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BACKGROUND: Numerous studies have developed a “severity score” or “risk index”
for mechanical ventilation and mortality, but there are few to predict outcomes for
cervical spine injury (CSI) patients. Our objective in this study was to develop a
simple bedside additive predictive score for requirement for ventilation and early
in-hospital mortality for patients with CSI.
METHODS: Multivariate logistic regression analysis of the data obtained from 101
patients (development set) after surgical stabilization of traumatic CSI was performed
to identify independent predictors of the need for mechanical ventilation and of early
in-hospital mortality. Predictors of respiratory insufficiency and mortality (PRIM)
scores were developed separately for ventilation and mortality by using the coefficients
of the logistic regression model. The model was validated using the receiver operating
characteristics curve to test its discriminatory ability and by comparing the predicted
and observed outcomes. Validation was performed on an independent data set of 87
consecutive patients (validation set) with traumatic acute CSI.
RESULTS: Mechanical ventilation was required in 16.8% of the patients, and the
in-hospital mortality rate was 17.8% in the development set. Independent risk factors
for mechanical ventilation were severe injury (American Spinal Injury Association
Impairment Scale Grades A and B), breath-holding time, pulmonary infection, hemo-
dynamic instability, and progressive neurologic deterioration. Scores of 15, 20, 25, 25,
and 15 were assigned to these variables, respectively. Independent predictors of death
were severe injury (American Spinal Injury Association Impairment Scale Grades A
and B), hemodynamic instability, progressive neurologic deterioration, and mechani-
cal ventilation. The scores assigned for each of the variables were 20, 20, 40, and 20,
respectively. The PRIM scores for mechanical ventilation and mortality had excellent
discrimination (area under receiver operating characteristics curve �0.75). There was
good correlation between predicted and observed outcomes in the development set
and the validation set.
CONCLUSION: PRIM scores enable accurate prediction of individual patient risk of need
for mechanical ventilation and in-hospital mortality in association with acute CSI.
(Anesth Analg 2010;110:134–40)

Cervical spinal cord injury (SCI) is a devastating
event for the patient and the family. It has a huge
impact on society because of the intensive resources
required to manage the patient in both the acute and

rehabilitation phases. The risk of mortality associated
with cardiorespiratory complications after acute cer-
vical spine injury (ACSI) continues to be distressingly
high.1–3 Prediction of individual patient outcomes can
be of particular value in clinical decision making and
during discussions with patients and families about
the prognosis.

Several models have been developed for prediction
of postoperative ventilation based on pulmonary func-
tion testing, but application of these models to patients
with ACSI is not practical, because these patients
remain immobilized in supine position. Therefore,
prediction of outcome based on simple bedside vari-
ables would be more appropriate. No such risk pre-
dictor scoring systems are available for patients with
CSI. A simple model incorporating clinical features
readily identified at bedside and information that could
be collected in a relatively short period would permit
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efficient triage and management without waiting for
additional tests or results. The objective of this study was
to develop and validate a simple bedside additive pre-
dictive score for requirement for ventilation and early
in-hospital mortality in patients with ACSI.

METHODS
Hospital ethical committee approval was obtained

for the study. The study was performed in 2 stages.
Stage I included collection of data and identification of
predictors of ventilation and in-hospital mortality in
patients after surgical stabilization for cervical spine
trauma (development set) and development of a pre-
dictor score. Stage II included validation of the score
on a separate set of data (validation set).

Retrospective record review of patients with blunt
CSI who underwent cervical spine surgery under
general anesthesia from June 1999 to June 2002 (devel-
opment set) at our institution (a tertiary referral center
with a spinal trauma care facility) was performed. All
patients were cared for in the SCI intensive care unit
according to the institutional protocols. Data were
obtained from the neurosurgical electronic database
and anesthesia records, and inconsistencies between
the 2 data sources were resolved by hospital record
review. Records with incomplete information were
excluded from the study. Patients requiring mechani-
cal ventilation or experiencing in-hospital mortality
for reasons not related to ACSI were also excluded
from analysis. Mortality resulting from refractory spi-
nal shock, respiratory failure, respiratory infections,
and deep vein thrombosis (DVT) were considered
deaths resulting from SCI. The following data were
collected: age, gender, the nature of the injury, the
type of cord lesion as seen on magnetic resonance
imaging, and the highest level of injury and severity of
injury as measured by the American Spinal Injury
Association (ASIA) Impairment Scale. Subjects with
either motor or sensory neurologic deficits were clas-
sified at the highest level of bilateral normal function
according to the criteria established by the ASIA
Impairment Scale.4 Other associated severe injuries
such as head injury, rib fractures and lung contusion,
abdominal injury, long bone injury, and other comor-
bid diseases were noted. Presence of preoperative
hemodynamic instability (bradycardia or hypotension
requiring inotropic support) and respiratory infec-
tions, defined by clinical (fever, cough, crepitations, or
wheeze) and radiological criteria (new infiltrates and
effusion), occurring any time during the hospital stay
and deterioration in ASIA scale grade or progression
of level of injury after admission were noted. Breath-
holding time (BHT), measured as the duration for
which the patient could hold their breath after a deep
inspiration, was noted as a simple bedside pulmonary
function test. Timing of surgical intervention, termed
early if undertaken within 3 days of injury, was noted.
Immediate postoperative outcome (tracheal extubation

