and 
hyperglycemic nonketotic acidosis from overly rapid infusion. Reactive 
hypoglycemia or hypophosphatemia (refeeding syndrome) may occur 
aft er sudden discontinuance of the infusion (catheter accident). Another 
major complication involves infection, and strict precautions are needed 
in preparing the solutions and handling the infusion bottles, lines, and 
catheters. Th e catheter and its entrance site should be carefully covered with 
a topical antiseptic and a sterile dressing that is aseptically changed every 
2 to 3 days. Th e infusion lines should contain a microporous fi lter, and all 
should be changed daily. Fungemia or gram-negative septicemia should 
be guarded against, and the catheter system should not be violated for 
drawing blood samples or for infusion of other solutions. Sepsis does not 
contraindicate the use of intravenous nutrition, but chronic septicemia 
without obvious etiology is the indication for removal and culturing of 
these catheters.

Vitamins are not routinely required by patients who have been on 
a good diet and who enter the hospital for an elective surgical proced-
ure. Vitamin C is the one vitamin usually requiring early replacement, 
since only a limited supply can be stored in the body at any one time. 
In some instances (severe burns are one example), massive doses of 1 g 
daily may be needed. Vitamin B complex is advantageously given daily. 
Vitamin K is indicated if the prothrombin time is elevated. This should 
be suspected whenever the normal formation of vitamin K in the bowel 
is interfered with by gastric suction, jaundice, the oral administration 
of broad-spectrum antibiotics, starvation, or prolonged intravenous 
alimentation. Objective evidence of improved nutrition may be docu-
mented with rising serum protein concentrations, especially albumin, 
prealbumin, and transferrin, or with the return of a positive skin test 
for immunocompetence. Certainly if the patient’s condition requires 
urgent treatment, surgery should not be delayed to correct preoperative 
malnutrition, and the surgeon should plan methods of postoperative 
nutrition including the possible placement of a feeding jejunostomy or 
planning on total parenteral nutrition. 

Blood transfusions may be needed to correct severe anemia or to replace 
defi cits in circulating blood volume. Properly spaced preoperative trans-
fusions can do more to improve the tolerance for major surgery in poor-
risk patients than any other measure in preparation. Blood should be given 
if the patient is anemic. Such defi cits have oft en been found even when the 
hemoglobin and hematocrit are normal, as they will be when both plasma 
volume and red cell volume are contracted concurrently. Th is situation has 
been dramatically termed “chronic shock,” since all the normal defenses 
against shock are hard at work to maintain the appearance of physiologic 
equilibrium in the preoperative period. If the unsuspecting surgeon fails to 
uncover the recent weight loss and, trusting the hemoglobin, permits the 
patient to be anesthetized with a depleted blood volume, vasoconstriction 
is lost and vascular collapse may promptly ensue. Th e hemoglobin level 
should be brought to approximately 10 g/dL or the hematocrit to 30 per-
cent before elective surgery in which a signifi cant blood loss is anticipated 
or if the patient has limited cardiopulmonary reserve.

Time for the restoration of blood volume and caution are both neces-
sary, especially in older people. If the initial hemoglobin is very low, the 
plasma volume must be overexpanded. Packed red cells are specifi cally 
needed rather than whole blood. Each 500 mL of blood contains 1 g of 
salt in its anticoagulant. As a result, cardiac patients may have some dif-
fi culty with multiple transfusions from the salt or plasma loading, and 
diuretics can be very helpful. Th ere has also been some concern about the 
potassium in blood stored a week or more. Th is should never prevent a 

needed transfusion, but it is a consideration in massive transfusions in 
emergency situations.

Patients requiring treatment for acute disturbances of the blood, plasma, 
or electrolyte equilibrium present a somewhat diff erent problem. Immedi-
ate replacement is in order, preferably with a solution that approximates the 
substances being lost. In shock from hemorrhage, replacement should be 
made with electrolyte solutions plus blood, although plasma substitutes, 
such as dextran or hydroxyethyl starch solutions, can provide emergency aid 
in limited amounts (up to 1,000 mL) until blood or plasma is available. In 
severe burns, plasma, blood, and normal saline or lactated Ringer’s solution 
are in order. In vomiting, diarrhea, and dehydration, water and electrolytes 
will oft en suffi  ce. In many of these patients, however, there is a loss of plasma 
that is easy to overlook. For instance, in peritonitis, intestinal obstruction, 
acute pancreatitis, and other states in which large internal surfaces become 
infl amed, much plasma-rich exudate may be lost, with no external sign to 
warn the surgeon until the pulse or blood pressure becomes seriously dis-
turbed. Such internal shift s of fl uid have been called “third space” losses. 
Th ese losses may require albumin plus electrolyte solutions for proper 
replacement. It is because of these internal losses that many cases of peri-
tonitis or bowel obstruction may require colloid replacement during their 
preoperative preparation.

In all such acute imbalances, a minimum of laboratory determinations 
will include serum or plasma sodium, potassium, chloride, bicarbonate, glu-
cose, and urea nitrogen. Calcium, magnesium, and liver function tests 
may be useful, while arterial blood gases with pH, bicarbonate concen-
tration Po2 and Pco2 enable accurate and repeated evaluation of the res-
piratory and metabolic components involved in an acidosis or alkalosis. 
Systemic causes of metabolic acidosis or alkalosis must be corrected. In 
either case, potassium may be needed. It should be given in suffi  cient 
quantity to maintain a normal serum level but only aft er the urine out-
put is adequate to excrete any excess. Although the laboratory data are 
useful, the key to adequate replacement therapy is found in the patient’s 
clinical course and in his or her intake-output record. Evidence of restor-
ation is found in a clearing mentation, a stable blood pressure, a falling 
pulse rate and temperature curve, improved skin turgor, and an increase 
in urine output.

Antibiotic agents have proved their usefulness in preparing the patient 
whose condition is complicated by infection or who faces an operation 
where infection is an unavoidable risk. For procedures on the large bowel, 
preparation with certain oral preparations combining nonabsorbable anti-
biotics, purgatives, and zero-residue high-nitrogen diets will reduce the 
presence of formed stool and diminish the bacterial counts of the colon 
and theoretically result in safer resections of the lower bowel. In jaundiced 
patients and in others seriously ill with liver disease, cleansing and mini-
mizing bacterial metabolism within the bowel may provide the necessary 
support through a major operative intervention. Decompression of an 
obstructed, septic biliary tree from above by percutaneous transhepatic 
catheterization or from below by endoscopic retrograde cholangiopan-
creatography (ERCP) provides bile for culture and antibiotic sensitivity 
studies. Th ese maneuvers may also buy time for further preoperative 
resuscitation that lessens the risk of an urgent operation. Th e benefi cial 
action of the antibiotics must not give the surgeon a false sense of security, 
however, for in no sense are they substitutes for good surgical technique 
and the practice of sound surgical principles.

Th e many patients now receiving endocrine therapy require special 
consideration. If therapeutic corticosteroid or adrenocorticotropic hor-
mone (ACTH) has been administered within the preceding few months, 
the same drug must be continued before, during, and aft er surgery. Th e 
dose required to meet the unusual stress on the day of operation is oft en 
double or triple the ordinary dose. Hypotension, inadequately explained 
by obvious causes, may be the only manifestation of a need for more corti-
costeroids. Some later diffi  culties in wound healing may be anticipated in 
patients receiving these drugs.

