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Foreword

It is with tremendous pride that I introduce the sixth edition o  NMS Surgery. T is work has 
occupied a central role in the education o  a generation o  medical students. T e outline  ormat 
makes it a superb re erence  or those learning the basics o  surgery and a thorough review  or those 
who already practice our art.

T e current edition has special signi cance to the University o  Maryland School o  Medicine. 
Dr. Jarrell is the Chie  Academic and Research O  cer and Dean o  the Graduate School. He also 
was my predecessor as Chair o  the Department o  Surgery. Dr. Kavic is the current program 
director o  our surgery residency. T e chapter authors and contributors include a virtual directory 
o  our trainees and  aculty. It is a privilege to be associated with these esteemed educators.

I am continually impressed by the talents o  the surgeons and surgeons-in-training at the 
University o  Maryland. T at quality is re ected in the  ollowing chapters. I know that you will 
enjoy this edition as much as I take pride in it.

Ste phe n  T. Ba rtle t t , MD
Pe te r Ange los  Dis tinguis he d  Profe s s or of Surge ry

Cha ir
De pa rtm e nt of Surge ry

Surge on-in-Chie f
Unive rs ity of Ma ryla nd  Me dica l Sys te m

Unive rs ity of Ma ryla nd  School of Me dic ine
Ba lt im ore , Ma ryla nd

vi
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Pre ace

Welcome to the sixth edition o  NMS Surgery.

T is book aims to build on the legacy o  the previous  ve editions. We have retained much o  the 
organization and  ormat  rom the last versions. At the same time, we have strived to make this 
volume more readable.

It is an increasing challenge to limit content in the  ace o  rapidly expanding surgical knowledge. As 
in previous editions, the text is not meant to be all-inclusive but rather serves as an introduction  or 
the student o  surgery. All o  the chapters have been thoroughly reviewed, rewritten, and updated 
to re ect the current state o  the art in surgery.

T ere are dramatic dif erences in the  ormat o  this volume. Perhaps most importantly, each section 
now begins with “Chapter Cuts and Caveats,” which are some o  the most important principles 
worthy o  the reader’s attention. Within each chapter, we have added “Quick Cuts,” which are 
highlights that have been brought out separately  rom the text. In addition, we have added a 
new section at the end, “Grade A Cuts,” which are pairings that highlight associations in surgical 
thinking.

For the tremendous work put into this edition, we are indebted to the authors. T eir high-quality 
and  requently punctual contributions have made our jobs as editors pleasant. We are also grate ul 
to the editorial team at Wolters Kluwer  or their guidance and support throughout the process.

T e sixth edition o  NMS Surgery is written primarily  or students and residents in general surgery, 
but practicing surgeons as well as physicians in other specialties will no doubt  nd it a use ul 
re erence. We hope that all readers will  nd that the book represents a declaration o  the state o  
surgical art in 2015.

—Bruce  E. J a rre ll, MD
—Ste phe n M. Ka vic , MD

 vii
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Part IIntr du t  n
Chapter Cuts and Caveats

Part I

CHAPTER 1

Princ ip le s  o   Surg ic a l Phys io logy:
 � Management    s  k pat ents requ res resus  tat  n, w th the g al    rest rat  n    per us  n. 
Qu  kly and a  urately f nd ng the s ur e    the  l n  al deter  rat  n and f x ng that pr blem  s 
 ru  al;  therw se, the resus  tat  n w ll ult mately  a l t  all w adequate  xygen del very.

 � Sh  k  s the state    phys  l g   de  mpensat  n result ng  n  nadequate t ssue per us  n 
( xygen demand  utstr ps  xygen supply).

 � Ult mately, n   ne   rmula best determ nes p st perat ve  u d and ele tr lyte management.
 � H gh  nsens ble l sses (b th evap rat ve l sses and leakage  nt  the th rd spa e)    ur dur ng and 
a er surg  al pr  edures that  nv lve  pen b dy  av t es; that are  nvas ve and  pen many t ssue 
planes; that are pr l nged; that are ass   ated w th seps s,  n ammat ry   nd t  ns, and  s hem a 
    rgans; that result  n hyp tens  n; and that are d ne  n emergent sett ngs.

