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OBJECTIVE:  Internis t s  f requent ly  eva luate  preoperat ive  car- 
d iopnlmonary risk and cornAnage cardiac and pu lmonary  
compl icat ions ,  but  the  comparat ive  i n c i d e n c e  and c l in ica l  
importance o f  these  c o m p l i c a t i o n s  are no t  c lear ly  de l ineated .  
This  s tudy evaluated  i n c i d e n c e  and  l ength  o f  s tay  for b o t h  
cardiac and pu lmonary  c o m p l i c a t i o n s  after  e l ec t ive  iaparot-  
omy.  

DESIGN: Nested  case - - contro l .  

SETTING: Univers i ty-aff l i iated Department  o f  Veterans  Af- 
fairs Hospital .  

P A T I E N T S :  C o m p u t e r i z e d  r e g i s t r y  o f  a l l  2 , 2 9 1  p a t i e n t s  
undergoing elect ive abdominal  operations from 1 9 8 2  to 1 9 9 1 .  

M E A S U R E M E N T  AND MAIN R E S U L T S :  Strategy  for ascer-  
ta lnment  and ver i f icat ion o f  c o m p l i c a t i o n s  was  sys t emat i c  
and explicit .  The  charts  o f  all  1 1 6  pat ients  ident i f ied  by the  
registry as having c o m p l i c a t i o n s  and 4 1 2  (19%) randomly  
se lec ted  from 2 , 1 7 5  remain ing  pat ients  were  rev iewed to ver- 
ify presence  or a b s e n c e  o f  cardiac or p n l m o n a r y  compl ica -  
t ions,  us ing  expl ic i t  criteria and  i n d e p e n d e n t  abstract ion  o f  
pre- and postoperat ive  c o m p o n e n t s  o f  charts .  From t h e s e  5 2 8  
validated cases  and contro l s  (23% of  the  cohort) ,  9 6  e a s e s  
and 9 6  controls  were matched by operat ion type and age within 
ten years.  Hospita l  and in tens ive  care  un i t  s tays  were  s ignif-  
icantly  longer (p < 0 . 0 0 0 1  ) for the  c a s e s  than  for the  contro l s  
(24 .1  vs 10 .3  and 5 . 8  vs  1 .5  days,  respect ive ly) .  All  19  deaths  
occurred among  the  cases .  A m o n g  the  cases ,  pu lmonary  com-  
pl icat ions  occurred s ign i f i cant ly  more  o f ten  than  cardiac 
compl icat ions  (p < 0 . 0 0 0 0 1 )  and were  a s s o c i a t e d  with  sig-  
nificantly longer hospital  s tays  ( 2 2 . 7  vs 10 .4  days,  p = 0 . 0 0 1 ) .  
Combined cardiopnlrnonary c o m p l i c a t i o n s  occurred  a m o n g  
26% of  the cases .  Misc las s i f i ca t ion-correc ted  i n c i d e n c e  rates  
for the entire cohor t  were  9 .6% (95% CI 7 . 2 - 1 2 . 0 )  for pul-  
monary and 5.7% (95% CI 3 . 8 - - 7 . 7 )  for cardiac compl ica -  
t ions .  

CONCLUSIONS:  For noncard iac  surgery,  prev ious  research  
has  focused  on  cardiac risk. In  th is  s tudy ,  pu lmonary  com-  
pl icat ions were more  frequent ,  were  a s s o c i a t e d  wi th  longer  
hospital  stay,  and occurred  in c o m b i n a t i o n  wi th  cardiac com-  
pl icat ions in a substant ia l  proport ion  o f  cases .  T h e s e  resu l t s  
suggest  that  further research  is  n e e d e d  to fu l ly  character ize  
the c l inical  ep idemio logy  o f  pos toperat ive  cardiac and pul-  
monary compl i ca t ions  and better  guide  preoperat ive  risk as-  
ses sment .  
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nary compl ica t ions ;  cardiac compl i ca t ions .  
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M 
ore than  three mil l ion in t r a - abdomina l  opera t ions  

are per formed annua l ly  in the Uni ted  S t a t e s . "  2 

Compared wi th  more  per iphera l  procedures ,  these  op- 

erat ions are assoc ia ted  wi th  h ighe r  r isk of p u l m o n a r y  

and cardiac compl ica t ions .  3-5 In te rn i s t s  are  f requent ly  

involved in preopera t ive  risk a s s e s s m e n t  and  coman-  

agement  of these  compl ica t ions .  6-1o Cons iderab le  re- 

search regarding  pred ic t ion  and  p reven t ion  of compli-  

cat ions has  been pub l i shed  in the in te rna l  med ic ine  

li terature.  ~-29 However, research  to date  provides  in- 

adequate  in fo rmat ion  about  the  relative inc idence  and  

clinical impor tance  of card iac  and  p u l m o n a r y  compli-  

cat ions after nonca rd iac  surgery  to guide  preopera t ive  

risk assessment .  
S tudies  to ident i fy r isk  factors for compl ica t ions  

generally do not  repor t  inc idence  of bo th  p u l m o n a r y  and  

cardiac compl ica t ions  and  have  focused more  often on 

cardiac risk. ~-33 In a c o n t i n u o u s  mon th ly  compute r -  

ized li terature search since mid-1987,  us ing  broad search 

terms ( p r e o p e r a t i v e  c a r e  or p o s t o p e r a t i v e  c o m p l i c a -  

t ions) ,  we have found that ,  for nonca rd i ac  surgery,  s tud-  

ies of cardiac r isk  have o u t n u m b e r e d  those  of p u l m o n a r y  

risk approximate ly  3:1. 
Available e s t ima tes  for compara t ive  inc idence  do 

not explain th is  g rea te r  research  focus on cardiac  
complications.23-28. 34-54 Among  25 s tud ies  of noncar -  