Preoperative management of diabetes requires special consideration. Guide-
lines change periodically so the surgeon should consult the institution’s practice 
guideline reference or the endocrinologist or primary care physician for assist-
ance. Some general considerations as recommended at the Ohio University 
Medical Center are outlined below. First Morning procedures are preferred. 
Th e HbA1C should be reviewed. (i.e., for intermediate/high risk). If poor gly-
cemic control is identifi ed (HbA1C �9%), the patient should be referred to 
the primary physician or endocrinologist for medication adjustment. Th e 
surgeon may consider postponing nonemergent surgery or procedures until 
medication adjustments are made. Th e patient should be instructed to hold 
all metformin-containing products 1 day prior to surgery. If the patient has 
inadvertently taken metformin and will undergo any procedure that will 
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compromise renal function, the surgeon may consider canceling the case. 
If patient will not undergo a procedure that may impair renal function, it is 
not necessary to cancel the case. If the patient uses other oral or noninsulin 
injectable diabetes medications (Symlin, Byetta) the morning of the proced-
ure, withholding of these medications should be discussed with the primary 
care physician, endocrinologist, and anesthesiologist if possible. Likewise, 
short-acting insulin (lispro, aspart, glulisine) may be held the morning of 
the procedure unless the patient uses correction dosing in the fasting state. 
Adjustments in basal insulin (NPH, glargine, and detemir) should be made by 
the primary physician or endocrinologist. For morning surgery the evening 
dose of NPH or lente insulin may be reduced by 20% and the morning dose 
by 50%. For once a day basal insulin (glargine, detemir), the dose of the even-
ing before or the morning of may be reduced by 20%. For split-mixed insulin 
(70/30, 75/25, 50/50), the prior evening dose may be reduced by 20% and the 
morning of dose by 50%. During continuous infusion of insulin with a pump, 
one may consider a 20% reduction in basal rates to begin at midnight prior 
to the scheduled surgery. For procedures lasting 3 hours or less, the infusion 
may be continued. For procedures lasting more that 3 hours, the continuous 
infusion should be discontinued and intravenous insulin infusion started 
according to the institutional protocol and/or according to the recommenda-
tions of the endocrinologist. 

Th e patient’s normal blood pressure should be reliably established by 
multiple preoperative determinations as a guide to the anesthesiologist. 
An accurate preoperative weight can be a great help in managing the pos-
toperative fl uid balance.

Well-prepared surgeons will assure themselves of a more than 
adequate supply of properly cross-matched blood and blood products 
if a coagulopathy is anticipated. In all upper abdominal procedures, 
the stomach should be decompressed and kept out of the way. It has 
a tendency to fill with air during the induction of anesthesia, but this 
may be minimized by inserting a nasogastric tube prior to operation or 
after endotracheal intubation. In cases of pyloric obstruction, emptying 
the stomach will not be easy; nightly lavages with a very large Ewalt 
tube may be required. A Foley catheter may be used to keep the blad-
der out of the way during pelvic procedures. Postoperatively, this can 
be a great help in obtaining accurate measurements of urine volume at 
hourly intervals, particularly when there has been excessive blood loss 
or other reason to expect renal complications. In general, a good hourly 
urine output of 40 to 50 mL per hour indicates satisfactory hydration 
and an adequate effective blood volume for perfusion of vital organs. 
Finally, the surgeon should forewarn the nursing staff of the expected 
condition of the patient after operation. This will assist them in having 
necessary oxygen, aspirating apparatus, special equipment or monitors, 
and so forth at the patient’s bedside upon his or her return from the 
recovery room.

Th e anesthesiologist should interview each patient prior to operation. In 
those with serious pulmonary or constitutional diseases in need of exten-
sive surgery, the choice of anesthesia is an exacting problem with serious 
consequences. Hence, the surgeon, the anesthesiologist, the primary phys-
ician, and appropriate consulting specialists may want to confer in advance 
of surgery in these complicated cases.

In scheduling the procedure, the surgeon will consider the specific 
equipment needed. This may include but not be limited to electrocaut-
ery or other energy sources, special scopes such as a choledochoscope, 
intraoperative ultrasound, grafts or prosthetics, and the need for fluor-
oscopy. In addition, one might consider the method of postoperative 
pain control. Is an epidural appropriate for postoperative pain manage-
ment, or will a patient-controlled analgesic pump suffice? If the former 
is considered, the anesthesia team should be made aware as additional 
time would need to be factored for placement so as not to delay the 
procedure. In addition, the decision for invasive monitoring should be 
made in collaboration with anesthesia. Finally, if any consultants are 
anticipated to be needed at surgery, such as a urologist for placement of 
a ureteral stent, these arrangements should be established prior to the 
day of the operation. 

OPERATIVE MANAGEMENT Th e surgical and anesthesia teams and 
nursing have the responsibility of ensuring the safety of the patient during 
the operative procedure. On the day of surgery prior to the operation, the 
key responsibility of the surgeon is to mark the site or side of the surgery. 
Th e use of surgical checklists may be helpful in improving patient safety. 
Th e outline shown in table 1 is based on the World Health Organization 
(WHO) Guidelines for Safe Surgery (2009).

Before induction of anesthesia, the nurse and an anesthesia team mem-
ber confi rm that: (1) Th e patient has verifi ed his or her identity, the sur-
gical site, procedure, and has signed an informed consent; (2) the surgical 

site has been marked; (3) the patient’s allergies are identifi ed, accurate, and 
communicated to the team members; (4) the patient’s airway and risk of 
aspiration have been assessed and, if needed, special equipment for intuba-
tion procured; (5) blood is available if the anticipated blood loss is greater 
than 500 mL; and (6) a functional pulse oximeter is placed on the patient. 
Best safety practices in the operating room include taking a timeout. Before 
the skin incision is made, the entire team takes a timeout. Th is means they 
stop what they are doing and focus on the safety of the patient. During this 
timeout the team orally confi rms: (1) all team members by name; (2) the 
patient’s identity, surgical site, and procedure; (3) that prophylactic antibiot-
ics have been administered �60 minutes before the operation; (4) special 
equipment is available; (5) imaging results for the correct patient are dis-
played; and (6) review of anticipated surgical and anesthesia critical events 
including sterility of the equipment and availability. At the completion of 
the procedure and prior to the patient leaving the operating room, the team 
orally confi rms: (1) the procedure as recorded; (2) correct sponge, needle, 
and instrument counts if applicable; (3) the specimen is correctly labeled, 
including the patient’s name; (4) any issues with equipment that need to be 
addressed; and (5) key concerns for the postoperative management of the 
patient. If the patient is being admitted to an intensive care unit bed, then 
there needs to be written and oral communication with the receiving team 
concerning the above.

TABLE 1 CHECKLIST FOR SAFE SURGERY

1. Sign In (Before Induction)—Performed Together by Nursing 
and Anesthesia
• Team Members Introduce Themselves by Name and Role
• Patient Identifi cation 

  Procedure
  Site and Side
  Confi rmed Consent
  Blood Band
  Allergies

• Confi rmation of Site Marking, when applicable
• Anesthesia Assessment

  Anesthesia Machine Check
  Monitors functional?
  Diffi cult Airway?
  Suction Available?
  Patient’s ASA status

• Blood Available
  Anticipated Blood Loss Risk
  Equipment Available
2. Time Out (Before Skin Incision)—Initiated/Led by Surgeon

• Confi rm Team Members/Introduce Themselves
• Operation To Be Performed
• Anticipated Operative Course
• Site of Procedure
• Patient Positioning
• Allergies
• Antibiotics Given—Time
• Imaging Delayed

3. Sign Out (Procedure Completed)—Performed by OR Team
• Performed Procedure Recorded
• Body Cavity Search Performed
• Uninterrupted Count 

  Sponges
  Sharps
  Instruments

• Counts Correct 
  Sponges
  Sharps
  Instruments

• Specimens Labeled
• Team Debriefi ng 
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POSTOPERATIVE CARE Postoperative care begins in the operating room 
with the completion of the operative procedure. Th e objective, like that 
of preoperative care, is to maintain the patient in a normal state. Ideally, 
complications are anticipated and prevented. Th is requires a thorough 
understanding of those complications that may follow surgical procedures 
in general and those most likely to follow specifi c diseases or procedures.

Th e unconscious patient or the patient still helpless from a spinal anes-
thesia requires special consideration, having to be lift ed carefully from table 
to bed without unnecessary buckling of the spine or dragging of fl accid 
limbs. Th e optimum position in bed will vary with the individual case.

