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 Th e Volume-Outcome Relationship   in Critical Care   
 A Systematic Review and Meta-analysis 

  Yên-Lan   Nguyen ,  MD ,  MPH ;  David J.   Wallace ,  MD ,  MPH ;  Youri   Yordanov ,  MD ;  Ludovic   Trinquart ,  PhD ; 

 Josefi n   Blomkvist ,  MSc ;  Derek C.   Angus ,  MD ,  MPH ,  FCCP ;  Jeremy M.   Kahn ,  MD ;  Philippe   Ravaud ,  MD ,  PhD ; 

and    Bertrand   Guidet ,  MD  

  OBJECTIVE:    Th e purpose of this study was to systematically review the research on volume and 

outcome relationships in critical care. 

  METHODS:    From January 1, 2001, to April 30, 2014, MEDLINE and EMBASE were searched 

for studies assessing the relationship between admission volume and clinical outcomes in crit-

ical illness. Bibliographies were reviewed to identify other articles of interest, and experts were 

contacted about missing or unpublished studies. Of 127 studies reviewed, 46 met inclusion 

criteria, covering seven clinical conditions. Two investigators independently reviewed each 

article using a standardized form to abstract information on key study characteristics and 

results. 

  RESULTS:    Overall, 29 of the studies (63%) reported a statistically signifi cant association 

between higher admission volume and improved outcomes. Th e magnitude of the association 

(mortality OR between the lowest vs highest stratum of volume centers), as well as the thresh-

olds used to characterize high volume, varied across clinical conditions. Critically ill patients 

with cardiovascular (n  5  7, OR  5  1.49 [1.11-2.00]), respiratory (n  5  12, OR  5  1.20 [1.04-1.38]), 

severe sepsis (n  5  4, OR  5  1.17 [1.03-1.33]), hepato-GI (n  5  3, OR  5  1.30 [1.08-1.78]), neuro-

logic (n  5  3, OR  5  1.38 [1.22-1.57]), and postoperative admission diagnoses (n  5  3, OR  5  2.95 

[1.05-8.30]) were more likely to benefi t from admission to higher-volume centers compared 

with lower-volume centers. Studies that controlled for ICU or hospital organizational factors 

were less likely to fi nd a signifi cant volume-outcome relationship than studies that did not 

control for these factors. 

  CONCLUSIONS:    Critically ill patients generally benefi t from care in high-volume centers, with 

more substantial benefi ts in selected high-risk conditions. Th is relationship may in part be 

mediated by specifi c ICU and hospital organizational factors.      CHEST  2015;  148 ( 1 ): 79 - 92  

 [     Original Research  Critical Care Medicine      ] 
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  Volume-outcome relationships are well established in 

many surgical conditions and high-risk procedures in 

health care.  1   Under these relationships, higher numbers 

of procedures are thought to lead to better patient out-

comes through the development of procedural skill.  2   

Such observations lend conceptual support to the devel-

opment of regionalized systems of surgical care, in 

which patients are selectively referred to high-volume 

providers.  3   Selective referral has substantially improved 

the quality of care for patients in need of these planned 

high-risk procedures, with improved outcomes over 

time due in large part to concentration of   care.  2   

 Given the current shortage of ICU physicians and the 

overall complexity of critical illness, critical care is also 

an attractive target for regionalization. However, unlike 

in many surgical conditions, the volume-outcome rela-

tionship in critical illness is still incompletely character-

ized.  4   In the absence of a well-defi ned volume-outcome 

relationship, regionalization of critical care may increase 

costs while delaying defi nitive therapy for extremely 

sick patients in need of rapid diagnosis and treatment. 

Moreover, regionalization is only one potential strategy 

for region-wide organization of critical care.  5   Without a 

greater understanding of the mechanism of the volume-

outcome relationship, which may in part be determined 

by organizational factors that are correlated with vol-

ume, we may miss out on opportunities to improve out-

comes for small-volume providers without large-scale 

reorganization of care. 

 Th e goal of this study was to perform a systematic 

review of literature to assess the volume-outcome rela-

tionship among critically ill adult patients. In addition 

to providing summary information, we sought to 

understand organizational factors that may be potential 

mechanisms for this eff ect by analyzing the diff erences 

between positive and negative studies. 

 Materials and Methods 

 We performed a systematic review of research studies examining the 

volume-outcome relationship in critical care. Th e complete review pro-

tocol was submitted to the PROSPERO registry of systematic reviews 

(CRD42011001265) prior to beginning the study search, study review, 

data extraction, and analyses. 