 � Hyperkalem a must be treated aggress vely t  av  d l  e-threaten ng arrhythm as. T e best 
emergent treatment  s IV b  arb nate and IV  nsul n and glu  se, wh  h m ves p tass um 
 ntra ellularly and l wers serum levels. IV  al  um  s als  use ul by a e t ng the thresh ld   r 
a t  n p tent al and de reas ng  ard a  membrane ex  tab l ty.

 � Adequate  xygenat  n  s assessed by m re than bl  d pressure and pulse. It  s als  m n t red by 
assess ng markers    t ssue per us  n (ur ne  utput and renal  un t  n),  xygenat  n ( hest x-ray 
and lung aus ultat  n   r s gns    pulm nary edema, bl  d  xygenat  n, and  ther measures), 
serum ele tr lyte levels, pH, arrhythm as, mentat  n, external s gns    hydrat  n state, hemat  r t, 
and the pat ent’s  verall appearan e.

 � When evaluat ng a pat ent wh   s  l n  ally deter  rat ng, always pr  r t ze the evaluat  n    
d agn ses  n y ur d  erent al that w ll lead t  the  astest and greatest deter  rat  n.

 � New anem a  n a p st perat ve pat ent  s surg  al bleed ng unt l pr ven  therw se. Pa ked RBC 
trans us  n pr v des ex ellent phys  l g   supp rt but has s de e e ts  n lud ng allerg   rea t  ns 
and the p tent al   r  n e t  us transm ss  n—treat blood like a drug! Cler  al err r  s the m st 
  mm n  ause   r trans us  n rea t  n.

 � Enteral nutr t  n  s pre erred  n m st pat ents. T e r sk     entral ven us  atheters  utwe ghs 
nutr t  nal benef ts   r sh rt-term supplementat  n    nutr t  nal supp rt  s needed   r less than 
1 week. L w album n levels   rrelate w th m rtal ty.

 � Pat ents w th  nadequate  xygenat  n  r  n reased w rk    breath ng sh uld have vent lat ry 
supp rt: When in doubt, intubate.

CHAPTER 2

Es s e ntia ls  o   Ge ne ra l Surge ry:
 � F r w und  n e t  ns: Abs ess must be dra ned, ne r t   t ssue must be debr ded,  rep tus 
suggests a ne r t z ng gas-  rm ng  n e t  n demand ng that the w und be  pened,   re gn b d es 
( n lud ng tubes  r dra ns) must be rem ved, and enter   leak must be   ntr lled.
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 � System   ant b  t  s are n t the pr mary treatment   r w und  n e t  ns.
 � Per  perat ve ant b  t  s g ven t  pat ents w th  lean-  ntam nated w unds (wh  h are usually 
 l sed pr mar ly) redu e the  n  den e    w und  n e t  ns and the subsequent r sk    hern a.

 � Any   nd t  n that  nter eres w th the   ur phases    w und heal ng (hem stas s,  n ammat  n, 
pr l  erat  n, and rem del ng) w ll  mpa r the rate    heal ng and the f nal w und strength. B th 
l  al and system    a t rs have an e e t.

 � L  al  a t rs: W unds sh uld be  ree    bleed ng, hemat ma, gr ss   ntam nat  n, and ne r t   
t ssue; w und edges sh uld be  ree    tens  n; and l  al t ssue sh uld be healthy and well 
vas ular zed.

 � System    a t rs that  mpa r w und heal ng: metab l sm, p  r nutr t  nal state, z n  and v tam ns 
A and C def   en y, presen e     n e t  n, hyp x a, l w-  w states, sm k ng, p  rly   ntr lled 
d abetes,  bes ty,   llagen vas ular d seases, and renal and l ver  a lure

 � Med  at  ns: system   glu    rt    ds, s me  hem therapeut   and  mmun suppress ve drugs, 
and ang  genes s  nh b t rs

 � P st perat ve  evers may result  r m the 5 W’s: w und, water, w nd, walk ng, and w nder drugs.
 � Surg  al s te  n e t  ns are a maj r s ur e    m rb d ty and are m st   mm nly due t  sk n   ra 
(espe  ally Staphylococcus).