Patients who have had operations about the nose and mouth should 
be on their sides with the face dependent to protect against aspiration of 
mucus, blood, or vomitus. Major shift s in position aft er long operations are 
to be avoided until the patient has regained consciousness; experience has 
shown that such changes are badly tolerated. In some instances, the patient is 
transferred from the operating table directly to a permanent bed which may 
be transported to the patient’s room. Aft er the recovery of consciousness, 
most patients who have had abdominal operations will be more comfortable 
with the head slightly elevated and the thighs and knees slightly fl exed. Th e 
usual hospital bed may be raised under the knees to accomplish the desired 
amount of fl exion. If this is done, the heels must also be raised at least as high 
as the knees, so that stasis of blood in the calves is not encouraged. Patients 
who have had spinal anesthesia ordinarily are kept in bed for several hours 
to minimize postanesthetic headache and orthostatic hypotension.

Postoperative pain is controlled by the judicious use of narcotics. New 
techniques include the continued infusion of preservative-free morphine 
(Duramorph) into an epidural catheter which is left  in place for several days 
or the use of a patient-controlled analgesia (PCA) intravenous infusion sys-
tem containing morphine or meperidine. It is a serious error to administer 
too much morphine. Th is will lower both the rate and amplitude of the respi-
ratory excursions and thus encourage pulmonary atelectasis. Antiemetic 
drugs minimize postoperative nausea and potentiate the pain relief aff orded 
by narcotics. Some newer antihistamines also sedate eff ectively without 
depressing respirations. On the other hand, patients should be instructed 
to make their pain known to the nurses and to request relief. Otherwise, 
many stoic individuals, unaccustomed to hospital practice, might prefer to 
lie rigidly quiet rather than disturb the busy staff . Such voluntary splinting 
can lead to atelectasis just as readily as does the sleep of morphia.

Although postoperative care is a highly individual matter, certain groups 
of patients will have characteristics in common. Th e extremes of life are 
an example. Infants and children are characterized by the rapidity of their 
reactions; they are more easily and quickly thrown out of equilibrium with 
restriction of food or water intake; they are more susceptible to contagious 
diseases that may be contracted during a long hospitalization. Conversely, 
the healing processes are swift er, and there is a quicker restoration to nor-
mal health. Th e accuracy of their fl uid replacement is a critical matter, since 
their needs are large and their little bodies contain a very small reserve. 
Infants require 100 to 120 mL of water for each kilogram of body weight 
each day; in dehydration, twice this amount may be allowed.

Th e calculation of fl uid needs in infants and children has been related to 
body surface area. Pocket-sized tables are available for the quick determi-
nation of surface area from age, height, and weight. In this system, from 
1,200 to 1,500 mL of fl uid per square meter are provided for daily main-
tenance. Parenteral fl uids should contain the principal ions from all the 

body compartments (sodium, chloride, potassium, calcium) but not in 
high or “normal” concentrations. Solutions containing electrolytes at about 
half isotonic strength and balanced for all the ions are now available. Th ose 
containing only dextrose in water are best avoided. Colloids, such as blood 
or albumin, are indicated in severely depleted infants and whenever acute 
losses occur, just as in adults. Ten to 15 mL per kilogram of body weight may 
be given slowly each day.

Th e body weight should be followed closely. Very small infants should 
be weighed every 8 hours, and their orders for fl uid therapy reevaluated as 
oft en. Infants and children have a very low tolerance for overhydration. Since 
accidents can happen everywhere, the fl ask for intravenous infusion hanging 
above an infant should never contain more water than the child could safely 
receive if it all ran in at once—about 20 mL per kilogram of body weight.

Elderly patients likewise demand special considerations. Th e elderly 
population is rapidly expanding in numbers; with age, their medical dis-
eases and treatments become more complex. Th e aging process leaves its 
mark on heart, kidneys, liver, lungs, and mind. Response to disease may be 
slower and less vigorous; the tolerance for drugs is usually diminished; and 
serious depletions in the body stores may require laboratory tests for detec-
tion. Awareness of pain may be much decreased or masked in the aged. A 
single symptom may be the only clue to a major complication. For this rea-
son, it is oft en wise to listen carefully to the elderly patient’s own appraisal 
of his or her progress, cater to any idiosyncrasies, and vary the postopera-
tive regimen accordingly. Elderly patients know better than their physicians 
how to live with the infi rmities of age. For them, the routines that have 
crept into postoperative care can become deadly. Th oracotomy and gastric 
tubes should be removed as soon as possible. Immobilizing drains, pro-
longed intravenous infusions, and binders should be held to a minimum. 
Early ambulation is to be encouraged. Conversely, if an elderly patient is not 
doing well, the surgeon should have a low threshold to place such an at-risk 
senior in an intensive care unit (ICU) aft er a complicated operation. In this 
setting, the patient will be monitored more frequently than on the fl oor; 
also, critical pulmonary, hemodynamic, and metabolic treatments may be 
pursued more aggressively.

As long as a postoperative patient requires parenteral fl uids, accurate 
recordings of the intake and output and daily body weight are essential for sci-
entifi c regulation of water and electrolytes. Th en the amount and type of fl uid 
to be given each day should be prescribed individually for each patient. Intake 
should just equal output for each of the important elements: water, sodium, 
chloride, and potassium. For each of these, a certain loss is expected each day 
in the physiology of a normal person. In table 2, these physiologic losses 
are listed in part A. Th ere are two major sources of loss requiring replace-
ment in every patient receiving intravenous fl uids: (1) vaporization from skin 
and lungs, altered modestly by fever, but with a net average of about 800 mL 
per day in an adult; and (2) urine fl ow, which should lie between 1,000 and 
1,500 mL daily. (In the normal stool, the loss of water and electrolytes is insig-
nifi cant.) About 2,000 mL of water per day satisfy the normal physiologic 
requirements. It is a common error to administer too much salt in the form of 
normal saline in the immediate postoperative period. Normal losses are more 
than satisfi ed by the 4.5 g available in 500 mL of normal saline or a balanced 
electrolyte solution such as lactated Ringer’s (L/R) solution. Many patients do 
well on less unless there is pathologic fl uid loss from suction or drainage. Th e 
remainder of the normal parenteral intake should be glucose in water, as the 
nutritional requirements of the patient dictate.

TABLE 2  INTRAVENOUS FLUID REPLACEMENT FOR SOME COMMON EXTERNAL LOSSES

mEq per Liter IV Replacement with

Na� Cl� K� Volume of Water Saline or L/R Dex/W Add K�

A. Physiologic
Skin, lungs 0 0 0 800 mL — 800 mL —
Good urine fl ow 40 50 30 1,200 mL 500 mL 700 mL Optional

B. Pathologic
Heavy sweating 50 60 5 350 mL/°C fever ½ either ½ —
Gastric suction 60 90 10 mL for mL output ½ saline ½ Add 30 mEq/L
Bile 145 100 41 mL for mL output 1 either — —
Pancreatic juice 140 75 4 mL for mL output 1 either — —
Bowel (long tube) 120 100 10 mL for mL output 1 either — Add 30 mEq/L
Diarrhea 140 100 30 mL for mL output 1 either — Add 30 mEq/L
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To the physiologic output must be added, for replacement purposes, 
any other loss of body fl uids that may result from disease. Some common 
sources for pathologic external losses are listed in part B of table 2. In 
any of these losses, appropriate replacement depends upon an accurate 
intake-output record. If perspiration or fi stulae are seeping large quantities 
of fl uid on dressings or sheets, these may be collected and weighed. Th ese 
fl uids should be replaced volume for volume. All of these losses are rich in 
electrolyte content, and their replacement requires generous quantities of 
saline and electrolytes, in contrast to the very small amounts needed for 
normal physiologic replacement. Selection of the appropriate intravenous 
solutions may be made from a knowledge of the average electrolyte content 
in the source of the loss. table 2 provides some of these data and suggests 
formulae by which intravenous restitution may be made. Th us, 1,000 mL of 
nasogastric suction output may be eff ectively replaced by 500 mL of saline 
plus 500 mL of dextrose and water with extra potassium chloride (KCl) 
added. Approximations of the formulae to the closest 500 mL are usually 
satisfactory in the adult. However, when losses arise from the gastrointes-
tinal system below the pylorus, some alkaline lactate or bicarbonate solu-
tions will eventually be necessary. When large volumes are being replaced, 
the adequacy of the therapy should be checked by daily weighing and by 
frequent measurement of serum electrolyte concentrations. When 3 to 6 L 
or more of intravenous fl uids are required daily, the precise selection of 
electrolytes in this fl uid becomes very important. Th e day should be broken 
into 8- or 12-hour shift s, with new orders for the fl uid volume and electro-
lyte mixture at the start of each time interval. Th ese new estimates are based 
upon repeated and updated measurements of body weight, input and out-
put data, serum electrolytes, hematocrit, and the electrolyte composition of 
abnormal fl uid losses and urine. Th e old principle of dividing the problem 
into smaller segments will improve the ability to conquer it.

