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Abstract
Introduction  Physiology-driven resuscitation has become the standard of care in severely injured patients. This has resulted 
in a decrease in acute deaths by hemorrhagic shock. With increased survival from hemorrhage, focus shifts towards death 
later during hospital stay. This population based cohort study investigated the association of initial physiology derangement 
correction and (late) mortality.
Methods  Consecutive polytrauma patients aged > 15 years with deranged physiology who were admitted to a level-1 trauma 
center intensive care unit (ICU) from 2015 to 2021, and requiring surgical intervention < 24 h were included. Patients who 
acutely (< 48 h) died were excluded. Demographics, treatment, and outcome parameters were analyzed. Physiology was 
monitored by serial base deficits (BD) during the first 48 h. Correction of physiology was defined as BD return to normal 
values. Area under the curve (AUC) of BD in time was used as measurement for the correction of physiological derangement 
and related to mortality 3–6 days (early), and > 7 days (late).
Results  Two hundred thirty-five patients were included with a median age of 44 years (70% male), and Injury Severity 
Score (ISS) of 33. Mortality rate was 16% (71% due to traumatic brain injury (TBI)). Median time to death was 11 (6–17) 
days; 71% died > 7 days after injury. There was no difference between the single base deficit measurements in the emergency 
department(ED), operating room (OR), nor ICU between patients who died and those who did not. However, patients who 
later died were more acidotic at 24 and 48 h after arrival, and had a higher AUC of BD in time. This was independent of 
time and cause of death.
Conclusion  Early physiological restoration based on serial BD measurements in the first 48 h after injury decreases late 
mortality.
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Introduction

Physiology-driven resuscitation has become standard of 
care in severely injured patients. This has caused a decrease 
in acute deaths by hemorrhagic shock resulting in both a 
delayed time to death, and an increased proportion of death 
by other causes than exsanguination [1]. Recent studies have 

demonstrated that traumatic brain injury (TBI) has become 
the most common cause of death in blunt traumatic injury 
in the western world with up to 77% of death caused by TBI 
[1–6]. Besides prevention of brain injury, treatment should 
focus on preventing secondary damage of the brain once the 
injury has occurred. One of these strategies is prompt and 
adequate restoration of physiological derangement. Meas-
urements such as heart rate, blood pressure, and hemoglobin 
have shown to be inaccurate for identifying severe hemor-
rhage and predicting outcome [7–10]. However, indicators 
of anaerobic metabolism and acidosis, reported as being 
strongly associated with the degree of blood loss and out-
come, have been suggested as end points of resuscitation 
[7, 11, 12].

One of the parameters that represent acidosis is base 
deficit (BD) which has been regarded as a reliable param-
eter of physiological derangement, and a deeper arterial BD 
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has been consistently associated with increased mortality 
[11–19]. However, in most reports no distinction was made 
between acute (< 48 h), early (3–6 days) and late (> 7 days) 
deaths. Additionally, only few studies have reported serial 
base deficit measurements during hospital stay [12, 19].

We hypothesized that early and adequate restoration of 
physiological derangement could beneficially influence both 
early and late mortality in a polytrauma population in which 
TBI has become the main cause of death. Therefore, we 
conducted a retrospective cohort study with prospectively 
collected data to investigate whether early correction (within 
48 h) of physiological derangement measured by serial base 
deficits up to 48 h after injury would be related to death later 
than 48 h in severely injured patients.

Materials and methods

A prospective population-based cohort study was undertaken 
to investigate outcomes in severely injured patients admitted 
to the intensive care unit (ICU) of a major (Level-1) trauma 
center (University Medical Center Utrecht, the Netherlands). 
Details of the hospital and catchment area were previously 
described [20]. From January 2015 until December 2021 all 
consecutive polytrauma (Injury Severity Score (ISS) > 15) 
patients > 15 years of age who had a deranged physiology 
(defined as base deficit < − 2.0 mEq/L), underwent urgent 
surgery (< 24 h after admission) and were admitted to the 
adult ICU were included. Patients who died within 48 h 
after injury were excluded. Additionally, patients who were 
referred from other institutes later than 24 h after injury 
were excluded as well. Patients with isolated TBI, asphyxi-
ation, drowning and burns were also excluded, because of 
potential different physiologic response to severe trauma and 
a significantly different mortality and morbidity profile [21, 
22]. Isolated injury to the brain was defined as Abbreviated 
Injury Scale (AIS) head > 3 and AIS < 2 in other regions.