diac opera t ions  ident i f ied by a sys temat ic  l i t e ra ture  
search,23_28 34-54 p u l m o n a r y  compl ica t ions  appeared  to 

occur as often as or more  of ten t h a n  cardiac  complica-  
t ions for 17 (68%). 27' 28. 34-48 Over all the  s tudies ,  the  

ranges of inc idence  rates  for p u l m o n a r y  and  cardiac  

complicat ions  were nearly identical :  0.2% to 22.9% and  
0% to 22.5%, respectively. 23-28' 34 54 This  l i t e ra ture  is 
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difficult to i n t e rp re t  for several  r ea sons .  Only seven of 
the 25 s tud ie s  u sed  expl ic i t  c r i t e r ia  to def ine  a t  leas t  
some compl ica t ions .  2~-2v. 34. 44.48. 52 For  e igh t  s tud ies ,  
the type of su rge ry  was  mixed  ~5-28, ~ .  38. 48. 54: for the  

remainder ,  the  types  of o p e r a t i o n s  were  relat ively ho- 
mogeneous .  No s t u d y  expl ic i t ly  r epo r t ed  the  n u m b e r  of  
pa t i en t s  wi th  mul t ip le  p u l m o n a r y  or  ca rd i ac  compl ica-  
t ions or  the  n u m b e r  of p a t i e n t s  w i th  bo th  types  of  com- 
pl icat ions.  

The da t a  a b o u t  relat ive c l in ical  i m p a c t  of p u l m o n a r y  
and card iac  compl i ca t i ons  a re  even more  sparse .  A m o n g  
the few s tud ie s  d i s t i n g u i s h i n g  be tween  m i n o r  a n d  ma jo r  
compl ica t ions ,  de f in i t ions  of m i n o r  a n d  ma jo r  were in- 
consis tent .  Among  the  s ix  s t u d i e s  r e p o r t i n g  mor ta l -  
ity,25. 2a. 40.43.52.53 d e a t h s  a t t r i b u t e d  to cardiac compli- 

ca t ions  were more  f r equen t  in four  s tud ies& 5- 4a. 52. 5a 

Among the  th ree  surg ica l  p o p u l a t i o n s  (hip  f rac ture  re- 
pair,  prosta tectomy,  cholecystectomy) wi th  suff icient  da t a  
to e s t ima te  case  fatal i ty  ra tes ,  4°. 41 the  ra te  was  h i g h e r  

for card iac  compl i ca t i ons  in  two (p ros ta tec tomy,  chole- 
cystectomy). Again,  no s t u d y  r epor t ed  the  n u m b e r  of 
pa t i en t s  wi th  mul t ip le  or  c o m b i n e d  ca rd i ac  a n d  p u p  
monary  compl ica t ions .  

In s u m m a r y ,  the  c l in ical  ep idemio logy  of p u l m o n a r y  
and  card iac  compl i ca t ions  af ter  n o n c a r d i a c  su rg e ry  is 
poo r ly  d e f i n e d .  T h i s  r e t r o s p e c t i v e  s t u d y  of p a t i e n t s  
unde rgo ing  elective a b d o m i n a l  o p e r a t i o n s  was  unde r -  
t aken  to evaluate:  1] compara t i ve  inc idence  of pu lmo-  
na ry  a n d  ca rd iac  pos tope ra t ive  c o m p l i c a t i o n s  a n d  2) rel- 
a t ive  c l i n i c a l  i m p o r t a n c e  of  t h e s e  c o m p l i c a t i o n s  a s  
measu red  by  mor ta l i t y  a n d  l eng th  of s tay.  

METHODS 

Study Cohort/Ascertainment of Cases 

The cohor t  inc luded  all elective i n t r a - a b d o m i n a l  op- 
e ra t ions  per formed  be tween  1982 a n d  1991 (N = 2,291)  
at  the  Audie  L. M u r p h y  Memoria l  Ve te rans  Hospi ta l ,  a 
650-bed t each ing  hosp i t a l  t h a t  h a s  a large s o u t h  Texas  
ca t chmen t  a rea  a n d  is aff i l ia ted wi th  the  Univers i ty  of 
Texas Health Science  Cen te r  a t  S a n  Antonio .  P a t i e n t s  
were ident i f ied  from a c o m p u t e r i z e d  reg i s t ry  of all gen-  
eral surg ica l  p rocedures ,  w h i c h  inc ludes  i n f o r m a t i o n  
abou t  pos topera t ive  compl i ca t i ons  occu r r i ng  p r io r  to 
d i scharge  from the  s u r g e r y  service.  Da t a  for the  r eg i s t ry  
were rou t ine ly  comple ted  by  su rg ica l  r e s iden t s  and  en-  
tered by  da t a  en t ry  pe r sonne l .  

It was  r ea soned  t h a t  two ma jo r  types  of misc lass i -  
f icat ion could exis t  in  the  su rg ica l  regis t ry :  e r r o n e o u s  
c lass i f ica t ion of p a t i e n t s  a s  hav ing  or  n o t  hav ing  com- 
p l ica t ions  a n d  misc l a s s i f l ca t ion  of  type of  compl i ca t i on  
(i.e., ca rd iac  or  pu lmonary) .  To o b t a i n  sol id  e s t i m a t e s  
of the  ra tes  for these  types  of misc lass i f i ca t ion ,  we u sed  
an  explici t  a n d  sy s t ema t i c  s t r a t egy  for a s c e r t a i n m e n t  
a n d  v e r i f i c a t i o n  of  c o m p l i c a t i o n s .  T h i s  s t r a t e g y  in-  
cluded: cha r t  review of all p a t i e n t s  l i s ted  by  the  reg i s t ry  