 Study Selection Criteria 

 Eligible studies were observational studies that assessed the asso-

ciation between critically ill admissions volume (at either the level of 

the hospital, ICU, ED, or physician) and patient mortality (within the 

ICU, hospital, or a fi xed time period aft er admission). All observational 

studies including registries and retrospective observational analyses of 

existing clinical or administrative databases were eligible. We excluded 

studies on volume and outcome in trauma, neonatal critical care, and 

pediatric critical care as these service lines are already extensively region-

alized. We also excluded studies when we either could not determine 

the proportion of patients who were admitted to an ICU or the propor-

tion of patients in the ICU was  ,  50%. 

 Search Methods 

 To identify candidate studies we searched MEDLINE and EMBASE for 

English-language articles published between January 1, 2001, and April 30, 

2014. Our search algorithm included medical subject heading terms 

and text words for both critical illness and clinical conditions that are 

likely to result in critical illness (e-Appendix 1, e-Table 1). All searches 

were combined in a reference manager database (Resyweb). When 

articles separately analyzed distinct clinical conditions, we analyzed the 

data of each condition separately, treating the data as separate stud-

ies. We excluded studies published before 2001 because the practice of 

critical care and critical care outcomes has changed considerably since 

that time.  6,7   We also searched several other sources: we reviewed the 

reference lists of selected studies, we contacted experts in the fi eld to 

identify missed or unpublished studies, and we performed a manual 

examination of abstracts books from the main international meetings 

of critical care medicine (International Symposium on Intensive Care 

and Emergency Medicine, European Society Intensive Care Medicine 

Meeting, Society of Critical Care Medicine) between 2007 and 2014 to 

locate additional relevant titles. For studies published in abstract form, 

the primary author was contacted to identify manuscripts in progress. 

 Study Selection, Data Collection, and Analyses 

 Identifying Studies:   All retrieved records and reports were assessed 

independently by two authors. First, titles and abstracts were screened 

to identify obvious exclusions (ie, records that were found by our elec-

tronic searches but were clearly irrelevant to this review). Second, full-

text reports were retrieved to determine whether they met the selection 

criteria. Any disagreements were resolved through discussion. 

 Data Extraction:   Data extraction was performed independently by two 

authors using a prespecifi ed data extraction form. Information extracted 

included the following: study characteristics (study design, period, and 

setting); patient characteristics (inclusion and exclusion criteria); def-

inition of volume (unit of measurement, continuous or categorical vari-

able and, if categorical, thresholds); outcomes (mortality in the ED, ICU, 

hospital, or at a fi xed time point, ICU, and hospital lengths of stay); statis-

tical methods (multivariable modeling technique, adjustment for cluster 

eff ect, and list of adjustment variables); and structural characteristics of 

the ICU, hospital, and health system. We collected the eff ect size quanti-

fying the strength of the association between volume and mortality. We 

collected all available estimates, regardless of the unit of measurement 

for volume, the method of operationalizing volume, the end point, and 

the type of statistical analysis, that is, according to the measurement 

unit of volume (at the hospital, unit, or care provider level), to the def-

inition of the volume variable (continuous or categorical), to the end 

point (intensive care, in-hospital, or 30-day mortality), and according 

to the analysis (raw or adjusted estimates). For each study, two authors 

evaluated independently the risk of bias using a modifi cation of a previ-

ously published approach to eff ectiveness reviews.  8   Th is scale included 

attributes of risk adjustment, adjustment for correlated data, and adjust-

ment for temporal trends. 

 Data Analysis 

 First, among selected studies, we checked the data used to exclude in the 

fi nal analysis results from subpopulation of studies already included. 

For the synthesis, we initially planned to primarily focus on the volume 

treated as a continuous variable. However, the most frequently reported 

measure of the volume-outcome eff ect was the OR of death in patients 

treated in a low-volume center compared with patients treated in a 

high-volume center, so that an OR  .  1 would indicate increased risk 

in low-volume compared with high-volume center. Because of consid-

erable variability in the numbers of categories used (defi ned according 
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to tertiles, quartiles, or quintiles) and in the thresholds used to defi ne 

these categories, we focused on the eff ect comparing the lowest volume 

group with the highest volume group. For the synthesis, we used the 

adjusted ORs based on the multivariate model used in each study. 