 � N nheal ng GI f stulas may result  r m FRIEND (  re gn b dy, rad at  n,  n ammat  n, 
ep thel al zat  n, ne plas a, d stal  bstru t  n) and   en resp nd t  n n perat ve management.

CHAPTER 3

Me dic a l Ris k Fa c tors  in Surg ic a l Pa tie nts :
 � Assessment    med  al r sk   r  nvas ve surg  al pr  edures  n ludes a th r ugh h st ry, phys  al, 
and lab rat ry exam nat  n.

 � Pat ents w th  ard a    nd t  ns are at  n reased r sk   r  ard a    mpl  at  ns   ll w ng 
n n ard a  surgery, and standard zed  lass f  at  n systems help strat  y r sk. Fun t  nal  apa  ty 
m re than 4 ME s pred  ts a l w r sk    p st perat ve  ard a  events. Ele t ve surgery sh uld be 
p stp ned at least 4 weeks   ll w ng acute  ard a  events  r revas ular zat  n.

 � All pat ents sh uld be assessed   r the degree    r sk   r ven us thr mb emb l   events, and 
pr phylax s w th hepar n  s appr pr ate   r m st surg  al pat ents.

CHAPTER 4

Li e -Thre a te ning  Dis orde rs : Ac ute  Abdom ina l Surg ic a l Em e rge nc ie s :
 � When evaluat ng a pat ent   r a ute abd m nal pa n, f rst determ ne whether the pat ent has a 
surg  al abd men  n exam nat  n, judged by a d stressed pat ent w th pa n that  s severe and 
general zed and ass   ated w th reb und  r guard ng. Cl n  al judgment  s supplemented by 
rad  graph   stud es, su h as extralum nal per t neal  ree a r, and lab rat ry stud es, su h as 
f nd ngs supp rt ve     s hem a,  n ammat  n, a ute hem rrhage  nt  the per t neal  av ty, 
 r  n e t  n. I  the judgment    a surg  al abd men  s made,  mmed ate  ntervent  n a er 
resus  tat  n  s  nd  ated.

 � GI hem rrhage ne ess tates l  al z ng the bleed ng and   rmulat ng a plan t    ntr l  t be  re 
surgery. Ident  y ng the s ur e    bleed ng  n the  perat ng r  m by evaluat ng the external sur a e 
   the GI tra t  s very d    ult.

 �    manage a s gn f  ant GI hem rrhage, balan  ng three pr blems s multane usly be  mes 
ne essary: v lume resus  tat  n,   agulat  n de e t   rre t  n, and  dent f  at  n and   ntr l    
the s te    hem rrhage.  rans us  n    bl  d and bl  d pr du ts may be  r t  al  n manag ng all 
three pr blems.  rans us  n bey nd several un ts results  n  n reased m rb d ty and m rtal ty 
be ause bl  d and  ts pr du ts have many p tent al s de e e ts, su h as trans us  n rea t  ns w th 
anaphylax s and hem lys s,  n e t  us agent transm ss  n, and  mmune suppress  n, am ng  thers.

 � L  at  n  an  nd  ate   mm n path l gy: RUQ suggests the b l ary tree; RLQ, the append x; and 
LLQ, the s gm  d   l n.
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FLUID AND ELECTROLYTES
Norm a l Body Com pos ition

 I. Body wa te r: Water a   unts   r 50%–70%    b dy we ght (the 
h gher per entage  n y ung pe ple, th n pe ple, and man—the 
l wer per entage  n  lder pe ple,  bese pe ple, and w men). 
B dy water  s d v ded  nt  var  us  ntra ellular and extra ellular 
  mpartments (F g. 1-1).
A.  w -th rds rule: T  s  s a s mple meth d    appr x mat ng 

  mpartment v lume be ause    the var at  n am ng pat ents 
and w th n the same pat ent.   tal b dy water   mpr ses sl ghtly 
less than tw -th rds b dy we ght.

B. Plasma v lume: Us ng the ab ve rule,  5%    b dy we ght  s 
plasma v lume (e.g., 3.5 L   r a 70-kg male). Plasma  s  60%    
the bl  d v lume (   the hemat  r t  s 40%); there  re, the 70-kg 
male has 5 L    bl  d.