as  having compl ica t ions :  c h a r t  review for 412 r a n d o m l y  
selected pa t ien ts  l isted as  not  having  compl ica t ions  (19% 
of the cohort);  ident ica l  exc lus ion  c r i t e r i a  for cases  a n d  
control; a n d  review by a t r a i ne d  a b s t r a c t o r  who  used  
explicit  c r i te r ia  for compl i ca t i ons  a n d  i n d e p e n d e n t  ab-  
s t rac t ion  of  the  pre-  a n d  pos tope ra t ive  s ec t i ons  of  the  
chart .  Cases were def ined  as  p a t i e n t s  u n d e r g o i n g  elec- 
tive abdomina l  ope ra t i ons  who,  af ter  c h a r t  va l ida t ion ,  
had  in t ra-  or  pos tope ra t ive  p u l m o n a r y  or  ca rd iac  com- 
pl ica t ions  as  def ined  by  expl ic i t  c r i t e r ia  (Appendix  A). 
These inc luded  p n e u m o n i a ,  r e sp i r a to ry  fai lure,  b ron-  
chospasm,  t r a c h e o b r o n c h i t i s ,  p leura l  e f fus ion  necess i -  
ta t ing  thoracen tes i s ,  myocard ia l  in farc t ion ,  i schemia ,  
congestive h e a r t  fai lure,  s u p r a v e n t r i c u l a r  t a c h y c a r d i a  
and  ven t r i cu la r  d y s r h y t h m i a  necess i ta t ing therapy ,  a n d  
cardiogenic  shock.  Last,  each  case  was  m a t c h e d  to a 
control  by type of su rge ry  a n d  age (age difference -<10 
years). Th is  add i t i ona l  s t ep  was  t a k e n  to avoid  b i a s  in 
the inc idence  of p u l m o n a r y  a n d  ca rd i ac  c ompl i ca t i ons  
due to age or specif ic  types  of surgery;  only the  m a t c h e d  
sample  of cases  a n d  cont ro l s  was  ana lyzed  for th i s  re- 
port.  

Of the  2,291 p a t i e n t s  u n d e r g o i n g  elective a b d o m i n a l  
opera t ions  in the  cohor t ,  116 were  r epo r t ed  by  the  reg- 
istry as  having pu lmonary  or  card iac  complicat ions .  F rom 
the r e m a i n i n g  2 ,175 pa t i en t s ,  412 w i t h o u t  r epor ted  
compl ica t ions  were r a n d o m l y  se lec ted  f rom a compu t -  
erized list  s t ra t i f i ed  by  type of opera t ion .  After  va l ida t ion  
of the  412 poss ib le  contro ls ,  t h r ee  were exc luded  (one, 
compl ica t ion  p r e se n t  preopera t ive ly ;  two, ope ra t i on  no t  

elective laparo tomy)  a n d  33 who  ac tua l ly  h a d  p u l m o n a r y  
or  card iac  compl i ca t i ons  were  rec lass i f ied  as  cases .  After 
char t  va l ida t ion  of the  149 po ten t i a l  cases  (116 + 33), 
36 were excluded from ana lys i s :  e ight ,  no  pos tope ra t ive  
compl ica t ion:  two, c omp l i c a t i on  a l r eady  p r e s e n t  preop-  
eratively: three,  un ique ly  h i g h - r i s k  c o n d i t i o n s  {myas- 
then ia  gravis,  a m y o t r o p h i c  la te ra l  sc leros is ,  quadr ip le -  
gia); six, opera t ion  not  elective laparotomy;  and  17, cha r t  
unavai lable .  As a nex t  s t ep  in r e d u c i n g  b i a s  toward  
overcount ing  p u l m o n a r y  compl ica t ions ,  p a t i e n t s  whose  
only pos topera t ive  c a r d i o p u l m o n a r y  event  was  micro-  or  
macroa te lec tas i s  were exc luded  as  cases  or  con t ro l s  (n 
= 59). Microate lec tas is  is no t  considered cl inical ly  im- 
po r t an t  a n d  the cl inical  s ign i f i cance  of mac roa t e l ec t a s i s  

is unclear .  
The total  n u m b e r  of c h a r t s  reviewed in de ta i l  to ver- 

ify presence  or  absence  of c o m p l i c a t i o n s  was  528, 23% 
of the ent i re  cohort .  The  total  n u m b e r  of verif ied cases  
with p u l m o n a r y  or  ca rd iac  c ompl i c a t i ons  for w h o m  
matched controls  were found was 96. The  cases  for whom 
a ma tched  control  was no t  avai lable  (n = I l )  h a d  con- 
s is tent ly  u n d e r g o n e  p r o c e d u r e s  of  especia l ly  h igh  pul-  
monary  r isk:  six, Whipple  p rocedures ;  two, esophagec-  
tomies;  one, e sophagogas t r ec tomy:  a n d  two, gas t r ic  
resect ions.  These  cases  were exc luded  so as  no t  to b i a s  
the resul ts  toward  ove rc oun t i ng  p u l m o n a r y  compl ica-  
t ions.  
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Statistical Methods 

Among the  cases ,  the  McNemar  ch i - squa re  tes t  was  
used  to compare  inc idences  of p u l m o n a r y  a n d  ca rd iac  
compl ica t ions  because  the  th ree  pa t i en t - t ypes  of com- 
pl ica t ions  (pu lmonary ,  ca rd iac ,  a n d  bo th)  s h a r e  a com- 
mon denomina to r .  D u r a t i o n  of s tays  in  the  hosp i t a l  a n d  
in tens ive  care  u n i t s  (ICUsl were c o m p a r e d  wi th  two- 
sample  t - tes ts  af ter  log t r a n s f o r m a t i o n  of the  da ta .  