or ventilation), development of postoperative hemody-
namic instability, respiratory infections, respiratory in-
sufficiency, and need for postoperative ventilation were
noted. The occurrence of DVT, pulmonary embolism,
and the mechanical complications of internal orthopedic
devices were also noted. Mechanical ventilation was
considered an outcome variable if it was required for
more than 48 h. The final outcome of interest was
in-hospital death or discharge from the hospital. The 2
dependent variables (primary end points) analyzed were
requirement for mechanical ventilation due to respira-
tory insufficiency and in-hospital mortality.

Statistical Analysis
Statistical analysis was performed using SPSS ver-

sion 13.0 (SPSS, Chicago, IL). Data are expressed as
mean and 95% confidence interval (CI) or as propor-
tions (%). Univariate analysis was performed, and
predictors were identified separately for mechanical
ventilation and in-hospital mortality. All variables
with a P value �0.05 in the initial univariate analysis
were considered potential predictors of the study pri-
mary end points. The significant variables with multiple
responses and continuous variables were redefined to
obtain a dichotomous response and analyzed again
before being entered into the multivariate logistic model.
The discriminatory ability of BHT for requirement of
mechanical ventilation was tested using receiver op-
erating characteristics (ROC) analysis. The cutoff
value with good sensitivity and specificity was deter-
mined, and BHT was dichotomized as above and
below the cutoff value.

Independent predictors of ventilation and in-hospital
mortality were determined using multivariate logistic
regression analysis. A hierarchical method of entry was
used to intentionally order the variables to be entered.
Variables that cannot be altered by clinical intervention,
such as the demographic variables, nature and severity
of injury at admission, and neurologic deterioration,
were entered first into the model. The variables that are
affected by intervention, such as hemodynamic insta-
bility, BHT, pulmonary infection, and mechanical ven-
tilation, were entered later. The R2 of the model,
change in R2 obtained by addition of the variable, and
the partial coefficients of each variable at each stage at
which the variable is added to the equation were
determined. The variable was retained if it contributed
to a significant change in R2 (0.5 or more). The final
models for predictors of mechanical ventilation and
in-hospital mortality were obtained using the vari-
ables with statistically significant contributions (P �
0.05). The goodness of fit was tested using Hosmer-
Lemeshow statistics. A P value �0.05 was considered
as showing that the model fits the data.

Development of Predictors of Respiratory Insufficiency
and Mortality Scores

The predictor scores were developed separately for
mechanical ventilation and in-hospital mortality on
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the development set using those variables that were
determined to be significant independent predictors
during the multivariate analysis. A score proportional
to the B values, which represent the relative impor-
tance and contribution of the variables in the model,
was assigned to each of the variables. The weighted
average of the variables in the model was set at 100.
The scores were then rounded to the nearest 5. The
scores thus obtained were referred to as predictors of
respiratory insufficiency and mortality (PRIM) scores.
The PRIM scores were calculated separately for respi-
ratory insufficiency requiring mechanical ventilation
and mortality, using the simple arithmetic sum of the
scores of independent end point predictors present in
each patient. The discriminative ability of the PRIM
scores for mechanical ventilation and in-hospital mor-
tality was calculated by measuring the area under the
ROC curve. An area under the ROC curve �0.75 is
considered consistent with a good discrimination abil-
ity. The best cutoff value of the score that predicts the
primary end point was determined from the ROC
curves. Finally, the patients in the development set
were stratified according to the presence of the pre-
dicted mechanical ventilation and mortality. Predicted
outcome (mechanical ventilation or in-hospital mor-
tality) obtained with the PRIM scores and observed
outcome were compared using the Pearson �2 test
(with Fisher’s exact test where applicable) and the
Spearman correlation. The positive predictive value
(PPV), negative predictive value (NPV), and accuracy
of the scores were determined.