 II. Elec trolyte  compos ition: Ele tr lytes determ ne the am unt    
water that ex sts  n any  ne spa e at any t me, and the r   n entrat  ns 
and   mp s t  ns d  er between  ntra ellular and extra ellular spa es 
due t    n pumps (pr n  pally Na /K  A Pase), as sh wn  n  able 1-1. 
Change  n  sm t   pressure  n  ne   mpartment  auses water t  
red str bute  r m the  ther   mpartments t  rega n equ l br um.
A. Intracellular (pr nc pal  sm t c cat  n  s p tass um): has 

h gher   n entrat  n     sm t   and  n  t   (pr te n) part  les 
than the extra ellular   mpartment, thus all w ng water t    w 
 nt  the  ell,  reat ng turg d ty

B. Extracellular (pr nc pal  sm t c cat  n  s s d um): Interst t al 
and plasma   mp s t  n  s nearly but n t qu te  dent  al.

Wa te r a nd Ele c tro lyte  Ma inte na nc e
 I. Wa te r: Requ red am unt depends  n the pers n’s we ght, age, 

gender, and  llness.
A. Water calculat  n meth ds

1. Am unt    b dy water excreted
a. M st water l st  r m the b dy  s thr ugh ur ne 

pr du t  n; generally, 0.5 mL/kg/hr  s the m n mum 
needed t  ex rete the da ly s lute l ad.

Pr n  ples    Surg  al 
Phys  l gy
Steven B. Johnson and Matthew Lissauer

Chapter 1

Quic k Cut
The compartments  

are important because 
calculating f uid losses , 
blood losses , and amount o  
resuscitation needed is  key to 
ensuring patients ’ survival.

Quic k Cut
Two-thirds rule: Total 

body water   (slightly less than) 
two-thirds total body weight.

Quic k Cut
O  total body water, 

two thirds  is  intracellular and 
one third extracellular (three 
 ourths    inters titia l and one 
 ourth   intravascular).

Quic k Cut
Water  ollows  

electrolytes  across  cell 
membranes  to equilibrate 
osmolality.

Quic k Cut
Adequate urine 

output is  ½  mL/kg/hr, or 
about 250 mL/8 hr in adults .
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4 Chapter 1 � Flu d and Ele tr lytes

Tota l body wate r: 60% of tota l body weight

Extrace llula r: 20% of tota l body weight
(1/3 of the  tota l body wate r)

Intrace llula r: 40% of tota l body weight
(2/3 of the  tota l body wate r)

Inte rs titia l: 15% tota l body weight (3/4 of
the  extrace llula r fluid)

Plasma: 5% tota l body weight (1/4 of the
extrace llula r fluid)

Figure  1-1: Water compartments .

Ta b le  1-1: Ele c tro lyte  Com pos ition o   Va rious  Wa te r Com pa rtm e nts

Ele c tro lyte s Intra c e llula r Com pa rtm e nt Extra c e llula r Com pa rtm e nt

Anions

Sodium (Na ) 10 mEq/L 142 mEq/L

Potassium (K ) 140 mEq/L 4 mEq/L

Chloride (Cl ) 4 mEq/L 103 mEq/L

Bicarbonate (HCO3
 ) 10 mEq/L 28 mEq/L

Phosphate (PO4
3 ) 75 mEq/L 4 mEq/L

Sul ate (SO4
2 ) 2 mEq/L 1 mEq/L

Calcium (Ca  )   1 mEq/L 5 mEq/L

Magnesium (Mg  ) 18 mEq/L 2 mEq/L

Orga nic  a c ids — 5 mEq/L

Va rious  pro te ins 40 mEq/L 1 mEq/L
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 Chapter 1 � Pr n  ples    Surg  al Phys  l gy 5

b. T e next h ghest da ly water l ss  s  nsens ble l ss ( .e., sweat, resp rat  n, st  l), wh  h  s 
est mated as 600–900 mL/24 hr.

c. M n mal water ma ntenan e   r a 70-kg man: (70 kg   0.5 mL/kg/hr   24 h urs)   
750 mL/24 hr   1,590 mL/24 hr. (Aga n, th s  s the m n mum and d es n t take  nt  a   unt 
any ex ess l ss su h as  ever, wh  h w ll  n rease the  nsens ble l ss.)