 Separate meta-analyses were performed to combine the study estimates 

for each of the presenting problems in critical illness (respiratory, car-

diovascular, neurologic, hepato-GI or renal diagnosis, sepsis, post-

operative conditions, or any indications). Studies that lacked suffi  cient 

data to calculate an OR were excluded from the meta-analyses. Th eir 

results were analyzed qualitatively and are reported separately. Because 

some studies published in 2001 and later contained data from earlier 

time periods, we performed a sensitivity analysis in which we excluded 

all studies containing data earlier than 2001. 

 Higgins’ I 2  statistics and between-study variance  t  2  were calculated to 

assess the amount of heterogeneity across studies. Th e eff ect sizes were 

combined using a random-eff ects meta-analysis model because we 

expected a substantial heterogeneity due to diversity of design across 

studies. All reported  P  values were two-sided. Analyses were performed 

using Stata statistical soft ware release 11 (StataCorp LP). 

 To assess potential mechanisms underlying the volume-outcome 

eff ect, we used a conceptual framework in which the ICU volume-

outcome relationship could be attributed to three factors: acquisition 

of clinical skill at high-volume centers (“practice-makes-perfect”), 

selective referral to high-volume centers, and the presence of specifi c 

organizational factors that are associated with outcome and may be 

more common at high-volume centers.  9   Th is last category includes 

structural factors that might be associated with high volume and high 

quality. At the ICU level, these might include ICU type,  10   ICU size, 

ICU level, intensivist physician staffi  ng,  11   nurse-to-bed ratio,  12   and 

intensivist-to-bed ratio. At the hospital level, these might include geo-

graphic position, hospital size, teaching status,  13   technology capacity, 

trauma center designation,  14   hospital, and ED level. Th is third factor is 

analogous to unmeasured confounding, since to the degree that these 

factors mediate the volume-outcome relationship, controlling for 

them would attenuate the observed eff ect. Th erefore, to determine the 

role of organizational factors as a mechanism for the volume-outcome 

relationship, we qualitatively compared studies that did and did not 

control for these factors. To the degree that the results of volume-

outcome studies depend on controlling for these factors, the volume-

outcome relationship may be due to correlation between high-volume 

and ICU organizational best practices. To the degree that the results 

of volume-outcome studies do not depend on controlling for these 

factors, the volume-outcome relationship may be due to clinical skill 

and selective referral.    

 Results 

 Of 6,037 potentially relevant references, we reviewed 

127 publications fulfi lling our search criteria, of which 

42 references (33%) met all criteria for inclusion ( Fig 1   ). 

One   study reported three diff erent patient subsets and 

was analyzed as three distinct studies.  15   One study 

reported two diff erent patient subsets and was ana-

lyzed as two distinct studies.  16   One study reported the 

volume-outcome relationship in two diff erent health-

care systems; we analyzed the data as two diff erent 

studies.  17   We did not retrieve any reference from 

abstract books of the main international meetings of 

critical care medicine. Th is resulted in 46 distinct 

studies for analysis. 

 Study Characteristics 

 General study characteristics are shown in  Table 1     .  18-56   

Th e majority of included studies were from North America 

(n  5  25, 54%) and included data aft er 2001 (n  5  35, 76%). 

Th ree studies included all ICU admissions.  16,18,19   Seven 

clinical conditions were covered: respiratory diagnoses 

including mechanical ventilation, acute respiratory fail-

ure, and pneumonia (13 studies)  15,16,20-30  ; cardiovascular 

diagnoses including cardiac arrest and cardiogenic 

shock (eight studies)  31-38  ; sepsis (six studies)  39-44  ; neuro-

logic diagnoses (three studies)  15,45,46  ; hepato-GI diag-

noses (three studies)  15,47,48  ; renal diagnoses (three 

studies)  17,49  ; and postoperative conditions including 

pancreatectomy, hepatectomy, esophagectomy, major 

vascular surgery (seven studies).  50-56   The majority of 

studies (n  5  24, 52%) used clinical databases rather 

than administrative databases. Th e most common 

unit of analysis used was hospital volume (n  5  25, 54%), 

followed by ICU volume (n  5  14, 30%), ED volume 

(n  5  4, 9%), and then intensivist volume (n  5  1, 2%). 