Th e administration of potassium requires special consideration. Although 
this is an intracellular ion, its concentration in the plasma must not be raised 
above 6 mEq/L during any infusion, or serious cardiac arrhythmias may 
result. Ordinarily, when the kidneys are functioning properly, any excess 
potassium is quickly excreted and dangerous plasma levels are never 
reached. Small quantities of potassium should be added to the intravenous 
infusion only aft er good postoperative urine fl ow has been established. 
Th ere are huge intracellular stores of this ion, so that there need be no rush 
about giving it. On the other hand, pathologic fl uid losses from the main 
intestinal stream—the stomach or bowel—are rich in potassium. Aft er a 
few days of such losses, suffi  cient depletion can occur to produce paralytic 
ileus and other disturbances. Th erefore, it is best to give potassium gener-
ously, once the urine output is clearly adequate, and to monitor its level 
with plasma electrolyte tests or the height of the T wave in the electrocar-
diogram in urgent situations.

Surgeons should interest themselves in the details of the patient’s diet 
aft er surgery. Prolonged starvation is to be avoided. On the fi rst day, the 
diet may need to be restricted to clear liquids, such as tea. Fruit juices may 
increase abdominal distention and are best omitted until the third postoper-
ative day. In a convalescence proceeding normally, a 2,500-calorie diet with 
100 g of protein may oft en be started on the second or third postoperative 
day. Weighing should continue at twice-weekly intervals aft er diet is resumed. 
Weight portrays the nutritional trend and may stimulate more effi  cient feed-
ing or a search for hidden edema in the case of too rapid a gain.

Ordinarily, constant gastrointestinal suction will be employed aft er opera-
tions upon the esophagus or resections of the gastrointestinal tract and in 
the presence of peritonitis, ileus, or intestinal obstruction. If ileus or intesti-
nal obstruction appears postoperatively, a nasogastric tube may be used for 
decompression of the stomach and indirectly the small bowel. Th e long Can-
tor tube is rarely used for distal decompression, as it cannot be easily passed 
into the small bowel. Th e tube is usually kept in place for 2 to 5 days and 
removed as normal bowel function returns. Th is will be evidenced by resump-
tion of peristalsis, the passage of fl atus, and the return of appetite. When it is 
anticipated that gastrointestinal suction will be needed for a more prolonged 
time, a gastrostomy placed at operation may provide gratifying comfort to 
the patient. It has proved effi  cient in maintaining suction and keeping dis-
tention to a minimum, particularly in the elderly patient with chronic lung 
disease, whose nasopharyngeal space must be kept as clear of contamination 
as possible. Feeding by way of a jejunostomy catheter or a gastrostomy tube 
may also be of value, particularly in the patient who is unable to swallow or 
who has diffi  culty in maintaining an adequate caloric intake.

No set rule can be laid down for the particular time at which a patient is 
permitted out of bed. Th e tendency at present is to have the patient ambulatory 

at the earliest possible moment, and most patients may be allowed out of 
bed on the fi rst day aft er operation. A longer period of rest may be essen-
tial to patients who have recently been in shock or who suff er from severe 
infection, cardiac insuffi  ciency, cachexia, severe anemia, or thrombophle-
bitis. Th e principle of early ambulation has unquestionably speeded up the 
recovery period, accelerated the desire and tolerance for food, and probably 
decreased the incidence and severity of respiratory complications.

Th e surgeon should distinguish between ambulation and sitting in a 
chair; the latter actually may favor deep venous thrombosis. Every surgeon 
should establish a method of assisting patients out of bed and should teach 
these principles to those responsible for the bedside care. On the evening of 
the operation, the patient is encouraged to sit on the edge of the bed, kick 
his or her legs, and cough. Such patients are urged to change their posi-
tion in bed frequently and move their legs and feet. Th e following day, the 
patient is turned on the side (wound side down) with the hips and knees 
fl exed. Th is brings the knees to the edge of the bed, and an assistant then 
helps raise the patient sideways to a sitting position as the feet and lower 
legs fall over the side of the bed. Th e patient then swings the legs and moves 
feet to the fl oor, stands erect, breathes deeply, and coughs several times. Fol-
lowing this, the patient takes 8 or 10 steps and sits in a chair for 10 minutes, 
then returns to bed by a reversal of the foregoing steps. Once the patient has 
been up, he or she is encouraged at fi rst to get up twice daily and later on to 
be up and walking as much as health and strength condition permit.

A sudden decrease in vital capacity may signal an impending pulmo-
nary complication or an infl ammatory process (abscess) adjacent to the 
diaphragm. Likewise, electrolyte imbalance, abdominal distention, or ten-
derness may decrease the vital capacity. Incentive spirometry is a helpful 
adjunct, particularly for those patients who will not or cannot breathe well 
for themselves. Frequent deep breathing and coughing in the postopera-
tive period assist in clearing the bronchial tree of fl uid collection, whereas 
ultrasonic or nebulized mists may be needed to loosen dried secretions. In 
such patients, pulmonary physical therapy with clapping, positive-pressure 
inhalation with bronchodilators, and postural drainage may be required. 
Daily examination with palpation of the calves and popliteal and adductor 
regions should be performed by the surgical team. Increase in calf circum-
ference may be due to the edema of an otherwise unsuspected deep venous 
thrombosis (DVT). Th e onset of phlebitis has been clearly related to slowed 
venous return from the lower extremities during operation and postop-
erative immobility. Venous stasis can be reduced by wearing elastic stock-
ings, elastic wrappings, or sequential compression stockings to the calves. 
In high-risk patients, including those with a history of DVT, perioperative 
anticoagulation should be considered.

With the occurrence of a DVT, anticoagulant therapy should be insti-
tuted at once, so that disabling or fatal pulmonary embolism may be avoided. 
Th rombosis is to be considered always as a potential complication; it appears 
to be more common in elderly and obese individuals, in infective states, and 
in malignant disease. Early ambulation has not eradicated this dreaded com-
plication, and a sudden cardiopulmonary collapse several uneventful days 
aft er surgery may signal a pulmonary embolus from silent DVT.

Disruption of abdominal wounds is fortunately infrequent. It is more 
common in patients who have extensive surgery for carcinoma or obstruc-
tive jaundice. Contributing factors may be vitamin C defi ciency, hypopro-
teinemia, steroid use, vomiting, abdominal distention, wound infection, or 
a need to cough excessively if preoperative tracheobronchial toilet was not 
well accomplished. Th e disruption is rarely recognized before the 7th and is 
exceedingly rare aft er the 17th and 18th days. A sudden discharge from the 
wound of a large amount of orange serum is pathognomonic of dehiscence. 
Investigation may disclose an evisceration with a protruding loop of bowel 
or merely lack of healing of the walls of the wound. Th e proper treatment 
consists of replacing the viscera under sterile conditions in the operating 
room and closing the wound by through-and-through interrupted inert 
sutures of heavy size (as described in Plate 7).