All data were prospectively collected by authors KW and 
LL and included demographics, shock and resuscitation 
parameters. Administration of both crystalloid and blood 
products was documented in the first 24 h after admission. 
Further, detailed data of all surgical interventions per patient 
within the first 48 h after admission were documented and 
contained type, timing and duration of surgery (total time 
in Operation Room (OR)), per-operative physiology (base 
deficit, hemoglobin, temperature) and resuscitation param-
eters (crystalloids, packed red blood cells (PRBC), fresh fro-
zen plasma (FFP), platelets (PLT), tranexamic acid (TXA)). 
Additionally, Denver Multiple Organ Failure (MOF) scores 
[19], and Adult Respiratory Distress Syndrome (ARDS) 
Berlin criteria [23] were registered daily up until 28 days or 
discharge from ICU.

Correction of physiological derangement was measured 
by arterial base deficit which was repeatedly measured until 
normalization (BD > − 2.0 mEq/L) or up until 48 h after 
arrival. Arterial base deficit was directly calculated from the 
blood gas analyzer from the partial pressure of carbon diox-
ide in arterial blood (PaCO2), pH, and serum bicarbonate 
(HCO3) as applied to a standard nomogram and represents 
the number of milli-equivalents of additional base that must 
be added to a liter of blood to normalize pH. Base deficit 
was chosen to measure physiological derangement since it 
has proven to be a consistent predictor of the need for hemo-
static resuscitation and mortality in severely injured patients 
[11–18]. In all patients BD (worst value in case of several 
measurements) was measured in the Emergency Department 
(ED, t = 0), OR, and on arrival in ICU. Additional BD after 
24 h and 48 h after arrival was measured in case of ongoing 
physiological derangement.

Area under the curve (AUC) was used as measurement for 
the correction of physiological derangement during the first 
48 h. AUC defined as the whole area under the curve was an 
integrated measurement of changes of base deficit in time. 
Any peak whose height was less than 5% of the distance 
from minimum to maximum Y value was ignored.

Primary outcome was the evaluation of the relation 
between the timing of physiological derangement correction 
in the first 48 h and both early (3–6 days) and late (> 7 days) 
mortality.

Ethical approval

The local ethics committee approved this prospective obser-
vational study and waived consent (reference number WAG/
mb/16/026664).

Statistical analysis

Data were analyzed using IBM SPSS Statistics, version 26.0 
(Armonk, NY, USA). GraphPad Prism version 9.3.0 (San 
Diego, CA, USA) was used to calculate AUC and to prepare 
the graphs. Results are presented as medians with interquar-
tile range (IQR). Comparison of continuous variables was 
done using Kruskal–Wallis. Significant differences for cat-
egorical variables were calculated through Chi-square test 
or Fisher’s exact test depending on the size of the groups. 
Receiver-operator characteristic (ROC) curve was used to 
evaluate the performance of AUC in prediction of mortal-
ity. Variables with univariate statistical significance of less 
than 0.10 were included in a multivariate logistic regres-
sion analysis. These variables were analyzed with forward 
stepwise selection to identify independent risk factors for 
mortality and presented as odds ratios and 95% confidence 
intervals. Statistical significance was defined as P < 0.05.
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Results

Two hundred thirty-five severely injured patients (70% 
male) with a median age of 44 (28–58) years with deranged 
physiology who underwent urgent surgery (< 24 h) and were 
admitted to ICU were included. A flowchart of included 
patients is shown in Fig. 1. Ninety-one percent of injuries 
(n = 213) were caused by a blunt mechanism and median 
Injury Severity Score (ISS) was 33 (24–38) with most severe 
injuries located in the brain (AIS head 3 (0–4)) and chest 
(AIS chest 3 (2–4)). Physiology, resuscitation, and outcome 
data are presented in Table 1.

Thirty-eight (16%) patients died; twenty-seven (71%) of 
them died of TBI, 4 (11%) died of respiratory insufficiency, 
2 (5%) died of ischemia after entrapment of the body, 2 (5%) 
died of cardiac origin, 1 (3%) due to Multiple Organ Dys-
function Syndrome (MODS), 1 (3%) due to hypoxia, and 
1(3%) due to sepsis. Median time to death was 11 (6–17) 
days.