Th e threshold used to diff erentiate low-volume and 

  Figure 1  – Flow diagram of study selection. Th e main reasons for 
exclusion of full-text articles were absence of details regarding ICU or 
hospital mortality or majority of population not including critically ill 
patients.   
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high-volume institutions varied greatly within and 

across clinical conditions. For 38 studies (83%), the 

primary outcome was hospital mortality, followed by 

30-day mortality (n  5  4, 9%), ICU mortality (n  5  4, 8%), 

survival to admission from the ED (n  5  2, 4%), periop-

erative death (n  5  1, 2%), and early hospital mortality 

(n  5  1, 2%). Only 10 studies (21%) reported ICU or 

hospital lengths of stay as secondary outcomes. 

 Summary of Findings of Included Studies 

  Figure 2    shows the meta-analyses of adjusted ORs com-

paring the lowest-volume group with the highest-volume 

group in seven conditions separately. Eight studies could 

not be included in the fi nal analyses because they had 

insuffi  cient data to calculate OR.  19,21,41,44,51,53,54,56   Th e 

results of these studies are presented in    Table 2   . Among 

the remaining studies (n  5  37), the consistency of the 

relationship varied considerably across diagnoses. All 

studies including patients with sepsis (n  5  4) or patients 

with postoperative diagnosis (n  5  3) found a positive 

association between volume and outcome. In studies 

looking at the subset of patients with respiratory (n  5  7), 

cardiovascular (n  5  4), hepato-GI (n  5  2), and neuro-

logic (n  5  2) diagnoses, there was on average a positive 

association between higher volume and better outcomes. 

However, there was substantial heterogeneity, especially 

in subsets of patients with respiratory, cardiovascular, 

sepsis, and postoperative diagnoses (I 2   5  97.4%, 88.3%, 

98%, 92.2% respectively). Conversely, in studies looking 

at a subset of patients with renal diagnosis (n  5  3), the 

meta-analyses did not demonstrate a signifi cant associ-

ation and there was also considerable between-trial 

heterogeneity (I 2   5  50%). One study in patients with 

respiratory diagnoses documented a statistically signifi -

cant association between higher volume and poorer 

outcomes.  28   

 Between categories of medical conditions (respiratory, 

cardiovascular, neurologic, liver-GI, postoperative, and 

sepsis) high-volume to low-volume thresholds varied 

greatly. For respiratory diagnoses, the highest volume 

quartile  .  699 showed a nonsignifi cant relationship 

between volume and outcome, whereas studies on car-

diac arrest with 50 cases per year were more likely to 

show a signifi cant relationship. 

 Th e highest absolute hospital mortality diff erences 

between high-volume and low-volume institutions were 

found for hematologic patients with acute respiratory 

failure (36%), cardiac arrest (22%), cardiogenic shock 

and intraaortic balloon pump (14.8%), endovascular 

repair of ruptured abdominal aortic aneurysm (22%), 

http://journal.publications.chestnet.org
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and postesophagectomy (12.9%). Th ese diagnoses 

shared the characteristic of being associated with 

the highest mortality rates within their diagnosis 

category. 

 Sensitivity Analysis 

  Figure 3    shows the meta-analyses of adjusted ORs 

comparing the lowest-volume group with the highest-

volume group in seven conditions, aft er exclusion of 

  Figure 2  – Forrest plots of comparisons between lowest and highest volume institutions for seven clinical   conditions. Nb  5  number.   
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eight studies with the majority of data from before 2001 

(studies of Durairaj et al,  15   Needham et al,  27   Chen et al,  33   

Cross et al,  45   Dimick et al,  50   Kuo et al  55  ). Th e volume-

outcome association remained unchanged aft er exclusion 

of these studies. 

 Relationship Between Organizational Factors and 

Primary Study Results:   Eighteen studies (39%) did not 

adjust their results to any ICU or hospital-level factor 

( Table 3   ). Studies that did not fi nd a statistically signifi -

cant association between higher patient volume and 

better outcomes were more likely to have adjusted their 

results for ICU-level factors (such as ICU type, ICU 

level, intensivist staffi  ng model, nurse-to-bed ratio) and 

hospital-level factors (such as geographical position, 

teaching status, technological capacity, trauma center 

designation, or hospital level), compared with studies 

that did find a statistically significant association 

( Table 3 ). 

 All studies performed some risk adjustment ( Table 4   ). 