Th e surgeon must assume the responsibility for all untoward events 
occurring in the postoperative period. Th is attitude is necessary for prog-
ress. Too oft en surgeons are content to explain a complication on the basis 
of extraneous infl uences. Although the surgeon may feel blameless in the 
occurrence of a cerebral thrombosis or a coronary occlusion, it is inescap-
able that the complication did not arise until the operation was performed. 
Only as surgeons recognize that most sequelae of surgery, good and bad, are 
the direct results of preoperative preparation, of performance of the opera-
tive procedure, or of postoperative care will they improve his or her care of 
the patient and while attempting to prevent all avoidable complications.
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CHAPTER IV

AMBULATORY SURGERY

Ambulatory, or outpatient, surgery is applicable to relatively few chapters 
in this Atlas. However, the repair of inguinal, femoral, and small umbilical 
hernias, breast biopsies, excision of skin tumors, and many plastic pro-
cedures are commonly performed in an ambulatory setting. In addition, 
many gynecologic procedures as well as certain orthopedic, otolaryngo-
logic, and other procedures are performed in this area. Th e decision for or 
against ambulatory surgery may depend on the facilities available, as well 
as on the presence of an in-house anesthesiologist, recovery room, and 
observational unit. If all of these are available, some surgeons will also per-
form minimally invasive or laparoscopic procedures. Many patients tend 
to feel reassured by plans for ambulatory surgery, which in the majority of 
instances does not involve hospital admission. Obviously, the guidelines 
for this approach may well be altered by the patient’s age and any changes 
in physical status.

Th e surgeon is responsible for making the specifi c decision for or against 
ambulatory surgery provided that the patient fi nds it acceptable. Th e atti-
tude of the patient, the nature of the surgical problem, the depth of fam-
ily support that will be available postoperatively, and the type of facility in 
which the procedure is to be performed must all be taken into consideration. 
Hospital guidelines usually indicate the procedures found to be appropriate 
and acceptable to that particular institution as defi ned in their credential-
ing of operative privileges and procedures. Th e surgeon may perform very 
minor surgical excisions in a properly equipped offi  ce and more extensive 
procedures in a freestanding facility or one associated with a hospital that 
provides anesthesiologists, equipment, and personnel competent to handle 
unexpected emergencies.

Since the general surgeon will depend upon the use of local anesthe-
sia for many patients undergoing ambulatory surgery, it is important to be 
familiar with the limitations on the amount of each local anesthetic that can 
be safely injected. A review of the nerve supply to the area involved is advis-
able. Although reactions to local anesthestics are relatively uncommon, the 
signs and symptoms, which may include convulsive seizures, should be rec-
ognized, and preparation should be made for the early administration of 
some type of anticonvulsant.

Anesthesiologists tend to triage patients into several categories as defi ned 
by the American Society of Anesthesiologists (ASA). In ASA category I are 
patients who have no organic, physiologic, biochemical, or psychiatric dis-
orders. Th e pathologic process being operated upon is localized and not 
systemic. In ASA category II, patients have a mild to moderate systemic 
disturbance caused either by the condition to be treated or by other patho-
physiologic processes. Examples are mild diabetes or treated hypertension. 
Some would add all neonates under 1 month of age and all octogenarians. 
ASA category III includes patients with severe disturbances or disorders 
from whatever cause. Examples include those with diabetes requiring insu-
lin or patients with angina pectoris. Th e presence of an anesthesiologist is 
essential in the majority of patients in ASA categories II and III.

Ambulatory surgery requires that the fi nal physical evaluation of the 
patient by the surgeon be performed as near the date of the procedure as 
practical. Many ambulatory surgery centers start this process by having the 
patient fi ll out a checklist like those shown in figures 1 and 2. Th is infor-
mation is reviewed by the surgeon, the admitting nurse, and the anesthe-
siologist. Th e patient is assigned to the proper category. ASA categories I 
and II patients are generally excellent candidates for ambulatory surgery, 
whereas ASA category III patients should be carefully selected in consulta-
tion with the anesthesiologist.

Th e period between the examination and the performance of a proce-
dure may be as long as 2 to 4 weeks, but in the winter months, a shorter 
period may be desirable because of the frequency of upper respiratory 
 disorders. Patients should be informed that the development of even 

 suggestive  symptoms of an upper respiratory infection is a possible indica-
tion for postponing the elective procedure.

Patients may also be required to have blood studies, which oft en vary 
with age or organ system impairment. A sickle cell screen is done if clini-
cally indicated, and a hematocrit is usually suffi  cient for ASA category I 
patients under the age of 40. Th ereaft er, renal function tests (BUN or crea-
tinine) and blood glucose tests are added followed by an electrocardiogram 
(especially in males) and a chest radiograph. ASA category III patients who 
have cardiovascular disease, insulin-dependent diabetes, and specifi c organ 
system diseases such as those involving kidneys, liver, or lung require thor-
ough medical and surgical evaluation before being scheduled for an ambu-
latory operation. Medical control of the diseases must be optimized, and a 
preprocedure consultation with the anesthesiologist may be appropriate.

Th e presence of an anesthesiologist provides guidance for the control 
of anxiety in children and adults alike by appropriate preoperative medi-
cation. Sedation with midazolam (Versed) can provide a short interval of 
pleasant forgetfulness while the local anesthetic is being injected. Analgesia 
may be needed; standard narcotics (like meperidine) and short-acting syn-
thetic ones (like fentanyl) are eff ective. Should the patient require a limited 
general anesthesia, thiopental plus nitrous oxide or continuous infusion of 
propofol (Diprivan) off ers the advantage of rapid emergence. Among the 

Figure 1
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conduction anesthesia techniques, a short-duration spinal is possible, but 
epidural infusions are preferred as the patients need not await return of 
motor function to their legs and urinary bladder.

Th e rigid routines of a major operating room in a busy hospital are 
adhered to in the ambulatory surgical setting. A careful, detailed record of 
the procedure, the anesthesia, and the recovery period is made.

In many instances, the resulting scar is quite important. Distortion of the 
skin and subcutaneous tissues by the injection of the local anesthetic agent 
must be recalled because the incision adheres to the direction of the lines 
of skin cleavage. Th e avoidance of administering epinephrine along with 
the anesthetic agent decreases the incidence of postoperative bleeding or 
discoloration of the wound from delayed oozing. Th e skin incision should 
be of suffi  cient length to ensure adequate exposure. While electrocoagula-
tion can be used, individual ligation of active bleeding vessels is better. Th e 
type of suture material, as well as the type of suturing, need not vary from 
the traditional technique of the surgeon.

All specimens removed must be submitted for microscopic evaluation 
by the pathologist. Patients should be informed of any abnormal fi ndings, 
unless it seems more judicious to inform the next of kin, with a full written 
statement of the reasons for doing this on the patient’s record.

Closure of the skin should be done very carefully, whether the proce-
dure is for cosmetic purposes or for the local excision of a benign tumor. 
Some believe subcutaneous closure is less painful than clips or sutures that 
penetrate the skin. Others prefer to use adhesive strips that tend to take the 
tension off  the line of closure. Th e dressing should be as simple as possible, 
unless a compression dressing is desired. Most dressings can be removed in 
2 or 3 days and bathing resumed.

It should be suggested that upon their return home, patients will fi nd a few 
hours in bed desirable while the eff ects of the drugs administered are dimin-
ished. Th ey should be instructed to fi nd the position most likely to give post-
operative comfort. For example, the patient undergoing repair of an inguinal 
hernia should have less discomfort if the knee on the operated side is moder-
ately fl exed over a pillow. Some will be more comfortable with support for the 
scrotum with an ice cap placed intermittently over the area of the incision.

Th e patient undergoing ambulatory surgery should take plenty of fl uids 
for several days. A mild cathartic is helpful in counteracting the eff ect of 
any preoperative narcotics, as well as reducing tension on the wound from 
straining at stool. Stool soft eners (like mineral oil) may prove to be useful if 
prolonged inactivity or narcotic use is anticipated.