Outcome

Patients who died were older (68 vs. 39 years, p < 0.001) 
and more severely injured (ISS 38 vs. 30, P = 0.02), mainly 
to the brain and chest. On arrival in ED, they suffered 
from more severe respiratory acidosis (pH 7.26 vs. 7.30 
(p = 0.047), PaCO2 48 vs. 44 mmHg (p = 0.04), BD − 6.0 vs. 
− 4.0 mEq/L (p = 0.08)), and were more coagulopathic (Pro-
thrombin Time (PT) 14.8 vs. 14.2 s, p = 0.03). They received 
more crystalloids < 24 h (11.3 vs. 8.3 L, p = 0.003), but simi-
lar number of blood products < 24 h compared to patients 
who survived. Further, patients who later died developed 
more often MODS (42 vs 13%, p < 0.001), and stayed longer 
on the ventilator (9 vs. 6 days, p = 0.002, Table 1).

Additionally, no difference was shown between the sin-
gle base deficit measurements in ED, OR nor ICU between 
patients who later died and those who did not. However, 
patients who later died were more acidotic at 24 h and 48 h 
after arrival (Table 2). They had also a larger AUC (213 vs. 
111, p < 0.001) than patients who survived (Table 2). There 
was no difference in AUC between different causes of death. 
In Fig. 2 examples of base deficit in in time with calculated 
AUC (colored area) are shown. 

Area under the curve

Figure 3 shows the receiver-operator characteristic (ROC) 
curves of AUC in relation to mortality (AUC 0.74). When 
AUC > 150 was chosen as cut-off point sensitivity and speci-
ficity for mortality were respectively 74 and 38% (Table 3). 
Further, patients had a 4.7 times higher chance of dying 
compared to patients with an AUC < 150 (Odds Ratio 4.7 
(95% CI 2.1–10.1, p < 0.001)).

Multivariate analysis (included parameters were age, 
AIShead, crystalloids < 24 h, and AUC) showed that age, 
AIShead, crystalloids < 24 h, and AUC were independent 
predictors for mortality (Table 4).

Late mortality

There were 27 patients (71%) who died > 7 days after hos-
pital admission. There was no difference in cause of death 
between early (3–6 days) and late deaths (> 7 days, p = 0.38).

Analysis in this subgroup of patients revealed no differ-
ence in separate base deficit in ED, OR and ICU compared 

Total number of trauma 
pa�ents (age>15) admi�ed to 

hospital 2015-2021
n=7433

Pa�ents admi�ed to ICU, 
directly or via OR

n = 946

Isolated TBI* (including 
asphyxia�on, drowning, 

burns)
n = 504

polytrauma pa�ents admi�ed 
to ICU with surgery<24h

n = 281

Included pa�ents
n = 235

Deceased <48h
n = 16

No deranged physiology
n = 30

No urgent surgery
n = 161

Fig. 1   Flowchart of included patients. *Isolated traumatic brain 
injury (TBI) was defined as Abbreviated Injury Score (AIS) head > 3 
and AIS < 2 or less in other regions
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to surviving patients. Patients who later died had deeper 
base deficits at 24 h and 48 h. AUC was more than twice 
as large in patients who later died (231 vs. 111, p < 0.001). 
There was no difference in base deficit during any point 
in 48 h in patients who died early or late (supplemental 
Table S1). There was also no difference in AUC regarding 
cause of death. AUC was also an independent predictor for 
late mortality.

Damage control surgery

All patients had surgery within 24 h after arrival in hospital, 
167 patients (71%) had a second surgical procedure within 
48 h. Fifty-two percent (n = 121) of patients had their first 
surgical procedures performed in damage control setting. 
DCS patients had a deeper BD on arrival in ED, in OR, and 
on arrival in ICU than no-DCS patients. However, there was 

Table 1   Demographics of 
polytrauma population who 
survived and died

Data are expressed in median (IQR) or absolute numbers (%)
MOI mechanism of injury, ISS injury severity score, AIS abbreviated injury scale, ED emergency depart-
ment, SBP systolic blood pressure, Hb hemoglobin, PaC02 partial pressure of carbon dioxide in arterial 
blood, BD base deficit, PT prothrombin time, PRBC packed red blood cells, FFP fresh frozen plasma, PLT 
platelets, TXA tranexamic acid, ICU intensive care unit, LOS length of stay, H-LOS hospital length of stay, 
MODS multiple organ dysfunction syndrome, ARDS adult respiratory distress syndrome
*Statistically significant
a 1 unit of platelets contains 5 donors