External Validation
External validation was performed on data ob-

tained from an independent data set of consecutive
patients with ACSI admitted between June 2002 and
August 2005 (validation set). Predicted probabilities of
ventilation and in-hospital death for individual pa-
tients in the validation set were calculated using the
PRIM scores developed. Model discrimination was
assessed by ROC curve analysis. The differences in
predicted outcome, PPV, NPV, and accuracy were
determined as in the development set.

RESULTS
Retrospective data were obtained from 101 patients

who underwent surgical stabilization for blunt trau-
matic CSI and used to derive PRIM scores for respi-
ratory insufficiency requiring mechanical ventilation
and mortality. Data for validation of PRIM scores
were collected from 87 patients admitted with ACSI.

The baseline demographic and clinical characteris-
tics of the development and validation sets were
compared (Appendix, see Supplemental Digital Con-
tent, http://links.lww.com/AA/A40). Age and per-
centage of patients with ASIA Grade A, respiratory
infection, and hemodynamic instability were signifi-
cantly higher in the validation set. There were no other
significant differences between the data sets in terms

of demographic and injury characteristics. In the de-
velopment set, the incidence of respiratory insuffi-
ciency requiring ventilation was 16.8%. The overall
in-hospital mortality rate was 17.8%. The univariate
analysis of variables for prediction of mechanical
ventilation and in-hospital mortality is shown in Table
1. Variables associated with requirement for mechani-
cal ventilation and early in-hospital mortality were
severity of injury, BHT, hemodynamic instability, pul-
monary infection during hospital stay, and progres-
sive neurologic deterioration. In addition, the nature
of the injury on magnetic resonance imaging and
mechanical ventilation were associated with in-hospital
mortality. Age, gender, level of injury, type of injury,
associated injuries, and timing of surgery had no
correlation with requirement for mechanical venti-
lation or in-hospital mortality. None of the patients
had significant surgery-related complications or co-
morbid disorders. Complications related to DVT
could not be commented on because there was no
consistency in monitoring; however, there was no
record of deaths attributable to pulmonary thrombo-
embolism. ROC analysis revealed that BHT was a
good discriminator for ventilation, and the best cutoff
obtained was 12 s (Fig. 1). To obtain a dichotomous
response for BHT, patients were categorized as above
and below the cutoff. The patients with ASIA Impair-
ment Scale Grades A and B were categorized as severe

Table 1. Variables Assessed to Determine a Need for
Mechanical Ventilation and In-Hospital Mortality in the
Development Set

Variable

Mechanical
ventilation Mortality

Correlation
coefficient P

Correlation
coefficient P

Age 0.04 0.34 0.07 0.24
Gender 0.18 0.03* 0.08 0.21
Nature of

injury
0.10 0.15 0.28 0.00*

Head injury 0.05 0.31 0.06 0.27
Long bone

injury
0.04 0.33 0.95 0.17

Smoking 0.40 0.34 0.05 0.30
ASIA grade 0.36 0.00* 0.32 0.00*
Severe injury 0.43 0.00* 0.34 0.00*
Level of injury 0.07 0.23 0.11 0.13
Hemodynamic

instability
0.60 0.00* 0.49 0.00*

BHT 0.36 0.00* 0.28 0.00*
BHT (�12 s) 0.44 0.00* 0.27 0.00*
Timing of

surgery
0.07 0.27 0.67 0.25

Respiratory
infections

0.66 0.00* 0.56 0.00*

Neurological
deterioration

0.46 0.00* 0.59 0.00*

Mechanical
ventilation

— — 0.69 0.00*

BHT � breath-holding time; ASIA � American Spinal Injury Association.
* Significant correlation between variable and outcome measure.
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injury and the remaining patients as absence of severe
injury.