Two studies (4%) used risk adjustment based on admin-

istrative data alone, 15 (33%) used risk adjustment based 

on a combination of administrative and some clinical 

data, and 30 (65%) used risk adjustment based on clin-

ical models with historically good calibration and dis-

crimination. Most adjusted for demographic characteristics 

such as age (n  5  45, 98%) and sex (n  5  36, 78%). Around 

one-half of studies (n  5  22, 48%) adjusted for patient 

comor bidities; 34 studies (74%) adjusted for severity of 

illness using a physiologic measure. Eighteen (39%) 

adjusted for admission source. Th irteen (28%) adjusted 

for the diagnosis at admission. Other patient adjustments 

included insurance status (n  5  5, 11%), race (n  5  7, 15%), 

functional status (n  5  2, 4%), ICU   pre-length of stay 

(n  5  3, 7%), life support measures (n  5  6, 13%), the type 

of malignancy (n  5  2, 4%), and the known prognostic 

for cardiac arrest (n  5  6, 13%). 

 Discussion 

 We evaluated 40 studies on the volume-outcome rela-

tionship in broadly defi ned critically ill patients. Th e 

majority of studies found that patients admitted in high-

volume structures had better outcomes, although the 

consistency and magnitude of the relationship, as well 

as the thresholds used to diff erentiate low-volume and 

high-volume centers, varied across clinical conditions. 

Studies showing no volume-outcome relationship were 

more likely to have adjusted their results for key ICU 

or hospital-level organizational factors. 

 Our results extend those of a prior systematic review in 

two ways.  4   First, we include many more studies (46 vs 13, 

several of which were published recently). Second, 

we specifi cally examine the characteristics of positive 

vs negative studies, providing new insight into the 

potential mechanism of the volume-outcome relation-

ship not addressed in the prior review. 

 Within diagnosis categories, those with the highest risk 

of death are most likely to benefi t from admission to 

a high-volume center. Th is variation of the volume-

outcome relationship may be related to the complexity 

of diagnosis and management in these conditions. 

Durairaj et al  15   found that in comparison with a nonse-

lected population of patients who were mechanically 

ventilated, only the most severe (ie, with an APACHE 

[Acute Physiology and Chronic Health Evaluation] 

III score  .  57) benefi ted from high-volume hospitals. 

Glance et al  18   showed that   only critically ill patients 

with a Simplifi ed Acute Physiology Score (SAPS) 2  �  30 

benefi ted from a high-volume center. Darmon et al  21   

found that in comparison with patients with ARDS who 

were mechanically ventilated, those with toxic coma did 

not benefi t from mechanical ventilation admissions vol-

ume. Lecuyer et al  25   and Zuber et al  42   both looked at the 

subset of hematologic patients with acute respiratory 

failure or severe sepsis, fi nding large benefi ts from high-

volume ICUs (OR  5  0.63 [0.46-0.87]). 

 Only one study documented a statistically signifi cant 

association between higher volume and worse out-

comes.  28   Th e underlying reason for this result may 

be related to either the total workload or overall 

capacity strain in high-volume centers, which may 

be related to poor outcomes.  57   For one clinical condition 

category (patients undergoing renal support therapy), 

we were not able to fi nd any association between volume 

and outcome.  17   Among the plausible explanations 

  TABLE 2   ]     Summary of Studies Not Included in the 
Meta-analysis 

Clinical Condition Positive Association No Association

Respiratory Darmon et al  21  /2011 ...

Sepsis Walkey and 
Wiener  44  /2014

Shahin 
et al  41  /2012

Neurologic ... ...

Hepato-GI ... ...

Renal ... ...

Postoperative Dimick et al  51  /2002 Joseph 
et al  53  /2009

Knipp et al  54  /2007 ...

Macomber et al  56  /2012 ...

Any indication Metnitz et al  19  /2009 ...
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may be use of patients receiving dialysis as the unit of 

measurement (rather than the number of dialysis ses-

sions performed, which may be more directly related to 

clinical experience) or the lack of inclusion of other rel-

evant outcomes besides mortality (ie, renal function 

recovery). Additionally, renal support therapy is guided 

by an uncertain evidence base with regard to timing, 

the use continuous vs intermittent dialysis, and the dose 

of dialysis. Th us, clinical experience may not translate 

into higher outcomes for this condition. 

 We observed large diff erences among the thresholds 

used to diff erentiate low-volume and high-volume 

  Figure 3  – Sensitivity analysis: Forrest plots of comparisons between lowest and highest volume institutions for seven clinical conditions aft er exclusion 
of studies with data older than 2001. See  Figure 2  legend for expansion of abbreviation.   
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centers between and within clinical condition categories. 