Total population (n = 235) Survival (n = 197) Mortality (n = 38) P value

Age (years) 44 (28–58) 39 (26–56) 68 (40–73)  < 0.001*
Male gender 164 (70%) 135 (69%) 29 (76%) 0.34
Blunt MOI 213 (91%) 176 (89%) 37 (97%) 0.22
Prehospital intubation 91 (39%) 72 (37%) 19 (50%) 0.14
ISS 33 (24–38) 30 (24–38) 38 (27–43) 0.02*
AIS head 3 (0–4) 3 (0–4) 4 (2–5)  < 0.001*
AIS face 0 (0–1) 0 (0–1) 0 (0–2) 0.33
AIS chest 3 (2–4) 3 (2–4) 3 (2–4) 0.005*
AIS abdomen 2 (0–4) 2 (0–3) 2 (0–4) 0.09
AIS pelvis/extremities 2 (1–3) 2 (1–3) 2 (2–3) 0.28
AIS external 0 (0–1) 0 (0–1) 0 (0–1) 0.94
SBP_ED (mmHg) 114 (90–134) 114 (90–133) 116 (76–144) 0.97
SBP < 90 mmHg_ED 68 (29%) 53 (27%) 15 (40%) 0.12
Hb_ED (mmol/L) 7.8 (7.0–8.9) 7.8 (7.0–8.9) 7.8 (6.5–8.4) 0.37
pH_ED 7.30 (7.23–7.36) 7.30 (7.24–7.36) 7.26 (7.17–7.35) 0.047*
PaC02_ED (mmHg) 45 (40–52) 44 (39–52) 48 (42–55) 0.04*
BD _ED (mEq/L) − 4.0 (− 7.0–2.0) − 4.0 (− 7.0–2.0) − 6.0 (− 9.0–2.3) 0.08
PT_ED (sec) 14.2 (13.0–16.4) 14.2 (12.9–16.1) 14.8 (13.5–18.5) 0.03*
Temperature_ED (oC) 35.5 (34.5–36.4) 35.5 (34.6–36.4) 34.9 (33.9–35.6) 0.09
Resuscitation parameters
 Crystalloids < 24 h (L) 8.7 (6.7–11.4) 8.3 (6.7–10.9) 11.3 (8.0–13.3) 0.003*
 PRBC < 24 h (U) 4 (1–8) 4 (1–8) 4 (1–12) 0.42
 PRBC > 10 units < 24 h 46 (20) 36 (18) 10 (26) 0.27
 FFP < 24 h (U) 4 (0–9) 4 (0–9) 6 (0–14) 0.18
 PLT < 24 h (U)a 0 (0–2) 0 (0–1) 1 (0–3) 0.29
 TXA 191 (81%) 162 (82%) 29 (76%) 0.39

Outcome parameters
 Ventilator days 6 (3–11) 6 (2–11) 9 (5–15) 0.002*
 Ventilator free days 14 (7–21) 16 (10–22) 0 (0–1)  < 0.001*
 ICU LOS (days) 7 (3–14) 7 (3–14) 10 (5–15) 0.08
 H-LOS (days) 23 (14–34) 25 (17–35) 11 (6–17)  < 0.001*
 MODS 42 (18%) 26 (13%) 16 (42%)  < 0.001*
 ARDS 6 (3%) 5 (3%) 1 (3%) 1.0
 Infectious complications 114 (49%) 98 (50%) 16 (42%) 0.39
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no difference in BD anymore after 24 h and 48 h. There was 
no difference in AUC between DCS and no-DCS patients 
(Table 5). Additionally, there was no difference in mortal-
ity between patients who underwent DCS and patients who 
did not (12% (15/121) vs. 20% (23/114), p = 0.11), nor was 
there any difference in time of death; 73% (11/15) of DCS 
patients and 70% (16/23) of no-DCS patients died > 7 days 
after admission (p = 1.0).