Written instructions like those shown in figure 3 should be reviewed 
with the patient and particularly with the responsible family member who 
is taking the patient home. An informed caregiver at home is an essential 
part of the ambulatory surgery experience. If a relative or a caregiver is not 
available, then consideration should be given to overnight observation of 
the patient. Th ese instructions should cover the areas of medications, diet, 
activities, and wound care. Th e feeling of relief that “it is over” does not 
permit the patient to test the strength of the surgical closure or the stability 
of recovery from the anesthestic or any drugs that may have been given. 
Most patients are cautioned to refrain from driving, operating hazardous 
machinery, or making important decisions for 24 hours. Th ey should be 
instructed how to reach the surgeon and be given the telephone number 
of the hospital emergency department in case of an urgent emergency. A 
follow-up telephone call by the ambulatory surgery center or the surgeon 
on the day aft er operation serves to verify that recovery is proceeding satis-
factorily. Most patients greatly appreciate this evidence of concern. A writ-
ten appointment time for return evaluation and checkup is given.

Patients having ambulatory surgery do surprisingly well, and most seem 
to prefer this approach to the long-established tradition of hospitalization. 
It must be admitted that this approach places more preoperative responsi-
bility on the patient, as well as on the surgeon, to meet all the requirements 
for the performance of a procedure. Th e patient must take the time not only 
to be evaluated by the surgeon but to have all the laboratory and radio-
graphic examinations taken care of in advance. Since the tests and the phy-
sician’s fi nal evaluation may precede the day of operation by several weeks, 
the patient must take responsibility to inform the surgeon of any special 
developments, such as a change in condition or the occurrence of an upper 
respiratory infection.

Th e period of recovery before the patient can return to work depends 
on the extent and type of surgical procedure. It is hoped that ambulatory 
surgery will shorten the period of disability and ensure more prompt cor-
rection of the indications for operation.

Figure 2

Figure 3
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PLATE

1 Arterial Blood Supply to 
the Upper Abdominal Viscera

Th e stomach has a very rich anastomotic blood supply. Th e largest blood 
supply comes from the celiac axis (1) by way of the left  gastric artery (2). 
Th e blood supply to the uppermost portion, including the lower esopha-
gus, is from a branch of the left  inferior phrenic artery (3). Th e left  gastric 
artery divides as it reaches the lesser curvature just below the esophagog-
astric junction. One branch descends anteriorly (2a) and the other branch 
posteriorly along the lesser curvature. Th ere is a bare area of stomach 
wall, approximately 1 to 2 cm wide, between these two vessels which is 
not covered by peritoneum. It is necessary to ligate the left  gastric artery 
near its point of origin above the superior surface of the pancreas in the 
performance of a total gastrectomy. Th is also applies when 70 percent or 
more of the stomach is to be removed. Ligation of the artery in this area 
is commonly done in the performance of gastric resection for malignancy 
so that complete removal of all lymph nodes high on the lesser curvature 
may be accomplished.

A lesser blood supply to the uppermost portion of the stomach arises 
from the short gastric vessels (4) in the gastrosplenic ligament. Several small 
arteries arising from branches of the splenic artery course upward toward 
the posterior wall of the fundus. Th ese vessels are adequate to ensure viabil-
ity of the gastric pouch following ligation of the left  gastric artery as well 
as of the left  inferior phrenic artery. If one of these vessels predominates, 
it is called the posterior gastric artery; its presence becomes signifi cant in 
radical gastric resection. Mobilization of the spleen, following division of 
the splenorenal and gastrophrenic ligaments, retains the blood supply to 
the fundus and permits extensive mobilization at the same time. Th e blood 
supply of the remaining gastric pouch may be compromised if splenectomy 
becomes necessary. Th e body of the stomach can be mobilized toward the 
right and its blood supply maintained by dividing the thickened portion of 
the splenocolic ligament up to the region of the left  gastroepiploic artery 
(5). Further mobilization results if the splenic fl exure of the colon, as well 
as the transverse colon, is freed from the greater omentum. Th e greater 
curvature is ordinarily divided at a point between branches coming from 
the gastroepiploic vessels (5, 6) directly into the gastric wall.

Th e blood supply to the region of the pylorus and lesser curvature arises 
from the right gastric artery (7), which is a branch of the hepatic artery (8). 
Th e right gastric artery is so small that it can hardly be identifi ed when it is 
ligated with the surrounding tissues in this area.

One of the larger vessels requiring ligation during gastric resection is 
the right gastroepiploic artery (6) as it courses to the left  from beneath the 
pylorus. It parallels the greater curvature. Th e blood supply to the greater 
curvature also arises from the splenic artery (9) by way of the left  gastro-
epiploic artery (5).

Relatively few key arteries need to be ligated to control the major blood 
supply to the pancreas. When the duodenum and head of the pancreas are 
to be resected, it is necessary to ligate the right gastric artery (7) and the 
gastroduodenal artery (10) above the superior surface of the duodenum. Th e 

possibility of damaging the middle colic vessels (11), which arise from the 
superior mesenteric artery and course over the head of the pancreas, must 
always be considered. Th is vessel may be adherent to the posterior wall of 
the antrum of the stomach, and it may course over the second part of the 
duodenum, especially if the hepatic fl exure of the colon is anchored high in 
the right upper quadrant. Th e anterior and posterior branches of the inferior 
pancreaticoduodenal artery (12) are ligated close to their points of origin 
from the superior mesenteric artery (13). Additional branches directly to the 
third portion of the duodenum and upper jejunum also require ligation.

Th e body and tail of the pancreas can be extensively mobilized with the 
spleen. Th e splenic artery located beneath the peritoneum over the superior 
surface of the pancreas should be ligated near its point of origin (9). Th e 
dorsal pancreatic artery (14) arises from the splenic artery near its point of 
origin and courses directly into the body of the pancreas. Following removal 
of the spleen, the inferior surface of the body and tail of the pancreas can be 
easily mobilized without division of major arteries. When the body of the 
pancreas is divided, several arteries will require ligation. Th ese include the 
inferior (transverse) pancreatic artery (15) arising from the splenic artery 
and the greater pancreatic artery (16).

Th e blood supply to the spleen is largely from the splenic artery aris-
ing from the celiac axis. Following ligation of the splenic artery, there is a 
rich anastomotic blood supply through the short gastric vessels (4), as well 
as the left  gastroepiploic artery (5). Th e splenic artery is usually serpen-
tine in contour as it courses along the superior surface of the pancreas just 
beneath the peritoneum. Following division of the gastrosplenic vessels, it 
is advantageous to ligate the splenic artery some distance from the hilus of 
the spleen. Th e gastric wall should not be injured during the division of the 
short gastric vessels high in the region of the fundus. Small blood vessels 
entering the tail of the pancreas require individual ligation, especially in the 
presence of a large spleen and accompanying induration in the region of the 
tail of the pancreas.

Th e blood supply to the gallbladder is through the cystic artery (17), 
which usually arises from the right hepatic artery (18). In the triangular zone 
bounded by the cystic duct joining the common hepatic duct and the cystic 
artery, Calot’s triangle, there are more anatomic variations than are found in 
any other location. Th e most common variations in this zone, which is no lar-
ger than 3 cm in diameter, are related to the origin of the cystic artery. It most 
commonly arises from the right hepatic artery (18) aft er the latter vessel has 
passed beneath the common hepatic duct. Th e cystic artery may arise from the 
right hepatic artery more proximally and lie anterior to the common hepatic 
duct. Other common variations include origin of the cystic artery from the 
left  hepatic artery (19), the common hepatic artery (8), or the gastroduodenal 
artery (10); additionally, these cystic arteries may have uncommon relation-
ships to the biliary ductal system. Th e variations in the hepatoduodenal liga-
ment are so numerous that nothing should be ligated or incised in this area 
until defi nite identifi cation has been made. ■ 
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Venous and Lymphatic Supply 
to the Upper Abdominal Viscera

PLATE

2

Th e venous blood supply of the upper abdomen parallels the arterial blood 
supply. Th e portal vein (1) is the major vessel that has the unique function 
of receiving venous blood from all intraperitoneal viscera with the excep-
tion of the liver. It is formed behind the head of the pancreas by the union 
of the superior mesenteric (2) and splenic (3) veins. It ascends posterior to 
the gastrohepatic ligament to enter the liver at the porta hepatis. It lies in a 
plane posterior to and between the hepatic artery on the left  and the com-
mon bile duct on the right. Th is vein has surgical signifi cance in cases of 
portal hypertension. When portacaval anastomosis is performed, exposure 
is obtained by means of an extensive Kocher maneuver. Several small veins 
(4) from the posterior aspect of the pancreas enter the sides of the superior 
mesenteric vein near the point of origin of the portal vein. Care must be 
taken to avoid tearing these structures during the mobilization of the vein. 
Once hemorrhage occurs, it is diffi  cult to control.