Char t  review revealed e r ro r s  in iden t i f i ca t ion  of com- 
plications by the compute r ized  surgical  regis t ry (i.e., false 
negat ives a n d  false posi t ives) .  To c o m p u t e  a c c u r a t e  es- 
t ima tes  of inc idence  of comp l i ca t i ons  for the  total  co- 
hort ,  we used  log-l inear  r eg re s s ion  to model  a n d  correct  
for these  errors .  Conceptua l ly ,  th i s  is a way to app ly  the  

false-negative a n d  fa lse-posi t ive  r a t e s  for the  observed  
cases  a n d  cont ro l s  to the  en t i r e  cohor t  of  l apa ro tomies .  
The da t a  for t h i s  model  t ake  the  form of a mu l t iway  
cont ingency  table.  The  cohor t  is c lass i f ied  acco rd ing  to 
both  repor ted  s t a t u s  for ca rd i ac  a n d  p u l m o n a r y  com- 
pl ica t ions  in  the  surg ica l  reg i s t ry  a n d  t rue  s t a t u s  for 
card iac  a n d  p u l m o n a r y  compl i ca t i on  f rom c h a r t  review. 
Since  not  all i nd iv idua l s  in the  cohor t  were reviewed, 
the t rue  s t a t u s  is u n k n o w n  for some  ind iv idua ls ,  a n d  
the mul t iway  table  is  incomple te ly  cross-c lass i f ied .  Wi th  
log-linear regress ion ,  l o g a r i t h m s  of cell c o u n t s  from the  
hypothet ica l  complete ly  c ross -c lass i f ied  table are  mod-  
eled as  a l inear  func t ion  of model  te rms,  We inc luded  
ma in  effects for r epor ted  ca rd i ac  a n d  p u l m o n a r y  com- 

pl icat ions ,  t rue  ca rd i ac  a n d  p u l m o n a r y  compl i ca t ions ,  
a n d  in t e rac t ions  be tween  c a r d i a c  a n d  p u l m o n a r y  com- 
p l ica t ions  to allow for lack of  i n d e p e n d e n c e  be tween  the  
compl ica t ions  a n d  i n t e r a c t i o n s  be tween  t rue  a n d  re- 
por ted  s t a t u s  to allow for d i f ferent ia l  misc lass i f i ca t ion ,  s5 
Incidence was  c o m p u t e d  by  s u m m i n g  the  e s t i m a t e d  cell 
counts  over each  t rue  s t a tu s .  A p p r o x i m a t e  s t a n d a r d  er- 
rors for the  inc idence  e s t i m a t e s  were c o m p u t e d  by  the 
delta  me thod  from the  covar iance  m a t r i x  of the  log- l inear  
regress ion  coefficients .  

RESULTS 

Table l shows  the  c h a r a c t e r i s t i c s  of the  cases  a n d  
controls. Hospital  and  ICU s tays  were s ignif icant ly  longer  
for the  cases  t h a n  for the  cont ro ls .  All 19 d e a t h s  occu r red  
among  the  cases.  The  cases  d id  no t  differ  f rom the  con- 
trois  in  the  p r o p o r t i o n  hav ing  p reope ra t ive  d i ag nos t i c  
sp i rometry ,  m e a n  forced exp i r a to ry  vo lume in I s econd  
(FEV~), m e a n  forced vital  c apac i ty  {FVC), or  m e a n  FEV~/ 
FVC, a l though  m e a n  pack-yea r s  of s m o k i n g  was  h i g h e r  
among  the  cases  t h a n  the  controls .  The  cases  h a d  sig- 
nif icant ly  worse  comorb id i t y  scores  a n d  ca rd iac  r i sk  
scores.  

Table 2 shows  the  types  of p u l m o n a r y  a n d  ca rd iac  
compl ica t ions  for the  96 cases.  Table  3 gives an  overview 
of the  d i s t r i b u t i o n  of p u l m o n a r y  a n d  ca rd iac  compl i -  
ca t ions  a n d  the i r  a s soc i a t ed  d u r a t i o n s  of  hosp i t a l  s t ay  
and  days  in the  ICU. A m o n g  the  cases ,  p u l m o n a r y  corn- 

p l ica t ions  were s ign i f i can t ly  more  f r equen t  t h a n  ca rd iac  
compl ica t ions ,  for bo th  total  a n d  severe compl ica t ions .  
Pulmonary compl ica t ions  were more  f requent  even though  
the cases  had  s ign i f i can t ly  h i g h e r  ca rd iac  r i sk  scores.  A 
subs t an t i a l  p ropo r t i on  h a d  c o m b i n e d  p u l m o n a r y  a n d  
cardiac  compl ica t ions :  26% of the  p a t i e n t s  wi th  all com- 
pl ica t ions  and  30% of p a t i e n t s  wi th  severe compl ica-  
t ions.  Of the  19 p a t i e n t s  who  died,  the  ma jo r i ty  ( 11 ) h a d  
both card iac  a n d  p u l m o n a r y  compl i ca t ions .  Of the  37 
cases  of r e sp i r a to ry  fai lure,  17 (46%) were no t  a s soc i a t ed  
with card iac  compl ica t ions .  