Th ese diff erences mainly related to the prevalence of the 

diagnoses, and may be partly explained by variation in 

ICU bed availability across industrialized countries and 

the median size of acute care hospitals.  58   Countries with 

a large number of ICU beds are more likely to have a 

less restricted ICU admission policy and may admit less 

severe patients.  59   Our review highlights that the shape 

of the volume-outcome relationship varies within and 

across clinical condition categories. Consequently, our 

results do not support recommendations of minimal 

ICU volumes for diagnosis categories. 

 Adjustments for ICU or hospital-level factors seem to 

be a major determinant of the volume-outcome rela-

tionship. Within studies looking at the volume-outcome 

relationship among postoperative patients admitted in 

the ICU, those of Joseph et al  53   and Dimick et al  50   were 

not able to fi nd any association. One explanation might 

be related to the adjustments of their results to manage-

rial factors known to be associated with better outcomes 

(such as ICU staffi  ng and the presence of a daily round 

by an intensivist) or to the technology capacity of their 

structures (such as the presence of an interventional 

radiology service). Similarly, the two studies on cardiac 

arrest that found negative results are those where the 

authors (Callaway et al  31   and Stub et al  37  ) adjusted their 

results for organizational factors known to be associated 

with improved outcomes (ie, trauma center, cardiac 

center, 24-h cardiac interventional services). Again, these 

results emphasize the idea that the volume aff ected may 

be mediated in part by organizational factors that have 

a major impact on patient outcomes. To the degree that 

the volume outcome is in part mediated by organiza-

tional factors, increasing the size of low-volume centers 

or systematically transferring patients from low-volume 

to high-volume centers may not be the most effi  cient 

way to improve outcomes. Instead of conjunction, it 

may be benefi cial to “export” organizational best prac-

tices to small-volume ICUs to improve their quality 

without systematically transferring patients. 

 Our study has several limitations. First, our systematic 

review may suff er from publication bias. Due to public 

health implications, studies showing no volume-outcome 

relationship might have more diffi  culties being pub-

lished. Second, the majority of studies did not adjust 

their results to organizational factors and none directly 

adjusted for processes of care used. Th us, we had only a 

limited ability to assess for the mechanism of the volume-

outcome relationship. Th ird, all studies used mortality 

as the primary outcome, though other patient outcomes 

  TABLE 3   ]     Relationship Between Methodologic 
Characteristics, ICU, and Hospital-Level 
Confounders and Primary Study Results 

Study Characteristics

Positive 
Studies 

(n  5  29, 63%)

Negative 
Studies 

(n  5  17, 37%)

Unit of volume measure, 
   No. (%)

 Hospital 15 (58) 11 (42)

 ICU 8 (57) 6 (43)

 ED 2 (100) 0 (0)

 Intensivist 4 (100) 0 (0)

Sample size, No. (%)

  ,  10,000 9 (53) 8 (47)

 10,000-50,000 14 (70) 6 (30)

  .  50,000 6 (75) 2 (25)

 Unknown ... 1 (100)

Location, No. (%)

 North America 15 (58) 11 (42)

 Europe 9 (69) 4 (31)

 Other 5 (71) 2 (29)

Risk of adjustment

 Clinical 15 (52) 14 (48)

 Administrative data with 
   clinical adjustment

13 (87) 2 (13)

 Administrative 1 (50) 1 (50)

ICU-level factors, No. (%)

 ICU type 1 (25) 3 (75)

 ICU size 1 (100) 0 (0)

 ICU level 0 (0) 1 (100)

 Intensivist staffi  ng model 2 (50) 2 (50)

 Nurse-to-bed ratio 1 (50) 1 (50)

 Intensivist-to-bed ratio 1 (100) 0 (0)

Hospital-level factors, 
   No. (%)

 Hospital size 7 (88) 1 (12)

 Teaching status 7 (47) 8 (53)

 Technological capacity 2 (40) 3 (60)

 Trauma center designation 0 (0) 2 (100)

 Hospital level 0 (0) 1 (100)

 ED level 2 (100) 0 (0)

