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Abstract

Introduction—Early recognition and treatment of trauma patients requiring massive transfusion 

(MT) has been shown to reduce mortality. While many risk factors predicting MT have been 

demonstrated, there is no universally accepted method or algorithm to identify these patients. We 

hypothesized that even among experienced trauma surgeons, the clinical gestalt of identifying 

patients who will require MT is unreliable.

Methods—Transfusion and mortality outcomes after trauma were observed at 10 U.S. Level-1 

trauma centers in patients who survived ≥30 minutes after admission and received ≥1 unit of RBC 

within 6 hours of arrival. Subjects who received ≥ 10 units within 24 hours of admission were 

classified as MT patients. Trauma surgeons were asked the clinical gestalt question “Is the patient 

likely to be massively transfused?” ten minutes after the patients arrival. The performance of 

clinical gestalt to predict MT was assessed using chi-square tests and ROC analysis to compare 

gestalt to previously described scoring systems.

Results—Of the 1,245 patients enrolled, 966 met inclusion criteria and 221 (23%) patients 

received MT. 415 (43%) were predicted to have a MT and 551(57%) were predicted to not have 

MT. Patients predicted to have MT were younger, more often sustained penetrating trauma, had 

higher ISS scores, higher heart rates, and lower systolic blood pressures (all p < 0.05). Gestalt 
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sensitivity was 65.6% and specificity was 63.8%. PPV and NPV were 34.9% and 86.2% 

respectively.

Conclusion—Data from this large multicenter trial demonstrates that predicting the need for MT 

continues to be a challenge. Because of the increased mortality associated with delayed therapy, a 

more reliable algorithm is needed to identify and treat these severely injured patients earlier.

Level of Evidence—II; Diagnostic study - Development of diagnostic criteria on basis of 

consecutive patients (with universally applied reference standard)
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INTRODUCTION

Predefined massive transfusion (MT) protocols initiate a sequence of events in trauma 

centers that facilitate rapid and on-going delivery of blood products to critically injured 

patients. Implementation and maturation of such protocols is associated with decreased time 

to plasma availability, reduction in overall delivery times, decreased provider variability, 

reduction in overall blood product usage and waste, and a reduction in mortality, irrespective 

of the ratios delivered [1–7]. Despite the increased adoption of MT protocols at many 

trauma centers, criteria for protocol activation remain ill defined and highly variable, and 

early identification of patients who will require MT remains a challenge.

The relative inability to reliably predict MT has resulted in the development of several 

algorithms to help identify MT patients, however most have originated from retrospective 

databases and often require limited or unavailable laboratory data, injury severity scores, or 

complicated calculated values. Others are not adopted because of the accuracy or user-

dependence of some components (FAST). The limited accuracy, complexity, and feasibility 

issues of these models have resulted in no universally accepted predictive model currently in 

use. Given these limitations, many trauma surgeons rely on patient characteristics and 

clinical reasoning skills to formulate an overall clinical gestalt in order to quickly make 

treatment decisions and predict who will require a MT.

Gestalt theory was proposed as a concept in psychology that suggests that the nature of a 

unified whole is not understood by analyzing its parts [8]. Gestalt experiments have shown 

that the brain does not act like a sponge but rather it actively filters, structures, and matches 

incoming information against known patterns to make sense of it [9–11]. In healthcare 

decision-making, clinical gestalt is the heuristic approach to quickly forming a diagnosis and 

treatment plan, often within seconds of data collection, via pattern recognition and 

organization of clinical observations and our perception of those observations [12, 13]. 

Intuitively, experience positively influences pattern recognition skills and decision-making 

accuracy and this is supported in the literature [12, 14]. However there are several important 

pitfalls in gestalt-based decision-making, such as increased attention to obvious details and 

grouping of findings that are in close proximity or are similar to one another [15].
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Many surgeons argue that defined scoring systems are unnecessary and that their own 

judgment or gestalt is quite reliable in identifying the extremes of overt hemorrhage (or lack 

thereof) with a relatively high degree of certainty. For remaining group of severely injured 

patients, in which the need for MT is less obvious early after arrival, the reliability of 

clinical gestalt is unknown and has not previously been evaluated. Furthermore, it is unclear 

how this skillset compares to existing scoring systems. We hypothesized that even among 

experienced trauma surgeons, the ability of clinical gestalt to predict patients who will 

require MT is unreliable.