Table 2 shows the final model for the independent
predictors of ventilation identified on multivariate
analysis. The R2 of the model was 0.734 (P � 0.000).
The Hosmer-Lemeshow statistic (which tests the null
hypothesis that the model fits the data) was not
significant (P � 0.166). There was no significant cor-
relation between the variables. A predictor score de-
veloped using the regression coefficients of these
variables is shown in Table 2. The area under the ROC
curve for PRIM score for prediction of mechanical
ventilation was 0.95 (95% bias-corrected CI: 0.87–1.00),
which indicates excellent model discrimination. The
best cutoff score for prediction of ventilation was 45
(sensitivity 0.76 and 1 � specificity 0.03). Internal

cross-validation of the PRIM score for ventilation
(Table 3) shows good correlation and no statistically
significant difference between predicted and observed
outcomes. The odds ratio of mechanical ventilation
with predicted ventilation was 87.75 (95% CI:
17.5–437) with a PPV of 81%, an NPV of 95%, and an
accuracy of 93% for predicted ventilation.

Table 4 shows the independent predictors of in-
hospital mortality identified on multivariate logistic
regression analysis. The R2 of the model was 0.718
(P � 0.000). The goodness of fit assessed with the
Hosmer-Lemeshow statistic (P � 0.54) indicates that
the model fits the data well. A predictor score devel-
oped based on the regression coefficients of the inde-
pendent predictor variables is shown in Table 4. The
area under the ROC curve for the PRIM score for
prediction of in-hospital mortality in CSI was 0.96
(95% bias-corrected CI: 0.92–1.00), which indicates
excellent model discrimination of the score. The best
cutoff score for prediction of mortality was 50 at a
sensitivity of 0.83 and a 1 � specificity of 0.02. There was
no statistically significant difference between predicted
and observed mortality (Table 5). The predicted outcome
using the PRIM score for in-hospital mortality had an
odds ratio of 105.3 (95% CI: 18.4–600.7), a PPV of 86.7%,
an NPV of 94.2%, and an accuracy of 93.1%.

External Validation of PRIM Scores
The area under the ROC curve for the PRIM score

for prediction of mechanical ventilation in the valida-
tion set was 0.97 (95% bias-corrected CI: 0.95–1.0) and

Figure 1. Receiver operating characteristics of breath-holding
time (BHT) and need for mechanical ventilation. Area under
the curve was 0.83 (95% CI: 0.74–0.93), indicating good
discriminatory ability of BHT for ventilation (P � 0.000). The
best cutoff for BHT for requirement of ventilation was 12 s,
with a sensitivity of 0.9 and a 1 � specificity of 0.3.

Table 2. Development of PRIM Score for Prediction of Mechanical Ventilation in Acute Cervical Spine Injury

Variables included in model B se Wald P Exp (B) Score
Severe injury (ASIA impairment

Scales A and B)
2.10 1.08 3.80 0.051 8.16 15

Hemodynamic instability 3.11 1.47 4.49 0.034 22.52 25
BHT �12 s 2.80 1.20 5.46 0.020 16.48 20
Pulmonary infection 3.66 1.15 10.14 0.001 38.85 25
Neurological deterioration 2.18 1.10 3.91 0.048 8.87 15
Wald is the statistic used; the ratio of B to SE, squared, equals the Wald statistic. If the Wald statistic is significant (i.e., P � 0.05) then the parameter is useful to the model.
BHT � breath-holding time; ASIA � American Spinal Injury Association; PRIM � predictors of respiratory insufficiency and mortality; B � the beta coefficient for the variable in the model;
SE � the standard error for beta.
a The score of an individual patient is the sum of the scores of the variables present.
b A total score of 45 and more predicts requirement for mechanical ventilation.

Table 3. Internal and External Validation of the PRIM Score for
Prediction of Mechanical Ventilation in Cervical Spine Injury

Observed
ventilation

Predicted ventilation

Development set (n � 101) Validation set (n � 87)

No Yes Total No Yes Total

No 81 (80.1%) 4 (4%) 85 63 (72.4%) 5 (5.7%) 68
Yes 3 (3%) 13 (12.8%) 16 2 (2.3%) 17 (19.5%) 19
Total 84 17 101 76 9 87

PRIM � Predictors of Respiratory Insufficiency and Mortality.
a Development set—Good correlation between predicted and observed mechanical ventilation
(Spearman correlation 0.74 �P, 0.000�), no statistically significant difference between
predicted and observed ventilation.
b Validation set—Spearman correlation 0.78 (P, 0.000), no statistically significant difference
between predicted and observed outcomes.
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0.98 (95% bias-corrected CI: 0.97–1.0) for in-hospital
mortality, consistent with excellent model discrimina-
tion. A good correlation was seen between predicted
end points and observed ventilation requirement and
in-hospital mortality rates (Tables 3 and 5). The odds
ratio for requiring mechanical ventilation in patients
with predicted ventilation was 107.1 (95% CI:
19–601.2), and the predicted ventilation using the
PRIM score for ventilation had a PPV of 77.3%, an
NPV of 96.9%, and an overall accuracy of 91.9%. The
PRIM score for in-hospital mortality applied to the
validation set had an odds ratio of 165 for in-hospital
mortality, a PPV of 71.4%, an NPV of 100%, and an
overall accuracy of 93.1%. Surgical stabilization was
deferred because of adverse predicted outcome in 16
patients in the validation set. The mortality was 81.3%
in these patients. In the operated patients, the mortal-
ity was 2.1%, with a PPV of 66% and an NPV of 100%.
In nonoperated patients, the PPV was 86.6% and the
NPV was 100%.