Table 2   Separate base deficit (BD) measurements related to mortality

Data are expressed in median (IQR)
BD base deficit, ED emergency department, OR operation room, ICU 
intensive care unit, AUC​ area under the curve
*Statistically significant

Survival (n = 197) Mortality (n = 38) P value

BD_ED (mEq/L) − 4.0 (− 7.0–2.0) − 6.0 (− 9.0–2.3) 0.08
BD_OR (mEq/L) − 6.0 (− 8.0–3.0) − 7.0 (− 10.0–

4.0)
0.13

BD_ICU (mEq/L) − 4.6 (− 6.8–2.8) − 5.2 (− 9.2–3.5) 0.11
BD_24h(mEq/L) − 2.0 (− 4.3–0.1) − 4.9 (− 7.5–1.8)  < 0.001*
BD_48h (mEq/L) 0.0 (− 2.0–2.0) − 1.8 (− 4.8–0.6) 0.001*
AUC​ 111 (53–192) 213 (114–316)  < 0.001*

Pa�ent AUC Mortality

A 73 No

B 323 Yes

C 482 Yes 

D 46 no
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Fig. 2   Examples of base deficit in time and area under the curve (AUC-colored area) related to mortality
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Discussion

In this study, it was demonstrated that severely injured 
patients with deranged physiology on arrival in ED died 
less frequently, if they had a prompt restoration of physi-
ological derangement in the first 48 h after injury. This 
was both true for early and late deaths. The chance of 
dying increased four- to fivefold with a large AUC of base 
deficit in time.

There are only a few reported studies in which serial base 
deficits were measured in relation to mortality [12, 19]. In 
this study individual base deficit measurements did not differ 
between patients who later died and the ones who did not 
until 24 h after injury. This suggests that the time period in 
which physiology was restored, was even more important 
than the early individual base deficit measurements, making 
AUC an accurate tool for mortality since this includes the 
time period in which physiology was restored.

This study demonstrated that blood pressure was not a 
good predictor for identifying patients who are at risk of 

dying. This is in line with others who have shown that that 
baseline vital signs such as blood pressure had no correla-
tion with hypoperfusion (lactate and BD), and mortality 
[7–10]. In literature, there are several reports on the pre-
dictive value of lactate [24–27] and base deficit [11–19] 
as predictor for mortality. There are also a few studies in 

Fig. 3   Receiver-operator characteristic (ROC) curve of all included 
patients

Table 3   Area under the curve (AUC) cut-off 150 related to mortality

Data are expressed in absolute numbers

Survival (n = 197) Mortality (n = 38) Total

AUC < 150 74 10 84
AUC > 150 123 28 151
Total 197 38 235

Table 4   Multivariate analysis: mortality

a Variable entered on step 1: AUC​
b Variable entered on step 2: Age
c Variable entered on step 3: AIShead
d Variable entered on step 4: crystalloids < 24 h
95% CI confidence interval, ISS injury severity score, AUC​ area 
under the curve

Variable β-Coefficient P value Odds ratio 95% C.I

Step 1a Lower Upper

AUC​ 0.009 0.000 1.009 1.005 1.012
Constant − 3.164 0.000 0.042
Step 2b

 Age 0.046 0.000 1.047 1.023 1.071
 AUC​ 0.008 0.000 1.008 1.005 1.012
 Constant − 5.424 0.000 0.004

Step 3c

 Age 0.048 0.000 1.050 1.025 1.074
 AUC​ 0.009 0.000 1.009 1.005 1.013
 AIShead 0.341 0.008 1.406 1.095 1.806
 Constant − 6.594 0.000 0.001

Step 4d

 Age 0.052 0.000 1.053 1.028 1.079
 AIShead 0.345 0.008 1.412 1.096 1.818
 Crystal-

loids < 24 h
0.000 0.048 1.000 1.000 1.000

 AUC​ 0.007 0.001 1.007 1.003 1.011
 Constant − 7.706 0.000 0.000

Table 5   separate base deficit (BD) measurements related to patients 
who had DCS and patients who had no DCS

Data are expressed in median (IQR)
BD base deficit, DCS damage control surgery, ED emergency depart-
ment, OR operation room, ICU intensive care unit, AUC area under 
the curve
*Statistically significant

DCS (n = 121) No-DCS (n = 114) P value

BD_ED (mEq/L) − 5.0 (− 9.0–3.0) − 3.0 (− 5.0–1.0)  < 0.001*
BD_OR (mEq/L) − 7.0 (− 12.0–