Th e coronary (left  gastric) vein (5) returns blood from the lower esopha-
geal segment and the lesser curvature of the stomach. It runs parallel to the 
left  gastric artery and then courses retroperitoneally downward and medi-
ally to enter the portal vein behind the pancreas. It anastomoses freely with 
the right gastric vein (6), and both vessels drain into the portal vein to pro-
duce a complete venous circle. It has a signifi cance in portal hypertension in 
that the branches of the coronary vein, along with the short gastric veins (7), 
produce the varicosities in the fundus of the stomach and lower esophagus.

Th e other major venous channel in the area is the splenic vein (3), which 
lies deep and parallel to the splenic artery along the superior aspect of the 
pancreas. Th e splenic vein also receives venous drainage from the greater 
curvature of the stomach and the pancreas, as well as from the colon, 
through the inferior mesenteric vein (8). When a splenorenal shunt is per-
formed, meticulous dissection of this vein from the pancreas with ligation 
of the numerous small vessels is necessary. As the dissection proceeds, the 
splenic vein comes into closer proximity with the left  renal vein where 
anastomosis can be performed. Th e point of anastomosis is proximal to the 
entrance of the inferior mesenteric vein.

Th e venous confi guration on the gastric wall is relatively constant. In 
performing a conservative hemigastrectomy, venous landmarks can be 
used to locate the proximal line of resection. On the lesser curvature of 
the stomach, the third branch (5a) of the coronary vein down from the 
esophagocardiac junction is used as a point for transection. On the greater 
curvature of the stomach the landmark is where the left  gastroepiploic vein 

(9) most closely approximates the gastric wall (9a). Transection is carried 
out between these two landmarks (5a, 9a).

Th e anterior and posterior pancreaticoduodenal veins (10) produce an 
extensive venous network about the head of the pancreas. Th ey empty into 
the superior mesenteric or hepatic portal vein. Th e anterior surface of the 
head of the pancreas is relatively free of vascular structures, and blunt dis-
section may be carried out here without diffi  culty. Th ere is, however, a small 
anastomotic vein (11) between the right gastroepiploic (12) and the middle 
colic vein (13). Th is vein, if not recognized, can produce troublesome bleed-
ing in the mobilization of the greater curvature of the stomach, as well as 
of the hepatic fl exure of the colon. Th e pancreaticoduodenal veins have 
assumed new importance with the advent of transhepatic venous sampling 
and hormonal assays for localization of endocrine-secreting tumors of the 
pancreas and duodenum.

In executing the Kocher maneuver, no vessels are encountered unless 
the maneuver is carried inferiorly along the third portion of the duodenum. 
At this point the middle colic vessels (13) cross the superior aspect of the 
duodenum to enter the transverse mesocolon. Unless care is taken in doing 
an extensive Kocher maneuver, this vein may be injured.

Th e lymphatic drainage of the upper abdominal viscera is extensive. 
Lymph nodes are found along the course of all major venous structures. For 
convenience of reference, there are four major zones of lymph node aggrega-
tions. Th e superior gastric lymph nodes (A) are located about the celiac axis 
and receive the lymphatic channels from the lower esophageal segment and 
the major portion of the lesser curvature of the stomach, as well as from the 
pancreas. Th e suprapyloric lymph nodes (B) about the portal vein drain the 
remaining portion of the lesser curvature and the superior aspect of the pan-
creas. Th e inferior gastric subpyloric group (C), which is found anterior to the 
head of the pancreas, receives the lymph drainage from the greater curvature 
of the stomach, the head of the pancreas, and the duodenum. Th e last major 
group is the pancreaticolienal nodes (D), which are found at the hilus of the 
spleen and drain the tail of the pancreas, the fundus of the stomach, and the 
spleen. Th ere are extensive communications among all these groups of lymph 
nodes. Th e major lymphatic depot, the cisterna chyli, is found in the retroperi-
toneal space. Th is communicates with the systemic venous system by way of 
the thoracic duct into the left  subclavian vein. Th is gives the anatomic explana-
tion for the involvement of Virchow’s node in malignant diseases involving the 
upper abdominal viscera. ■
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Anatomy of the Large Intestine
PLATE

3

Because of its embryologic development from both the midgut and hindgut, 
the colon has two main sources of blood supply: the superior mesenteric (1) 
and the inferior mesenteric arteries (2). Th e superior mesenteric artery (1) sup-
plies the right colon, the appendix, and small intestine. Th e middle colic artery 
(3) is the most prominent branch of the superior mesenteric artery. Th e mid-
dle colic artery branches into a right and left  division. Th e right division anas-
tomoses with the right colic (4) and the ileocolic (5) arteries. Th e left  branch 
communicates with the marginal artery of Drummond (6). Th e middle and 
right colic and ileocolic arteries are doubly ligated near their origin when a 
right colectomy is performed for malignancy. Th e ileocolic artery reaches the 
mesentery of the appendix from beneath the terminal ileum. Angulation or 
obstruction of the terminal ileum should be avoided following the ligation of 
the appendiceal artery (7) in the presence of a short mesentery.

Th e inferior mesenteric artery arises from the aorta just below the liga-
ment of Treitz. Its major branches include the left  colic (8), one or more 
sigmoid branches (9, 10), and the superior hemorrhoidal artery (11). Fol-
lowing ligation of the inferior mesenteric artery, viability of the colon is 
maintained through the marginal artery of Drummond (6) by way of the 
left  branch of the middle colic artery.

Th e third blood supply to the large intestine arises from the middle and 
inferior hemorrhoidal vessels. Th e middle hemorrhoidal vessels (12) arise 
from the internal iliac (hypogastric) (13), either directly or from one of its 
major branches. Th ey enter the rectum along with the suspensory ligament 
on either side. Th ese are relatively small vessels, but they should be ligated.

Th e blood supply to the anus is from the inferior hemorrhoidal (14) ves-
sels, a branch of the internal pudendal artery (15). In low-lying lesions wide 
excision of the area is necessary with ligation of the individual bleeders as 
they are encountered.

Th e venous drainage of the right colon parallels the arterial supply and 
drains directly into the superior mesenteric vein (1). Th e inferior mesen-
teric vein, in the region of the bifurcation of the aorta, deviates to the left  
and upward as it courses beneath the pancreas to join the splenic vein. High 
ligation of the inferior mesenteric vein (16) should be carried out before 
extensive manipulation of a malignant tumor of the left  colon or sigmoid in 
order to avoid the vascular spread of tumor cells.

Th e right colon can be extensively mobilized and derotated to the left  
side without interference with its blood supply. Th e mobilization is accom-
plished by dividing the avascular lateral peritoneal attachments of the mes-
entery of the appendix, cecum, and ascending colon. Blood vessels of a size 
requiring ligation are usually present only at the peritoneal attachments of 

the hepatic and splenic fl exures. Th e transverse colon and splenic fl exure 
can be mobilized by separating the greater omentum from its loose attach-
ment to the transverse colon (see Plate 24). Traction on the splenic fl ex-
ure should be avoided lest troublesome bleeding result from a tear in the 
adjacent splenic capsule. Th e abdominal incision should be extended high 
enough to allow direct visualization of the splenic fl exure when it is neces-
sary to mobilize the entire left  colon. Th e left  colon can be mobilized toward 
the midline by division of the lateral peritoneal attachment. Th ere are few, if 
any, vessels that will require ligation in this area.