Crude  e s t i m a t e s  of  c o m p l i c a t i o n s  ra tes  for the  en t i re  
cohort ,  as  repor ted  by the  c o m p u t e r i z e d  su rg ica l  regis-  
try, were 4.8% (95% CI 3 . 6 - 6 . 0 )  a n d  1.3% (95% CI 
0 .7 -2 .01  for p u l m o n a r y  and  ca rd i ac  compl i ca t ions ,  re- 
spectively. However, p a t i e n t s  w i th  a n d  w i t h o u t  compli-  
cat ions were misclassif ied in the  surgical  registry.  Among 
the 116 pa t i en t s  r epor ted  by  the  r eg i s t ry  as  hav ing  com- 
pl icat ions,  ten d id  not  have c h a r t - d o c u m e n t e d  compli-  
cat ions,  for a false-posi t ive r a t e  of 9.3% (10/[116 - 9 
cha r t s  not  found]). Of the  412 c h a r t s  r a n d o m l y  se lec ted  
from the  cases  l i s ted  by the  reg i s t ry  a s  no t  hav ing  com- 
pl ica t ions  (19% of the  po ten t i a l  n o n c a s e s  or  con t ro l s  in  
the cohort] ,  33 had  pos tope ra t ive  p u l m o n a r y  or  ca rd iac  
compl ica t ions ,  for a fa lse-negat ive ra te  of 8.2% (33/[412 
- 8 cha r t s  not  found]). Misc lass i f i ca t ion  ra t e s  for pul-  
monary  and  ca rd iac  c ompl i c a t i ons  a m o n g  the  false neg- 
atives were s imi la r :  6.0% a n d  4.0%, respectively.  F rom 
these da ta ,  we e s t i m a t e d  mi sc l a s s i f i c a t i on -a d ju s t ed  in- 
cidence ra tes  for the  en t i r e  cohor t  of 2,291 elective lap- 
arotomies.  Es t ima ted  ra tes  were 9.6% (95% CI 7 . 2 - 1 2 . 0 )  
for p u l m o n a r y  c ompl i c a t i ons  a n d  5.7% (95% CI 3 . 8 -  
7.7) for ca rd iac  compl i ca t ions .  

Pu lmonary  c o m p l i c a t i o n s  were  a s soc i a t e d  wi th  sig- 
nif icant ly longer  hosp i t a l  s tays  (Table 3}. The  p a t i e n t s  
with combined  ca rd i ac  a n d  p u l m o n a r y  c ompl i ca t i ons  
(all: n = 25; severe: n = 18} h a d  l eng ths  of s tay  s imi l a r  
to the  longer  s tays  of the  p a t i e n t s  w i th  p u l m o n a r y  com- 
pl ica t ions  alone a n d  s ign i f i can t ly  longer  t h a n  those  of 
the pa t i en t s  wi th  only ca rd i ac  compl ica t ions .  

There  was  no  s ign i f i can t  d i f ference in l eng th  of ICU 

stay be tween the p a t i e n t s  w i th  only p u l m o n a r y  compli-  
ca t ions  and  those  wi th  only ca rd iac  c ompl i c a t i o ns  {3.6 
vs 3.1 days,  p = 0.54) a n d  be tween  the  p a t i e n t s  wi th  
severe p u l m o n a r y  c o m p l i c a t i o n s  a n d  those  wi th  severe  
card iac  compl i ca t i ons  {4.7 vs 4.1 days ,  p = 0.46).  How- 
ever, for the  p a t i e n t s  who  h a d  c o m b i n e d  p u l m o n a r y  a n d  
card iac  compl ica t ions ,  m e a n  ICU s t ay  was  s ign i f i can t ly  
longer t h a n  for the  p a t i e n t s  who  h a d  e i the r  type of com- 
pl icat ion alone {Table 3). 

The p ropo r t i on  of p a t i e n t s  suf fe r ing  severe  pu lmo-  
nary  compl ica t ions  w i t h o u t  severe ca rd iac  compl ica-  
t ions tended to be h igher  a m o n g  the survivors  t han  a m o n g  
those who died {[31/77, 40 % ] vs [5/19, 26 % ], p = 0.261 ). 
The converse  t r e n d  occu r red  for severe  ca rd iac  compli-  
cat ions:  the  p ropo r t i on  of p a t i e n t s  wi th  severe  ca rd iac  
compl ica t ions  b u t  not  severe p u l m o n a r y  c ompl i ca t i ons  
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was higher  among  the pa t i en t s  who died compared  with 

the survivors ([3/19, 16%] vs [4/77, 5%], p = 0. 112). For 
the pa t ients  with severe combined  ca rd iopu lmona ry  
complications,  the p ropor t ion  of those dying compared  
with the survivors was s igni f icant ly  h igher  ([ l 1/19, 58%] 

vs [7/77, 10%], OR 13.8, p < 0.0001,  95% CI 4 . 3 - 4 3 . 9 ) .  

DISCUSSION 

The available l i tera ture  indica tes  tha t  the relative 

incidence a n d  impact  of p u l m o n a r y  and  cardiac com- 
plications after abdomina l  opera t ions  in  cu r r en t  t imes  
have not  been  adequate ly  defined. Previous research has  

largely focused on cardiac surgical  risk, p r e sumab ly  be- 
cause it is h igher  or more clinically impor tan t .  The re- 
suits  of this  s tudy  indicate  that ,  at  least in  a popu la t ion  
of male veterans  u n d e r g o i n g  elective a b d o m i n a l  opera- 

t ions ,  p u l m o n a r y  c o m p l i c a t i o n s  o c c u r r e d  more  fre- 

quent ly  t h a n  cardiac compl ica t ions  a n d  were associated 
with longer hospi tal  stays. Pu lmona ry  and  cardiac corn- 

plications occurred together  in  26% of the cases. For the 

pa t i en t s  wi th  c o m b i n e d  e a r d i o p u l m o n a r y  complica-  
tions, the length of hospital  s tay was s imi lar  to the longer 

stay for the pa t i en t s  who had  only p u l m o n a r y  compli- 
cations, and  the ICU stay was s igni f icant ly  longer t h a n  
that  for the pa t i en t s  who had  ei ther  type of compl ica t ion  

alone. Results were cons i s t en t  when  the da ta  were lim- 
ited to severe ca rd iopu lmonary  complicat ions .  Stat is t i -  
cal power is low b u t  severe cardiac a n d  combined  car- 

diopulmonary complications seemed to be associated with 
higher mortality. There  was no  s ign i f ican t  difference be- 

tween the cases a n d  the controls  in  degree of obst ruct ive  
lung disease for those with preoperative spirometry,  b u t  
mean  comorbidi ty  score a n d  m e a n  pack-years of smok- 

ing were higher  for the cases. 
This s tudy  has  several i m p o r t a n t  l imi ta t ions ,  and  

therefore the f ind ings  should  be cons idered  pre l iminary.  
Limitat ions include:  1) a male ve teran  popu la t ion  wi th  

a high prevalence of smok i ng  a n d  chronic  obst ruct ive  
lung disease ( thus  l imi t ing  general izabi l i ty  to women):  