METHODS

The PRospective Observational Multicenter Major Trauma Transfusion (PROMMTT) Study 

was conducted at ten level-1 trauma centers in the United States from July 2009 to October 

2010 [16]. The primary objective of the PROMMTT study was to investigate in-hospital 

mortality to early transfusion of time-varying ratios of blood products. Patients were eligible 

if they required the highest level of trauma activation, were aged 16 years or older, and 

received a transfusion of at least one unit of RBCs in the first six hours after arrival. Because 

the premise of the study was built around observing outcomes in relation to transfusion 

practices, the inclusion criteria ensured that the patients selected for the study were very 

likely to have some degree of internal hemorrhage and/or hemodynamic instability 

suggesting hemorrhage. At each study site and the Data Coordinating Center, the local 

institutional review board approved the study. All participating centers had MT protocols in 

place [17].

Data was recorded in real-time via direct bedside observation by research assistants 

beginning at the time of trauma team activation and continuing until active resuscitation 

ended. As part of the study protocol, each trauma attending was asked to answer “yes” or 

“no” to the gestalt question “Is this patient likely to be massively transfused” ten minutes 

after the patient’s arrival. After direct observation ended, outcomes were recorded daily 

while the patient was in the intensive care unit and weekly thereafter during hospitalization. 

Individual site clinicians ascribed cause of in-hospital death and data collectors ascertained 

sites of bleeding.

Scoring Systems

Some severely injured patients did not undergo routine baseline assessments owing to the 

emergent nature of their injuries. Despite not having some of the critical elements required 

to calculate published MT scores in every patient, we evaluated three previously validated 

MT scoring systems. The TASH (Trauma Associated Severe Hemorrhage) score uses seven 

independent variables to identify patients who will require a MT. The variables are weighted 

and rely on laboratory values that may make the scoring system difficult to apply in a real-

time fashion at some trauma centers. [18]. The McLaughlin score is a product of 

retrospective combat data that uses fewer variables and dichotomous outcomes for 

simplicity. However, like the TASH score, it requires lab values that may not be 

immediately available for calculating variables in any MT algorithm [19, 20]. The 

Assessment of Blood Consumption (ABC) score uses immediately available data and (no 
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laboratory values or injury scores) but is limited in some centers by the variable use of and 

highly operator-dependent FAST examination [21, 22].

Statistical Analysis

Demographic evaluation and incidence of MT at each institution was calculated. Univariate 

comparison was performed for MT status, gestalt positive (patients predicted to receive an 

MT) versus gestalt negative (those not predicted to receive an MT), and those correctly and 

incorrectly classified within the gestalt negative group. MT was defined as receiving 10 

units of RBCs within 24 hours of arrival. Alternatively, a separate analysis was conducted 

including those who died of hemorrhagic deaths within the first 24 hours of arrival to 

address concerns of potential survivor bias, as well as those receiving MT at 6 hours and 

those classified as having substantial bleeding (≥ 5 PRBCs) at 4 hours. The primary outcome 

of the study was the performance of trauma surgeon clinical gestalt to predict MT, as 

estimated by the AUROC curve and sensitivity, specificity, positive predictive value (PPV), 

and negative predictive value (NPV). Secondary outcomes included evaluating gestalt 

performance using alternative definitions of MT (MT or hemorrhagic death in 24 hours, MT 

at 6 hours, and substantial bleeding) as well as comparing gestalt performance of MT 

prediction to other previously described scoring systems.

Purposeful regression modeling was used to construct a multivariate logistic regression 

model to identify the risk factors for incorrectly classified gestalt negative patients (false 

negatives). In an effort to minimize the risk of falsely identifying significant results with 

multiple comparisons, all variables were pre-specified and judged a priori to be clinically 

sound. Variables with significance of <0.20 were used in the final model and included the 

following: injury mechanism, pelvic bleeding, limb bleeding, presence of isolated traumatic 

head injury, abbreviated injury scores (AIS) for the chest, abdomen, and extremities, base 

deficit, and blood pH. Calculation of the TASH, McLaughlin, and ABC scores was 

performed for patients who had the necessary variables required for all three scores (39% of 

PROMMTT Study patients and 50% who had gestalt question answered). AUROC curves 

were generated for each scoring system and compared to clinical gestalt using tests of 

equality for multiple ROC areas with adjustment using Sidak’s method.