DISCUSSION
In this study, independent predictors of ventilation

and in-hospital mortality in patients with traumatic
ACSI were identified, and a simple bedside risk predic-
tion score, the PRIM score, was developed. The score
performed well on both internal and external validation.

Recent stabilization techniques and pharmacologi-
cal advancements have resulted in a substantial reduc-
tion of risk of death and major complications for

patients with ACSI. However, the presence of com-
plete injury, respiratory insufficiency, and hemody-
namic instability is still associated with an increased
risk of mortality, which is inherent in the natural history
of the disease itself.3,5,6 Thus, precise prediction of indi-
vidual patient outcome has particular importance dur-
ing discussions with patients and families regarding
prognosis or for clinical decision making.

The mortality rate due to traumatic ACSI observed
in the population studied was relatively high com-
pared with mortality rates previously reported in
other series,6–8 which reflects the high percentage of
patients with severe injury (ASIA Impairment Scale
Grades A and B) and hemodynamic instability in this
series. In agreement with findings from other studies,
higher mortality rates were observed in patients who
were hemodynamically unstable.3,9 Most patients had
cervical injury at C4-5, consistent with other stud-
ies.8,10,11 In contrast to several other studies, level of
injury was not an independent variable predicting
mechanical ventilation or mortality. CSI is a dynamic
process, and the level of cord injury is not restricted to
the initial level of injury. Moreover, the severity of
injury and the physiological consequences of injury,
such as hemodynamic compromise and respiratory
compromise resulting from autonomic and motor
involvement, determine the outcome. Given the het-
erogeneous nature of involvement and the dynamic
nature of the disease, the aforementioned consequences
would determine the outcome rather than the level of
injury. A similar observation has been made by Winslow
et al.12 The neurologic deterioration due to secondary
injury was an important predictor of mechanical venti-
lation and mortality, emphasizing the need for early
referral to specialized centers and intensive care to
initiate measures for reduction of secondary injury.
Secondary deterioration occurred in both operated and
conservatively managed patients and was not attribut-
able to any specific management event.

Models for prediction of mechanical ventilation in
postoperative and intensive care unit settings are
usually based on spirometric pulmonary function tests
or laboratory values of adequacy of oxygenation
(Pao2, Fio2/Pao2, and alveolar-arterial difference in
oxygen tension). Patients with ACSI are immobilized
in supine position, and their performance of spirom-
etry could be difficult. Early detection of mechanical

Table 4. Development of PRIM Score for Prediction of In-Hospital Mortality in Cervical Spine Injury

Variables included in model B se Wald P Exp (B) Score
Severe injury (ASIA impairment

Scales A and B)
2.69 1.345 3.99 0.05 14.74 20

Hemodynamic instability 2.72 1.45 3.53 0.05 15.18 20
Neurological deterioration 4.26 1.59 7.12 0.01 70.51 40
Mechanical ventilation 2.56 0.96 7.10 0.01 12.88 20
Wald is the statistic used; the ratio of B to SE, squared, equals the Wald statistic. If the Wald statistic is significant (i.e., P � 0.05) then the parameter is useful to the model.
PRIM � predictors of respiratory insufficiency and mortality; ASIA � American Spinal Injury Association; B � the beta value for the variable in the model; SE � the standard error for beta.
a The score of an individual patient is the sum of the scores of the variables present.
b A total score of 50 and more predicts early in-hospital mortality.