Table I 
Characteristics of the Cases with Cardiopulmonary  Compl icat ions and the Controls" 

Age--mean (_+SD) 

Type of laparotomy (nl 
Biliary operations+ 
Esophageal procedures 
Gastric procedures 
Pancreatic operations 
Aortic resection or graft 
Colectomy, partial and total 
Abdominoperineal resection 
Exploratory or staging laparotomy or enter- 

olysis 

Deaths (n)* 

Length of s tay--mean ( -+ SDD 

ICU§ stay--mean ( _+ SD)* 

Charlson Comorbidity Score--mean (-+ SDD 

Goldman Cardiac Score--mean { -+ SD) 

Pack-years smoking--mean [ _+ SD) 

Preoperative spirometry done (n) 

FEV~ ¶--mean ( -+ SD) 

I~WCll--mean ( -+ SD) 

65 

15 
9 

12 
6 

27 
20 

2 
5 

Cases Controls 
(n = 96) [n = 96) 

( -+ 9) yr 65 ( -+ 9) yr 

15 
9 

12 
6 

27 
20 

2 
5 

19 

24. I ( _+ 27.4) days 

5.8 (_+7.9) days 

2.7 (_+1.8) 

4.9 (_+2.6) 

47 (-+35) 

47 

2.4 (-+ 1.2) L 

3.5 (-+I.2) L 

0 

I0.3 

1.5 

1.6 

4.1 

36 

49 

2.6 

3.6 

( -+ 6.0) days 

( -+ 1.5) days 

( -+ 1.5l 

(_+2.2) (p = 0.013) 

{_+43) (p = 0.054) 

{_+ 1.5) L 

( _+ 1.4) L 

*All the controls a n d  cases  were  m a l e  except  one. 

¢14 open cholecysteclomies ,  no laparoscopic cho lecys tec tomy.  

ep ~ 0.0001. 

§ICU = intensive  care unit. 

~FEVI = forced  expiratory v o l u m e  in I second.  

IIFVC = forced  vital capaci ty .  
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2) data  collection by cha r t  audi t ;  3) small  sample  size; 

and 4) lack of a un i fo rm prospect ive  survei l lance s t ra tegy 

for complicat ions .  

Several strategies reduced potential  b ias  due to these 

l imitat ions.  All the cases  and  cont ro ls  were val idated by 

char t  abs t rac t ion  u s i n g  explici t  c r i ter ia  for complica-  

t ions and i ndependen t  abs t r ac t ion  of  the  pre- and  post-  

operative c o m p o n e n t s  of  the  medica l  record. The  pa- 

t i e n t s  r e p o r t e d  by t h e  s u r g i c a l  r e g i s t r y  as  h a v i n g  

card iopulmonary  compl ica t ions  plus 19% of th¢ re- 

ma in ing  potent ia l  controls  were reviewed to de t e rmine  

misclassif ieat ion ra tes  in the  surg ica l  registry.  Overall, 

char ts  were reviewed for 23% of the cohort .  The  error  

rates that  were found unde r sco re  a c o m m o n  diff iculty 

with research u s ing  regis t r ies  and  conf i rm the impor-  

tance of our  va l ida t ion  of cases  and  controls .  Sample  

size is small because  we chose  to focus on a relatively 

high-risk group with more homogeneous  overall risk (i.e., 

abdominal  operat ions)  t h a n  a mixed  surg ica l  popula-  

tion. 

Our  es t imate  for the inc idence  of p u l m o n a r y  com- 

plications was conservat ive  for several  reasons.  To avoid 

an inflated es t imate  for p u l m o n a r y  compl ica t ions  in the  

cohort, we excluded cases whose  only postoperat ive event 

was atelectasis  and  1 1 cases  for wh ich  m a t c h e d  controls  

were not  available and  whose  surger ies  enta i led  an  es- 

pecially high pu lmonary  risk. We also ma tched  very closely 

by procedure  because  type and  d u r a t i o n  of su rgery  have 

long been known  to inf luence  the r isk  of pos topera t ive  

complications.4, s. 2a Therefore,  it is i m p o r t a n t  to control  

for these factors in e s t i m a t i n g  inc idence  of pu lmona ry  

and cardiac compl ica t ions .  

The lack of a u n i f o r m  survei l lance  s t ra tegy  is an  

impor tan t  l imi ta t ion  of the study.  However, we do not  

th ink it provides suff ic ient  potent ia l  b ias  to negate  the 

findings. The  mos t  i m p o r t a n t  source  of e r ror  is possible  

Table 2 
Types of Pulmonary and Cardiac Complications 

Pulmonary 
Respiratory failure 37 (30%) 
Pneumonia 36 (29%) 
Possible pneumonia 22 I 18%) 
Effusion 15 (12%) 
Tracheobronchitis 11 (9%) 
Bronchospasm 3 (2%) 

TOTAL 124 

Cardiac 
Supraventricular tachycardia 19 (40%) 
Ventricular dysrhythmia 16 (34 %) 
Congestive heart failure 8 ( 17% ] 
Myocardial infarction 2 (4%) 
Possible infarction I (2%) 
Ventricular fibrillation I (2%) 

TOTAL 47 

overdiagnosis  of p u l m o n a r y  compl ica t ions  and  under -  

diagnosis  of cardiac  compl ica t ions .  We doub t  t ha t  we 

overcounted p u l m o n a r y  compl ica t ions  because  our  es- 

t imate for pu lmonary  compl ica t ions  was in tent ional ly  

conservative.  Fur ther ,  the f ind ings  were cons i s t en t  for 

all ca rd iopu lmonary  compl ica t ions  and  for severe com- 

plications. Char t  d o c u m e n t a t i o n  of severe compl ica t ions  

should be less suscept ib le  to error.  Respi ra tory  failure 

can be de te rmined  by i n tu b a t i o n  s ta tus .  Effus ion  ne- 

cess i ta t ing thoracen tes i s  can be d e t e rm in e d  by a specific 

procedure note. We explicit ly had  two ca tegor ies  for 

pneumonia ,  def ini te  and  possible,  to c i r c u m v en t  prob- 

lems with  char t  data.  Defini te  p n e u m o n i a  r equ i red  bo th  

radiographic  evidence and  new ant ib io t ics .  