 ICU level (defi ned by the US Department of Veterans Aff airs national bed 
control database  ): level 1 and 2 ICUs are where most subspecialty care 
and intervention are available. Level 3 and 4 ICUs provide more limited 
subspecialty care and intervention. Hospital level (defi ned in the Australian 
and New Zealand Intensive Care Society database): rural, metropolitan, 
tertiary, private. ED level (defi ned by the Korean government): level 1 
and 2 are covered by emergency physicians 24/24; level 3 is basically 
equipped and usually served by general physicians. 
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  TABLE 4   ]     Quality of Included Studies 

Study/Year Attributes of Risk Adjustment
Adjustment for 
Correlated Data

Adjustment for 
Temporal Trends  a  

Ananthakrishnan et al  48  /2008 Clinical No No

Callaway et al  31  /2010 Clinical No No

Carr et al  32  /2009 Clinical Yes No

Chen et al  33  /2003 Clinical No No

Cha et al  34  /2012 Administrative with clinical risk adjustment Yes No

Cooke et al  20  /2012 Administrative with clinical risk adjustment Yes …

Cross et al  45  /2003 Administrative with clinical risk adjustment Yes Yes

Cudnik et al  35  /2012 Clinical Yes …

Darmon et al  21  /2011 Clinical No No

Dimick et al  51  /2002 Clinical Yes No

Dimick et al  50  /2003 Clinical No No

Durairaj et al  15  /2005 Clinical Yes No

Durairaj et al  15  /2005 Clinical Yes No

Durairaj et al  15  /2005 Clinical Yes No

Giles et al  52  /2009 Administrative No Yes

Glance et al  18  /2006 Clinical Yes No

Gopal et al  22  /2011 Clinical Yes Yes

Joseph et al  53  /2009 Administrative No …

Kahn et al  23  /2006 Clinical Yes …

Kahn et al  24  /2009 Administrative with clinical risk adjustment Yes …

Knipp et al  54  /2007 Administrative with clinical risk adjustment No No

Kuo et al  55  /2001 Administrative with clinical risk adjustment Yes Yes

Lecuyer et al  25  /2008 Clinical Yes No

Lin et al  26  /2008 Administrative with clinical risk adjustment Yes No

Macomber et al  56  /2012 Administrative with clinical risk adjustment Yes Yes

Metnitz et al  19  /2009 Clinical Yes Yes

Moran et al  28  /2008 Clinical Yes Yes

Needham et al  27  /2006 Administrative with clinical risk adjustment Yes No

Nguyen et al  17  /2011 Clinical Yes No

Nguyen et al  17  /2011 Clinical Yes No

Nuño et al  46  /2012 Administrative with clinical risk adjustment Yes No

Peelen et al  40  /2007 Clinical Yes No

Powell et al  39  /2010 Administrative with clinical risk adjustment Yes …

Shahin et al  41  /2012 Clinical ... …

Shin et al  36  /2011 Clinical Yes …

Stub et al  37  /2011 Clinical No No

Ro et al  38  /2012 Clinical Yes No

Vaara et al  49  /2012 Administrative with clinical risk adjustment Yes …

Zuber et al  42  /2012 Clinical No Yes

Banta et al  43  /2012 Administrative with clinical risk adjustment Yes Yes

Shen et al  47  /2012 Administrative with clinical risk adjustment Yes No

Dres et al  29  /2013 Clinical Yes Yes

Fernández et al  16  /2013 Clinical Yes …

(Continued)
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such as discharge location, quality of life, and cognitive 

status are also patient-centered and outcomes of interest. 

Fourth, due to variation in the way that studies categorized 

volume and the lack of studies looking precisely at the 

volume-outcome relationship as a continuous variable, 

we could not directly assess for a “dose-response” eff ect. 

Fift h, our study may suff er from reporting bias. We may 

have excluded studies from critical care surgical literature 

that do not explicitly report ICU use. 

 In summary, critically ill patients appear to benefi t from 

care in high-volume hospitals, though there is not 

complete consistency in this relationship. Variability 

may be partly explained by case mix, diagnosis com-

plexity, and the type of adjustments. Our results high-

light the major role of organizational factors on patient 

outcomes and that specifi c management and care prac-

tices may allow low-volume centers to provide a high 

quality of care. 

Study/Year Attributes of Risk Adjustment
Adjustment for 
Correlated Data

Adjustment for 
Temporal Trends  a  

Fernández et al  16  /2013 Clinical Yes …

Shahin et al  30  /2014 Administrative with clinical risk adjustment Yes …

Walkey and Wiener  44  /2014 Clinical Yes …

  a For studies longer than 2 y. 

TABLE 4 ] (continued)
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