4.0)
− 4.6 (− 7.0–2.0)  < 0.001*

BD_ICU (mEq/L) − 5.0 (− 7.4–3.4) − 4.1 (− 6.6–2.6) 0.03*
BD_24h (mEq/L) −2.2 (− 5.4–0 .0) – 2.4 (− 5.0–0.8) 0.43
BD_48h (mEq/L) 0.0 (− 2.0–1.9) − 0.2 (− 2.8–1.8) 0.34
AUC​ 135 (59–211) 123 (58–202) 0.85
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which serum lactate and base deficit were compared [17, 
26, 27]. Some studies [26, 27] found that lactate was a bet-
ter predictor for death while others showed that, although 
admission BD and lactate levels are correlated following 
injury, BD was superior to lactate in identifying shock, 
need for resuscitation and mortality in polytrauma [11]. 
In this study, BD was chosen as marker for acidosis since 
BD was routinely measured in ED, OR, and ICU whereas 
serum lactate was only measured occasionally. Interest-
ingly, in this study individual base deficit measurements 
did not differ between patients who later died and the ones 
who did not until 24 h after injury. One could argue that 
this could be influenced by the fact that more than half 
the patients underwent DCS. Even though DCS patients 
were physiologically more deranged in the early hours 
after injury, there was no difference in BD anymore after 
24 h. There was also no difference in mortality and time of 
death between patients who underwent DCS and patients 
who did not. This suggests that the indication for damage 
control surgery was adequate, and is in line with results 
from a previous study from our institution [28].

The vast majority of patients in this study died of TBI. 
This is in line with our previous reports and a global review 
on mortality rates [1–6]. This large portion of TBI-related 
deaths is also partially caused by the inclusion criteria since 
patients who died within 48 h after injury were excluded, 
thereby excluding death by exsanguination. However, in a 
previous study in which all in-hospital deaths were included, 
only a small proportion of our severely injured patients 
(< 5%) died of hemorrhage [1].

In this study, severely injured patients who had urgent 
surgery < 24 h (52% of the first surgical procedures were 
performed in damage control setting) were included in order 
to select the most physiologically deranged patients. The 
group of (sub)acute (< 48 h) deaths was excluded since it has 
been long known that base deficit in early phase after injury 
is related to early mortality [12, 14, 17]. Less is known about 
the influence of timely physiology restoration on late deaths 
in severely injured, especially when TBI is the main cause of 
death. In this study, it was demonstrated that early restora-
tion of physiology in polytrauma patients is also important 
for deaths due to TBI later during hospital stay.

In this study, age was an independent predictor for mor-
tality. This could be expected since elderly patients have 
less physiological reserve and are more likely to be coagu-
lopathic based on the medication they frequently use. Oth-
ers have described the influence of age on mortality as well 
[29–31]. Further, patients who later died were more severely 
injured to the brain and chest, and had a more severe respira-
tory acidosis on arrival in ED even though there was no dif-
ference in prehospital intubation rate. This leaves room for 
improvement in controlling respiratory acidosis early after 

injury especially in a patient population in which TBI is the 
main cause of death.

The amount of crystalloids was large in both groups, 
although it should be taken into account that this included 
all crystalloids that were administered within 24 h, including 
those prehospitally, in ED, ICU and during surgical proce-
dures. Deceased patients received more crystalloids < 24 h 
than patients who survived. One could argue that patients 
who received more crystalloids < 24 h had a deeper meta-
bolic acidosis (causing a larger AUC) at 24 h because of the 
administered crystalloids, and would, therefore, die more 
often. This is confirmed by the fact that crystalloids < 24 h 
were an independent predictor for mortality. Additionally, 
we have demonstrated in a previous study that large amounts 
of crystalloids are known to attribute to increased mortality 
[32]. Crystalloid administration < 24 h does not fully explain 
the differences in AUC between surviving and deceased 
patients since AUC was measured until base deficit nor-
malization or up to 48 h, and BD was again within normal 
limits < 48 h in both groups.

To our knowledge, this is the first study in which the time 
of physiological restoration based on serial BD measure-
ments in the first 48 h in severely injured patients could 
be related to mortality at least a week later. Based on data 
from this study, the risk of dying during hospital stay could 
be estimated a median of 9 days prior to the actual time of 
death, leaving an opportunity for death prevention. Future 
studies should focus on strategies to early (< 48 h) normali-
zation of physiology; an effort should be made to control aci-
dosis, including respiratory acidosis by controlling PaCO2, 
in the early days after injury and limit the amount of crys-
talloid resuscitation. There should be an extra emphasis on 
preventing secondary damage to the brain since TBI was the 
main cause of death.

