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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

c o r r e s p o n d e n c e

Variation in Hospital Mortality Associated with Surgery

To the Editor: The analysis of variation in hos-
pital mortality by Ghaferi et al. (Oct. 1 issue)1 
requires further scrutiny. The primary exposure 
variable used by these authors was risk-adjusted 
mortality. However, there are difficulties in ap-
plying risk-adjustment methods to compare pa-
tient outcomes across multiple hospitals; these 
difficulties result from risk relations and interac-
tions that are not constant. Different methods of 
adjustment for severity frequently show different 
results with regard to the hospital rankings gen-
erated.2 In comparisons of standardized hospital 
mortality ratios, there is even evidence that case-
mix adjustment may paradoxically increase the 
bias.3 Moreover, the size of the hospitals, which 
was not stated, could be expected to affect their 
ranking because, as compared with the larger 
hospitals, smaller hospitals would dispropor-
tionately appear among the very-high-mortality 
and very-low-mortality quintiles. The effect of 
the study size on the event rate is readily appar-
ent in a funnel plot.4 
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To the Editor: In their article, Ghaferi et al. infer 
a significant difference in the ability to respond 
to and manage surgical complications among hos-
pitals based on the relatively high variation in 
surgical mortality as compared with the more sim-
ilar incidence of surgical complications. First, given 
that the number of deaths was small as compared 
with the number of complications, might the high-
er variation in surgical mortality be due to the fact 
that variance is an inverse function of the square 
root of the number under study, such that one 
would expect much greater variance in deaths as 
compared with complications? Second, do individ-
ual hospitals remain stably within the quintiles 
of hospital mortality described, or do they move 
about? The latter would suggest that the variation 
in mortality is simply a matter of random statis-
tical distribution.
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The Authors Reply: Hurley and Gray raise ques-
tions about our risk-adjustment methods. Our 
study benefited from the use of a very robust, clin-
ically detailed data set — the American College 
of Surgeons National Surgical Quality Improve-
ment Program. Taking full advantage of the more 
than 130 clinical variables collected by trained 
data abstractors through this program, our risk-
adjustment model had a C statistic of 0.88 with 
excellent discrimination. The correspondents also 
raise the possibility that relationships between pa-
tient factors and outcomes could vary across hos-
pitals. Although they are theoretically possible, 
we found no evidence of systematic interactions 
between risk factors and outcomes among the hos-
pital quintiles in our study.

Hurley also raises questions about the statis-
tical reliability of mortality estimates at individu-
al hospitals related to issues with sample size. 
When studying individual operations, we are con-
cerned about sample size.1 However, our study 
addressed this problem by combining multiple dif-
ferent operations performed at each hospital. As 

a result, in our study there were sufficient num-
bers of patients treated at hospitals to ensure the 
adequate reliability of our mortality estimates (the 
average number of patients per hospital was 455, 
and the average mortality rate was 5.1%). To con-
firm this finding, we repeated our analysis in this 
study and other studies2 by applying methods for 
reliability adjustment,3 and we found identical 
results.
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Renal Failure in Cirrhosis
To the Editor: Ginès and Schrier (Sept. 24 
issue)1 offer a succinct and thoughtful review of 
various causes of renal failure in cirrhosis, includ-
ing the hepatorenal syndrome, hypovolemia due 
to hemorrhage or fluid losses, parenchymal dis-
ease, and drug-induced renal failure.

In addition, intraabdominal hypertension sec-
ondary to significant ascites should be included 
in the differential diagnosis for acute kidney 
injury in selected patients with cirrhosis.2 First 
described in experimental ascites in 1923,3 el-
evations in intraabdominal pressure (generally 
>18 mm Hg)4 may result in direct compression of 
the kidney and intraabdominal aorta, reducing 
renal blood flow to cause progressive oliguria and 
anuria.5 Partial occlusion of the inferior vena cava 
and renal veins may also shunt blood around 
glomeruli to the medulla, thereby decreasing ef-
fective renal perfusion.5 

Accordingly, a trial of large-volume paracente-
sis is warranted in all patients with cirrhosis pre-
senting with tense ascites and acute renal failure, 
some of whom may promptly recover renal func-
tion as ascitic fluid is removed and intraabdom-
inal pressures normalize. This procedure may 

alleviate the need for further diagnostic or thera-
peutic intervention.
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To the Editor: Renal impairment is a frequent 
and dangerous complication in patients with cir-
rhosis. Therefore, as Ginès and Schrier state, 
accurate monitoring of renal function is most im-
portant. They stress that serum creatinine mea-
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