Continuous data were presented as medians and interquartile ranges (IQR) and tested for 

significance using the Wilcoxon rank sum test (Mann-Whitney U test). Categorical data 

were reported as proportions and tested for significance using χ2 or Fisher exact tests. All 

statistical tests were two tailed with p < 0.05 set as significant. STATA version 12.1 

(College Station, TX) statistical software was used for data management and analysis.

RESULTS

There were 34,362 trauma admissions at the 10 participating centers from July 2009 to 

October 2010. Data collection was initiated for 12,560 patients; of these, 11,315 became 

ineligible and were withdrawn from the study and 1,245 met all PROMMTT Study 

eligibility criteria. Of these, the clinical gestalt question was answered in 966 (78%) 

patients. No major clinical differences were detected between patient groups in which the 

gestalt question was answered versus not answered (FIGURE 1).
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The study cohort was predominantly young to middle-aged (38 years; IQR 24–54) males 

(73.8%) sustaining blunt trauma (64.8%) with moderate to severe injury (ISS 25; IQR 14–

34). The overall MT rate was 23 % (n = 221) and the overall in-hospital mortality rate was 

21 % (n=203). Of those who died in the study, 54% died in the first 24 hours and 4% died 

between 30 minutes and 1 hour after arrival. Demographics and clinical characteristics by 

MT group are summarized in TABLE 1. Patients receiving MT were more critically injured 

and had a higher degree of physiologic derangement as indicated by lower arrival blood 

pressures, higher heart rates, lower GCS, and more extreme laboratory values. MT patients 

had more severe injuries to the chest and abdomen and more often had a positive FAST 

exam. The predicted rate of MT according to gestalt was 43% (n = 415). Similar to the 

comparison of patients by MT group, patients predicted to receive MT were also more 

critically injured and had a higher degree of physiologic derangements. TABLE 2 

summarizes the clinical characteristics and outcomes of patients by clinical gestalt group.

Of the 415 patients predicted to receive MT, only 145 (35%) actually received MTs, while 

of the 551 patients predicted not to receive MT, 475 (86%) were correctly classified 

(FIGURE 1). This indicates that gestalt more reliably predicts patients who will not require 

MT while over triaging those who might require a MT. Because exsanguinating patients 

who died in the first 24 hours might not have lived long enough to receive a full MT, a 

sensitivity analysis was conducted in which gestalt predicted either MT or hemorrhagic 

deaths within 24 hours. Even when accounting for this survivor bias, results were unchanged 

and gestalt performed nearly identical. TABLE 3 summarizes the sensitivity, specificity, 

positive and negative predictive values for clinical gestalt in predicting the need for MT at 

24 hours, MT or hemorrhagic death.

Gestalt accurately predicted only two thirds of patients who would require MT and 76 (14%) 

patients who were predicted to not receive MT were incorrectly classified and received a 

MT. To better understand these false negatives or “missed” MT patients, comparison was 

made between false negatives and true negatives (TABLE 4). Among the gestalt negative 

group, false negatives more often had a positive FAST exam and were three times as likely 

to have bleeding in the pelvis than those who did not receive a MT. False negatives were 

also more critically injured with higher degrees of physiologic derangements and the 

mortality rate was twice as high for false negatives than true negatives (27.6 vs. 13.9%; 

p=0.002). Using multivariate logistic regression to adjust for potential confounders, bleeding 

in the pelvis (OR 2.04; 95%CI 1.07–3.90; p=0.03), increasing pH (OR 0.003; 95%CI 

0.0001–0.0944–3.90; p=0.001), and more positive base values (OR 1.10; 95%CI 1.02–1.19; 

p=0.02) were found to be independently predictive of MT gestalt failure. This indicates that 

patients with less severe acidosis (each 0.1 increase in pH) and less severe base deficit (each 

1 point positive increase) were more likely to be incorrectly predicted to not receive a MT.