2. B dy we ght: T  s meth d  s   en used   r ped atr   pat ents 
be ause the r b dy we ghts vary w dely; est mat  ns are 
100 mL/kg/day  r 4 mL/kg/hr   r the f rst 10 kg    b dy 
we ght, 50 mL/kg/day  r 2 mL/kg/hr   r the se  nd 10 kg 
   b dy we ght, and 20 mL/kg/day  r 1 mL/kg/hr   r ea h 
add t  nal k l gram    b dy we ght.

3. G ven am unt    water per k l gram    b dy we ght: T e 
value used   r th s meth d  s generally 35–40 mL/kg/day, 
adjusted h gher  r l wer based  n age ( lder adults   en 
requ re  nly 15 mL/kg/24-hr ma ntenan e due t  h gher  at/
l wer mus le mass).

B. Evaluat ng ma ntenance rates: Pat ents n t  nly have d  erent 
ma ntenan e needs, but repla  ng water  r rem v ng ex ess 
water may als  be      n ern (see I C 1). S mple meth ds  n 
the noncritically  ll p pulat  n t  m n t r adequa y     u d 
adm n strat  n  n lude the   ll w ng:
1. Ur ne  utput var at  ns: I  ur ne  utput  s h gh 

( .e.,  1 mL/kg/hr), then less water may be requ red;    
ur ne  utput  s l w, m re water may be requ red,  r  urther 
assessment may be ne essary.

2.  achycard a:  an be a s gn    dehydrat  n  r l w 
 ntravas ular v lume

C. Adjust ng f u d rates and type   r  nd v dual pat ents: F rst, 
 al ulate the pat ent’s ma ntenan e rate, then adjust the am unt 
up  r d wn based  n the need   r resus  tat  n,  r repla ement 
   gastr  ntest nal (GI) l sses, and the type based  n type    
l sses ( able 1-2).
1. Injury,  llness, and surgery: Can result  n  u d l sses due t  bl  d l ss, th rd spa  ng,  nsens ble 

l sses  r m d arrhea,  ever, et . Pr v d ng m re than  al ulated ma ntenan e  u d t  repla e 
l sses (e.g., 1.5  r 2   ma ntenan e)  s ne essary, and rate adequa y  an be judged  r m the 
ab ve  r ter a.

2. Hyperv lem a and d ures s: Pat ents wh  requ re d ures s already are  verl aded w th 
 lu d, and  ntraven us (IV)  lu ds sh uld be w thheld; h wever, ele tr lyte  r nutr t  nal 
aspe ts     lu d adm n strat  n may requ re water as a  arr er   r  ther substan es dur ng 
d ures s.

Quic k Cut
Remember the 

shortcut  or estimating f uid 
maintenance: The  rst 20 kg 
o  weight   60 mL/hr and then 
1 mL/kg/hr above that, so a 
60-kg person   100 mL/hr.

Quic k Cut
Because water 

requirements  vary. Fever, 
environmental temperature, 
and respiratory rate can 
increase insens ible loss  
and increase maintenance 
requirements .

Quic k Cut
Older adults  may not 

produce as  much urine as  the 
young and can be pushed into 
congestive heart  ailure (CHF).

Ta b le  1-2: Ele c tro lyte  Com pos ition o   Ga s tro inte s tina l Se c re tions

Orga n Volum e /da y Na   (m Eq/L) K  (m Eq/L) Cl  (m Eq/L) HCO3
  (m Eq/L)

Stomach 1–5 L 20–150 10–20 120–140 Nil

Duodenum 0.1–2 L 100–120 10–20 110 10–20

Ileum 1–3 L 80–140 5–10 60–90 30–50

Colon 0.1–2 L 100–120 10–30 90 30–50

Gallbladder 0.5–1 L 140 5 100 25

Pancreas 0.5–1 L 140 5 30 (higher when 
not stimulated)

115 (lower when not 
stimulated)

Jarre ll_Ch01.indd   5 4/15/15   8:20 PM