Another  potent ia l  source  of e r ror  is u n d e r d i a g n o s i s  

of cardiac compl ica t ions ,  especially myocardia l  infarc- 

Table 3 
Overview of Pulmonary [PC] and Cardiac (CC] Complications and Associated Length of Stay [LOS] and Intensive Care Unit 

(ICU) Stay 

A. All Patients (n = 96) 
PC O n l y  CC O n l y  PC + CC 

Number of patients 57 (59%) p < 0.00001 14 (15%) 25 (26%) 
LOS--mean (_+SD) 22.5 (_+ 17) days p = 0.001 10.4 (-+4.5) days p = 0.006 27.3 (±20.7) days 
ICU stay--mean (±SD) 3.6 (-+4.8) days 3.1 (_+2.2) days p = 0.001 12.4 (_+ 11.4) days 

B. Patients with S e v e r e  C o m p l i c a t i o n s  (n = 61) (pneumonia, respiratory failure, MI*, CHF*, V Fib*) 
PC O n l y  CC O n l y  

Number of patients 36 (59%) p < 0.00001 7 ( I 1% ) 
LOS--mean (_+SD) 25 (± 19.9) days p = 0.01 I0 (_+5.7) days p = 0.04 
ICU stay--mean (±SD) 4.7 (_+6.4) days 4.1 (±2.0) days 

C. D e a t h s  (n  = 19) 

PC + CC 

18 (30%) 
27.4 (-+20.7) days 
14.3 (-+ 121 days÷ 

P n e u m o n i a ,  R e s p i r a t o r y  F a i l u r e  MI, CHF, V F i b  PC + CC 
5 3 11 

*MI = myocardial infarction; CHF = congestive heart failure; V Fib = ventricular fibrillation. 

÷p = 0.0002 and 0.04 compared with PC only and  CC only, respectively. 
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tion. In a s tudy  of  ve terans ,  Char l son  et al. showed  tha t  

wi thout  a prospect ive  u n i f o r m  survei l lance  strategy,  a 

s ignif icant  n u m b e r  of a symp toma t i c  pos topera t ive  my- 

ocardial infarc t ions  could be missed ,  pe rhaps  as m a n y  

as 50%. s6 We doub t  th is  e r ror  occur red  suff icient ly to 

reverse the f ind ings  for several  reasons .  First,  misclas-  

sification rates  were s imi la r  for card iac  and  p u l m o n a r y  

complicat ions  (6% and  4%, respectively). Second,  two 

recent  and  large s tud ie s  of  ve te rans  found  ra tes  for post-  

operative myocardial  in farc t ion  tha t  were s imi la r  to, bu t  

lower than,  ours:  2.5% (12/474) and  1.8% (15/835), ~9. 27 

In one s tudy  of 474 ve te rans  u n d e r g o i n g  elective non-  

cardiac surgery,  ou t come  survei l lance  involved daily 

e lect rocardiography on pos topera t ive  days 1 - 7 ,  10, and  

14, and s e r u m  crea t ine  k inase  and  i soenzyme levels on 

postoperat ive days 1 and  5.19 In the  second  study,  two 

surveil lance s t ra tegies  were used.  27 For  512 active par-  

t icipants,  e lec t rocard iograms were ob ta ined  and  total 

creat ine k inase  and  i soenzyme levels were m e a s u r e d  on 

postoperat ive days 1. 3, and  5. For  323 char t  review 

patients ,  explicit  c r i ter ia  were near ly  ident ical  to ours:  

new Q - Q S  pa t t e rns  and  ser ial  changes  in c rea t ine  ki- 

nase  MB levels. Despi te  the p o t e n t i a / f o r  unde rd iagnos -  

ing in char t  review pat ients ,  the  inc idences  of  infarc t ion  

were s imilar  be tween  the  act ive and  cha r t  review pa- 

tients: 1.7% (95% CI 0 . 4 - 2 . 7 % )  and  2.2% (95% CI 0 . 4 -  
3.9%), respectively. 27 