Th e descending colon and sigmoid can be mobilized medially by divi-
sion of the avascular peritoneal refl ection in the left  lumbar gutter. Th e 
sigmoid is commonly quite closely adherent to the peritoneum in the left  
iliac fossa. Th e peritoneal attachment is avascular, but because of the prox-
imity of the spermatic or ovarian vessels, as well as the left  ureter, careful 
identifi cation of these structures is required. Following the division of the 
peritoneal attachment and the greater omentum, further mobilization and 
elongation of the colon can be accomplished by division of the individual 
branches (8, 9, 10) of the inferior mesenteric artery. Th is ligation must not 
encroach on the marginal vessels of Drummond (6).

Th e posterior wall of the rectum can be bluntly dissected from the hol-
low of the sacrum without dividing important vessels. Th e blood supply of 
the rectum is in the mesentery adjacent to the posterior rectal wall. Fol-
lowing division of the peritoneal attachment to the rectum and division 
of the suspensory ligaments on either side, the rectum can be straightened 
with the resultant gain of considerable distance (Plate 80). Th e pouch of 
Douglas, which may initially appear to be quite deep in the pelvis, can be 
mobilized well up into the operative fi eld.

Th e lymphatic supply follows the vascular channels, especially the 
venous system. Accordingly, all of the major blood supplies of the colon 
should be ligated near their points of origin. Th ese vessels should be ligated 
before a malignant tumor is manipulated. Complete removal of the lym-
phatic drainage from lesions of the left  colon requires ligation of the infe-
rior mesenteric artery (2) near its point of origin from the aorta.

Low-lying malignant rectal lesions may extend laterally along the mid-
dle hemorrhoidal vessels (12) as well as along the levator ani muscles. Th ey 
may also extend cephalad along the superior hemorrhoidal vessels (11). Th e 
lymphatic drainage of the anus follows the same pathway but may include 
spread to the superfi cial inguinal lymph nodes (17). Th e lower the lesion, 
the greater the danger of multiple spread from the several lymphatic sys-
tems involved. ■
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Anatomy of the Abdominal 
Aorta and Inferior Vena Cava

PLATE

4

Th e various vascular procedures that are carried out on the major vessels 
in the retroperitoneal area of the abdominal cavity make familiarity with 
these structures essential. Likewise, surgery of the adrenal glands and the 
genitourinary system invariably involves one or more of the branches of the 
abdominal aorta and inferior vena cava.

Th e blood supply to the adrenals is complicated and diff erent on the 
two sides. Th e superior arterial supply branches from the inferior phrenic 
artery (1) on both sides. Th e left  adrenal receives a branch directly from 
the adjacent aorta. A similar branch also may pass behind the vena cava to 
the right side, but the more prominent arterial supply arises from the right 
renal artery. Th e major venous return (3) on the left  side is directly to the 
left  renal vein. On the right side, the venous supply may be more obscure, 
as the adrenal is in close proximity to the vena cava and the venous system 
(2) drains directly into the latter structure.

Th e celiac axis (A) is one of the major arterial divisions of the abdominal 
aorta. It divides into the left  gastric, splenic, and common hepatic arter-
ies. Immediately below this is the superior mesenteric artery (B), which 
provides the blood supply to that portion of the gastrointestinal tract aris-
ing from the foregut and midgut. Th e renal arteries arise laterally from the 
aorta on either side. Th e left  renal vein crosses the aorta from the left  kid-
ney and usually demarcates the upper limits of arteriosclerotic abdominal 
aneurysms. Th e left  ovarian (or spermatic) vein (13) enters the left  renal 
vein, but this vessel on the right side (5) drains directly into the vena cava.

In removing an abdominal aortic aneurysm, it is necessary to ligate the 
pair of ovarian (or spermatic) arteries (4), as well as the inferior mesenteric 
artery (C). In addition, there are four pairs of lumbar vessels that arise from 
the posterior wall of the abdominal aorta (14). Th e middle sacral vessels will 
also require ligation (12). Because of the infl ammatory reaction associated 
with the aneurysm, this portion of the aorta may be intimately attached to 
the adjacent vena cava.

Th e blood supply to the ureters is variable and diffi  cult to identify. Th e 
arterial supply (6, 7, 8) arises from the renal vessels, directly from the 
aorta, and from the gonadal vessels, as well as from the hypogastric arter-
ies (11). Although these vessels may be small and their ligation necessary, 
the ureters should not be denuded of their blood supply any further than 
is absolutely necessary.

Th e aorta terminates by dividing into the common iliac arteries (9), 
which in turn divide into the external iliac (10) and the internal iliac 
(hypogastric) (11) arteries. From the bifurcation of the aorta, the middle 
sacral vessel (12) descends along the anterior surface of the sacrum. Th ere 
is a concomitant vein that usually empties into the left  common iliac vein 
at this point (12).

Th e ovarian arteries (4) arise from the anterolateral wall of the aorta 
below the renal vessels. Th ey descend retroperitoneally across the ureters 
and through the infundibulopelvic ligament to supply the ovary and sal-
pinx (15). Th ey terminate by anastomosing with the uterine artery (16), 

which descends in the broad ligament. Th e spermatic arteries and veins 
follow a retroperitoneal course before entering the inguinal canal to supply 
the testis in the scrotum.

Th e uterine vessels (16) arise from the anterior division of the internal 
iliac (hypogastric) arteries (11) and proceed medially to the edge of the 
vaginal vault opposite the cervix. At this point, the artery crosses over the 
ureter (“water under the bridge”) (17). Th e uterine vein, in most instances, 
does not accompany the artery at this point but passes behind the ureter. In 
a hysterectomy, the occluding vascular clamps must be applied close to the 
wall of the uterus to avoid damage to the ureter. Th e uterine vessels then 
ascend along the lateral wall of the uterus and turn laterally into the broad 
ligament to anastomose with the ovarian vessels.

Th e lymphatic networks of the abdominal viscera and retroperitoneal 
organs frequently end in lymph nodes found along the entire abdominal 
aorta and inferior vena cava. Lymph nodes about the celiac axis (A) are 
commonly involved with metastatic cancer arising from the stomach and 
the body and tail of the pancreas. Th e para-aortic lymph nodes, which sur-
round the origin of the renal vessels, receive the lymphatic drainage from 
the adrenals and kidneys.

Th e lymphatic drainage of the female genital organs forms an extensive 
network in the pelvis with a diversity of drainage. Th e lymphatic vessels of 
the ovary drain laterally through the broad ligament and follow the course 
of the ovarian vessels (4, 5) to the preaortic and lateroaortic lymph nodes 
on the right and the precaval and laterocaval lymph nodes on the left . Th e 
fallopian tubes and the uterus have lymphatic continuity with the ovary, 
and communication of lymphatics from one ovary to the other has also 
been demonstrated.

Lymphatics of the body and fundus of the uterus may drain laterally 
along the ovarian vessels in the broad ligament with wide anastomoses with 
the lymphatics of the tube and ovary. Lateral drainage to a lesser extent fol-
lows a transverse direction and ends in the external iliac lymph nodes (18). 
Less frequently, tumor spread occurs by lymphatic trunks, which follow the 
round ligament from its insertion in the fundus of the uterus to the inguinal 
canal and end in the superfi cial inguinal lymph nodes (22).

Th e principal lymphatic drainage of the cervix of the uterus is the 
preureteral chain of lymphatics, which follow the course of the uterine artery 
(16) in front of the ureters and drain into the external iliac (18), the com-
mon iliac (19), and obturator lymph nodes. Lesser drainage is by way of the 
retroureteral lymphatics, which follow the course of the uterine vein, pass 
behind the ureter, and end in the internal iliac (hypogastric) lymph nodes 
(20). Th e posterior lymphatics of the cervix, less constant than the other 
two, follow an anteroposterior direction on each side of the rectum to end in 
the para-aortic lymph nodes found at the aortic bifurcation (21).

Th e lymphatics of the prostate and bladder, like those of the cervix, are 
drained particularly by nodes of the external iliac chain (18) and occasionally 
also by the hypogastric (20) and common iliac lymph nodes (19). ■ 
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