In an effort to put prediction of MT using clinical gestalt in perspective in this subset of 

trauma patients, the performance of gestalt was compared to three previously proposed 

scoring systems (FIGURE 2). Because of missing data in at least one of the several variables 

required to calculate all of the scores, this analysis was limited to only 486 patients that had 

complete data for all necessary variables. The associated variables and performance of 

gestalt and the ABC, TASH, and McLaughlin scores are listed in Table 5. Each of the scores 
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performed significantly lower in the current study than in the original or validated datasets 

from which they originated. Among the 486 patients analyzed for comparison, the TASH 

score correctly classified more patients than gestalt (0.72 vs. 0.62; p=0.01), however no 

statistically significant difference in predictive ability was detected between clinical gestalt 

and the ABC or McLaughlin scores (TABLE 5).

DISCUSSION

This study is the first to prospectively evaluate the ability of clinical gestalt in predicting the 

need for massive transfusion in bleeding trauma patients. After observing 966 trauma 

patients across ten U.S. trauma centers who received at least one unit of PRBC within the 

first six hours after injury, we found that clinical gestalt is an unreliable predictor of MT in 

trauma patients. With a sensitivity of only 66%, gestalt functioned poorly as a screening test 

for MT, missing over one third of patients who ultimately required MT. This is further 

underscored by the fact that the tendency is to significantly over-triage patients, as indicated 

by the fact that only 35% (PPV) of those predicted to receive MT actually received it. 

Ultimately this indicates that trauma surgeons’ threshold for MT activation is low yet one 

third of patients are still missed and potentially under resuscitated.

The performance of clinical gestalt and its potential pitfalls have perhaps best been 

described in determining the pretest probability of pulmonary embolism. Previous studies 

have shown gestalt to be a relatively poor diagnostic tool however its performance is 

comparable to existing algorithms [7, 23]. The same has been demonstrated in the trauma 

setting [22, 24]. When used to identify trauma patients at risk for thoracic injury, the 

sensitivity of gestalt was only 58.7% however this was still significantly higher than two 

other statistical models with which it was compared. Similar to our findings, the NPV was 

much higher at 94.4%, indicating gestalt was more accurate in ruling out the diagnosis [25, 

26]. In a separate trauma study evaluating the ability to predict survival, gestalt performed 

poorly with sensitivities as low as 34.8% in nurses and 51.7% in attending trauma surgeons 

[27].

In the setting of a well-developed MT protocol and trauma system, over-triaging is an 

acceptable consequence, as it is much easier to return unused blood than manage the patients 

awaiting product delivery.[6] The patients of interest, then, are those who “fool us” and go 

undetected despite this tendency to over-triage. After adjusting for confounders, these false 

negatives or “missed” MT patients were more often bleeding in the pelvis and had less 

deviation in their blood pH and base deficits. This is similar to the original description of the 

ABC score’s false negative patients (pelvic fractures, severe chest trauma, multiple long 

bone fractures) [21]. While it is unclear how often these labs were available at the time of 

the gestalt decision, it is possible that the patients with less critical lab values appeared to be 

less “sick” compared to those who were predicted to need MT. This may suggest that our 

threshold should be lower for patients with significant pelvic injuries.

There are several important limitations of this study. The first and perhaps most important is 

that the PROMMTT inclusion criteria was designed to include in the study patients 

receiving at least some blood (one unit in first six hours) but not patients so sick they died 
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within 30 minutes. This inherently selected out the two extremes of patients in which 

clinical gestalt likely performed best: those who succumbed early to massive exsanguination 

and those who were not bleeding at all. If clinical gestalt had been evaluated in these 

patients, it may have performed with much higher accuracy. Therefore it is important to 

interpret these data as an assessment of clinical gestalt in bleeding patients who survive to 

30 minutes. This selection bias is also likely responsible for the poor performance of the 

other MT scoring systems calculated in this cohort. Finally, a more relevant and important 

question may be is “what really defines a massive transfusion?” Clinical gestalt and existing 

algorithms may perform poorly because we are asking the wrong question. Upon initial 

assessment of a critically injured patient arriving to the ED, it is likely that physicians are 

actually considering immediate transfusion needs rather than 10 units of RBCs over the next 

24 hours. If the goal of MT protocols is to give blood early and give it fast, then the utility of 

clinical gestalt is most important in the first several hours, not in the first 24 hours. Future 

studies should asses these endpoints.