Table 5. Internal and External Validation of PRIM Score for
Prediction of In-Hospital Mortality in Cervical Spine Injury

Observed
mortality

Predicted mortality

Development set
(n � 101)

Validation set
(n � 87)

No Yes Total No Yes Total

No 81 (81.2%) 2 (2%) 83 66 (57.5%) 6 (5.2%) 72
Yes 5 (5.1%) 13 (13.1%) 18 0 (0%) 15 (13.1%) 15
Total 86 15 101 66 18 87

PRIM � predictors of respiratory insufficiency and mortality.
a Development set—good correlation between predicted and observed in-hospital mortality
(Spearman correlation 0.761 �P, 0.000�), no statistically significant difference between
predicted and observed ventilation.
b Validation set—Spearman correlation 0.835 (P, 0.000), no statistically significant difference
between predicted and observed outcomes.
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respiratory failure that results from motor weakness
in these patients is not possible or reliable with the
blood gas analysis. Thus, BHT was used as a simple
bedside pulmonary function test to assess the ad-
equacy of vital capacity, which is the first to be
affected in CSI.13,14 Because there were no cutoff
values established in the literature for the use of BHT
in patients with CSI, ROC analysis was used to
determine the best cutoff. BHT had good discrimina-
tory power to identify patients requiring mechanical
ventilation (area under ROC curve 0.8, with the best
cutoff value at 12 s). The test of BHT requires no
equipment, is simple to interpret, understand, and
perform, and has good reliability. However, its limi-
tations, including the necessity for the patient to
understand and cooperate, and the inability of chest-
injured and unconscious patients to perform the test,
have to be considered.

The scores were derived for patients who under-
went surgical stabilization of the cervical spine in a
tertiary referral center, which could have resulted in
referral and selection bias. Hemodynamic instability
and respiratory infection were higher in the validation
set. Overall mortality was comparable between the
sets. Validation of PRIM scores on the validation set
yielded a lower PPV for both ventilation and mortality
than validation on the development set. This could
have resulted from patients with higher scores and
poor predicted outcome receiving more intensive man-
agement. There was a considerable emphasis on early
surgical stabilization during the period when the devel-
opment set of data was collected, which resulted in
surgery being performed on patients with suboptimal
hemodynamic and respiratory stabilization. Analysis of
the development set of data showed no significant
difference in neurologic deterioration between patients
who underwent early surgery and delayed surgery.
Complications such as postoperative hemodynamic in-
stability and respiratory insufficiency were higher with
early surgical stabilization (not shown in the results),
as observed by authors earlier.15,16 During the period
of validation of score, surgery was undertaken after
hemodynamic and respiratory stabilization. For 16 of
the 87 patients in the validation set, surgical stabiliza-
tion was not performed because of a predicted high
risk of mortality, and they were managed conserva-
tively. The mortality in these patients was 81.3%. The
operative mortality was 17.8% in the development set
compared with 2.3% in the validation set. There were
6.9% of operated patients who required mechanical
ventilation compared with 16.8% in the development
set. The application of the PRIM scores contributed to
effective triaging of patients for surgery and aggres-
sive optimization of identified predictors of mechani-
cal ventilation and mortality.

Limitations
The total sample size was modest (n � 188); no

formal power calculation was done for this study. The

intent of the study was to use these data to better
estimate the primary outcome rates in a representative
population of patients. Although there was excellent
correlation between observed and predicted need for
mechanical ventilation and early in-hospital mortality
rates, and validation of the model was performed on
the independent data set, additional validation in other
subgroups with larger samples might be needed. The
independent validation data set was obtained from the
same institution that developed the initial model. Vali-
dation of the score with data obtained from other insti-
tutions is required, because this diversity would lead to
stronger external validity. Predictive accuracy is ex-
pected to vary with external validation in other mul-
ticenter registries. Therefore, one should be cautious
when generalizing these findings until the score has
been widely tested.

The score includes variables that are amenable to
optimization, such as hemodynamic instability and
respiratory infection. Another potential concern is
incorrect prediction. Because the family of the patient
is likely to decide against expensive interventions
such as surgery when mortality is forecast, incorrect
prediction of survival would result in futile expendi-
ture. However, this tool should not be used to deny
care to high-risk patients, but rather to help patients
make decisions that are more informed and to reas-
sure low-risk patients that their low-risk estimate is
based on a tested mathematical model. This enables
family members to realize that aggressive manage-
ment is likely to result, nonetheless, in an adverse
outcome and to accept a decision to reduce or with-
hold care.

CONCLUSION
PRIM scores were developed based on simple bed-

side tests (e.g., the BHT) and readily available clinical
variables. These are simple to obtain and do not
require complex mathematical calculations. Applica-
tion of these scores results in fairly accurate prediction
of a requirement for mechanical ventilation and of
in-hospital mortality in patients with ACSI.
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