Simi lar  ra tes  be tween  ou r  s tudy  and  these  two, wi th  

a spec t rum of me thods  f rom re t rospect ive  to prospect ive,  

suggest  we did not  s igni f icant ly  u n d e r d i a g n o s e  per iop-  

erative myocardial  infarct ion.  Perhaps  the  focus on car- 

diac risk in the l i te ra ture  has  created a very low clinical  

threshold and more  aggress ive  clinical  survei l lance  for 

cardiac compl ica t ions  s ince  the  s tudy  of different  sur-  

veillance s t ra tegies  by Char l son  et al. s6 Even  if we missed  

as many  as 50% of infarc t ions ,  the  ra tes  for p u l m o n a r y  

and cardiac compl ica t ions  would  be s imi la r  a n d  the 

greater  focus on cardiac  r isk  in prev ious  research  would  

remain  unexpla ined.  The  repor t  by Ash ton  et al. cor- 

roborates  th is  a rgumen t :  inc idence  ra tes  were s imi la r  

for per ioperat ive in fa rc t ion  and  p n e u m o n i a  (1.8% and  

2.4%, respectively). 27 Our  f ind ing  tha t  p u l m o n a r y  com- 

plicat ions were assoc ia ted  wi th  longer  l eng ths  of s tay 

and that  pa t i en t s  wi th  c o m b i n e d  compl ica t ions  com- 

prised a subs tan t i a l  g roup  fu r the r  emphas i ze s  the  need  

for prospective da ta  to def ine  the clinical  epidemiology 

of postoperat ive ca rd iopu lmona ry  compl ica t ions ,  

If the false-negative rate  of 8.2 % for the  412 potent ia l  

control charts  reviewed is applied to the remain ing  l ,  763 

pat ients  in the cohort ,  there  are  approx imate ly  150 more  

eases in the cohort .  A suff ic ient ly  h ighe r  rate  of  card iac  

compared  wi th  p u l m o n a r y  compl ica t ions  in th is  g roup  

could negate  our  f indings.  We th ink  th is  is unl ikely be- 

cause the misc lass i f ica t ion  ra tes  in the  val idated cha r t s  

were s imilar  for card iac  and  p u l m o n a r y  compl ica t ions .  

A systemat ic  difference in misc lass i f i ca t ion  ra tes  for the  

remainder  of the cohor t  is unlikely. 

These p re l iminary  resul ts  sugges t  tha t  p u l m o n a r y  

complicat ions  may occur  as f requent ly  as or more  fre- 

quent ly  than  cardiac  compl ica t ions  and  may  be asso- 

ciated with  longer  hospi ta l  stay. If true,  the t radi t ional ly  

greater  research e m p h a s i s  on cardiac  r isk  a s s e s s m e n t  

may be mi s s ing  par t  of the overall p ic tu re  of operat ive 

risk. Pulmonary  r isk also has  been  less r igorously  s tud-  

ied. Older s tud ies  were often of poor  methodolog ic  qual-  

ity. 29 Recent  s tud ies  used  more  r igorous  me thods ,  b u t  

were small  or did not  explicit ly compare  the inc idences  

of pu lmonary  and  cardiac compl ica t ions .  2a 24. 26 As a re- 

sult, c l inicians lack precise  da ta  desc r ib ing  relative r isk  

and incidence of card iopulmonary  complicat ions  to guide 

preoperative r isk a s ses smen t .  

Well-done prospect ive  s tud ie s  are needed  to over- 

come all sources  of misc lass i f ica t ion  and  a s c e r t a i n m e n t  

bias in order  to de t e rmine  f requenc ies  of  pos topera t ive  

card iopulmonary  compl ica t ions .  Prospect ive da ta  f rom 

large cohor ts  shou ld  clarify several i ssues:  1) compara-  

tive incidence,  r isks,  and  o u t c o m e s  of pos topera t ive  car- 

d iopulmonary  compl ica t ions  af ter  different  types of non-  

cardiac opera t ions;  and 2) relat ive yield of evaluat ive 

strategies to predic t  card iac  and  p u l m o n a r y  complica-  

tions jointly or independently.  For now, cl inicians should 

recognize tha t  p u l m o n a r y  compl ica t ions  have been  less 

well s tudied,  tha t  p u l m o n a r y  compl ica t ions  may  be as 

s ignif icant  as cardiac  compl ica t ions ,  and  tha t  combined  

complicat ions  may be more  i m p o r t a n t  t h a n  previously 

recognized. 
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APPENDIX A 

Cr i t e r ia  f o r  P u l m o n a r y  a n d  C a r d i a c  C o m p l i c a t i o n s  

Pulmonary  

1. Pneumonia:  radiographic evidence and antibiotics.  

2. Possible pneumonia:  radiographic evidence but  no intra- 
ver~ous antibiotics or negative chest  x-ray bu t  int ravenous 

antibiotics given. 

3. Respiratory failure: ventilator dependence for more than one 
postoperative day or re intubat ion.  

4. Bronchospasm: clinical diagnosis  resul t ing in change in 
therapy. 

5. Tracheobronchitis:  purulent  s p u t u m  with negative ches t  
x-ray, not treated with in t ravenous antibiotics.  

6. Pleural effusion: resul t ing in thoraeentesis .  

Caardiac 
1. Transient ischemia: angina  or electrocardiogram read as 

ischemia by physician. 

2. Supraventricular tachycardia: resul t ing in pharmacologic 
intervention or care in intensive care unit. 

3. Ventricular ectopy: result ing in therapy. 

4. Transmural  myocardial infarction: increased Mt3 fraction of 
creatinine phosphokinase  plus Q waves or characterist ic  ST 

elevation on electrocardiogram. 

5. Nontransmural  myocardial infarction: increased MB frac- 
tion plus ST depress ion or T-wave changes  on electrocar- 

diogram for more than  24 hours.  

6. Possible infarction: suspected but  criteria for t ransmural  or 

nont ransmura l  infarction not satisfied. 

7. Congestive heart  failure: clinical evidence (e.g.. Sa gallop. 
rales, increased jugular  venous pressure) or radiographic 
changes and change in therapy with inotropic or afterload 

reducing agents.  

8. Cardiogenic shock: systolic blood pressure  < 90 mm Hg, 
clinical and radiographic evidence and pressor  agents.  

9. Cardiopulmonary arrest:  included ventricular fibrillation. 

REFLECTIONS 

The h u m a n  body is private property. We have to have a search warran t  to look inside, 
and even then  an investigator is confined to a few experimental  tappings here and  
there, some gropings on the party wall, a torch flashed ra ther  hesi tant ly into some 
of the dark corners.--JONATHAN MILLER ( 1936-- I, Brit ish writer and  doctor. BBC 

TV programme,  The Body in Question, 'Perishable Goods," 15 Feb 1979 