The results of this study also rest on the inherent assumption that the MTs provided to 

patients were appropriate and beneficial, however the indications and benefits cannot be 

ascertained from this dataset. In addition, the issue of missing data limited several of the 

analyses and was an additional source of bias, as missing data was likely not missing at 

random for some variables. The most obvious case was the fact that the gestalt question was 

not answered in 22% of PROMMTT patients, however no clinically important differences 

between these two patient groups were detected. Missing data also limited our ability to 

calculate and compare the three other MT scoring systems with gestalt in all 966 cohort 

patients. In addition to the aforementioned selection-bias, the much smaller sample size of 

patients used for this secondary analysis is likely another contributor to the low performance 

of MT scoring systems in our study. Despite this limitation and deviation from the potential 

higher performance of these scores in larger, unbiased datasets, the purpose of this analysis 

was primarily to aid in the interpretation of results by evaluating the performance of gestalt 

relative to other scoring systems in this particular subset of trauma patients. Scores were 

compared to each other in 486 patients with complete datasets, and this still represents the 

only comparison of clinical gestalt to other MT scoring systems using prospectively 

collected data. It is important to note that the presence of missing data also limits our ability 

to dismiss the performance of these scores as equally poor in their predictive ability. As 

illustrated in TABLE 5, these well-described and validated scoring systems perform much 

better when data necessary for their calculation is complete.

The gestalt question may have also influenced the attending surgeon’s thought process or 

decision to activate their institution’s MT protocol. When measuring provider compliance of 

individual MT protocol components, failure to activate MT protocols in the ED has been 

shown to be an independent predictor of early mortality and have the highest noncompliance 

rate [1]. The gestalt question may have actually reminded the physician to activate an MT 

protocol in situations where they had not initially thought to do so, possibly increasing the 

rate of protocol activation and contributing to over-triage.

Finally, the question of “why” trauma surgeons predicted MT was not addressed in this 

study and may provide an additional critical element to understanding MT prediction and 
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care of the critically injured patient. However, if clinical gestalt is, in fact, more complicated 

than the sum of its parts, then the answer to this question would likely be multiple and 

highly variable, not only by surgeon, but also for each patient. The surgeon’s assessment of 

hemorrhage and need for MT is constantly changing as new information becomes available 

and the patients condition changes. Therefore, a single assessment of the need for MT is 

likely insufficient and the clinical gestalt question likely needs to be readdressed at several 

different points during the resuscitation process.

Despite these limitations, clinical gestalt is by no means irrelevant or unreliable to the extent 

it should not be used in the clinical setting. In the setting of mass casualty or disaster 

scenarios, where laboratory and imaging capabilities may be scarce, clinical gestalt is 

undoubtedly the primary, if not only, method of triaging patients and prioritizing utilization 

of resources. Furthermore, clinical gestalt may perform even better if used in conjunction 

with lab-driven algorithms or as an added component to existing scoring systems to further 

increase the early identification and treatment of severely injured patients in need of MT.

CONCLUSION

Many deaths after trauma occur early and result from exsanguination. Despite many 

advances in trauma resuscitation, early identification of patients who require a MT remains a 

challenge and current algorithms are limited. While there may be limitations to predicting 

MT after trauma using clinical gestalt, the marginal performance and limitations of existing 

algorithms continue to prevent widespread use or universal acceptance of any single, high-

performing alternative. More work is needed to develop an accurate, reliable, and 

standardized way of identifying the need for MT in critically injured patients.
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Figure 1. 
CONSORT diagram for patient inclusion and exclusion in this study.
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Figure 2. 
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Table 3

Performance of Clinical Gestalt at Predicting MT and Significant Bleeding

MT at 24 hrs*
(n=966)

MT or Hemorrhagic Death in 24 hrs*
(n=966)

Prevalence, % 23.0 (20.0–25.7) 24.0 (22.0–27.3)

Sensitivity, % 65.6 (58.9–71.9) 66.5 (60.1–72.5)

Specificity, % 63.8 (60.2–67.2) 64.7 (61.1–68.1)

PPV, % 34.9 (30.4–39.7) 37.8 (33.1–42.7)

NPV, % 86.2 (83.0–89.0) 85.7 (82.5–88.5)

AUROC 0.65 (0.61–0.68) 0.66 (0.62–0.69)

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUROC, area under receiver operating curve

*
MT: denotes transfusion of ≥ 10 units red blood cells (RBC) in specified time period
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