A few limitations need to be acknowledged: first, this was 
a retrospective analysis of a single-center prospective cohort 
study with its accompanying limits. Further, treating clini-
cians were also the researchers. Additionally, base deficit 
measurements were not corrected for ethanol levels. Another 
limitation is that no details on comorbidities nor medication 
were collected.

In conclusion, in this study timing and duration of physi-
ological correction in the first 48 h was associated with both 
early and late mortality. This highlights the importance of 
aggressive correction of physiological derangement, which 
could possibly attribute to a further attenuation of mortal-
ity in a population of severely injured patients whose main 
cause of death was TBI.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00068-​022-​02174-9.

Acknowledgements  None.

https://doi.org/10.1007/s00068-022-02174-9


128	 K. J. P. van Wessem et al.

1 3

Author contributions  KW and LL: have contributed to the concep-
tion and design of the study. KW and LL: have performed acquisition 
of data. KW: has done the analysis and interpretation of data. KW 
and FH: have drafted the article. FH and LL: have revised it critically 
for important intellectual content. KW, LL, and FH: have given final 
approval of the version to be submitted.

Funding  No funds were received in connection to the presented study.

Data availability  The dataset supporting the conclusions of this article 
are available upon reasonable request from the corresponding author.

Declarations 

Conflict of interest  All authors declare that they have no conflict of 
interest.

Ethical approval and consent to participate  The local ethics commit-
tee approved this prospective observational study (reference number 
WAG/mb/16/026664).

Consent for publication  Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Jochems D, Leenen LPH, Hietbrink F, Houwert RM, van Wes-
sem KJP. Increased reduction in exsanguination rates leaves brain 
injury as the only major cause of death in blunt trauma. Injury. 
2018;49(9):1661–7.

	 2.	 Niemeyer M, Jochems D, Houwert RM, van Es MA, Leenen L, 
van Wessem K. Mortality in polytrauma patients with moderate to 
severe TBI on par with isolated TBI patients: TBI as last frontier 
in polytrauma patients. Injury. 2022;53(4):1443–8.

	 3.	 van Breugel JMM, Niemeyer MJS, Houwert RM, Groenwold 
RHH, Leenen LPH, van Wessem KJP. Global changes in mortal-
ity rates in polytrauma patients admitted to the ICU-a systematic 
review. World J Emerg Surg. 2020;15(1):55. https://​doi.​org/​10.​
1186/​s13017-​020-​00330-3.​PMID:​32998​744;​PMCID:​PMC75​
26208.

	 4.	 El Mestoui Z, Jalalzadeh H, Giannakopoulos GF, Zuidema WP. 
Incidence and etiology of mortality in polytrauma patients in a 
Dutch level I trauma center. Eur J Emerg Med. 2017;24(1):49–54.

	 5.	 Hietbrink F, Houwert RM, van Wessem KJP, Simmermacher RKJ, 
Govaert GAM, de Jong MB, de Bruin IGJ, de Graaf J, Leenen 
LPH. The evolution of trauma care in the Netherlands over 20 
years. Eur J Trauma Emerg Surg. 2020;46(2):329–35.

	 6.	 Roberts DJ, Harzan C, Kirkpatrick AW, Dixon E, Grondin SC, 
McBeth PB, Kaplan GG, Ball CG. One thousand consecutive 
in-hospital deaths following severe injury: has the etiology 

of traumatic inpatient death changed in Canada? Can J Surg. 
2018;61(3):150–2.

	 7.	 Caputo N, Fraser R, Paliga A, Kanter M, Hosford K, Madlinger 
R. Triage vital signs do not correlate with serum lactate or base 
deficit, and are less predictive of operative intervention in pen-
etrating trauma patients: a prospective cohort study. Emerg Med 
J. 2013;30(7):546–50.

	 8.	 Paladino L, Sinert R, Wallace D, Anderson T, Yadav K, Zehtabchi 
S. The utility of base deficit and arterial lactate in differentiat-
ing major from minor injury in trauma patients with normal vital 
signs. Resuscitation. 2008;77(3):363–8.

	 9.	 Vandromme MJ, Griffin RL, Weinberg JA, Rue LW 3rd, Kerby 
JD. Lactate is a better predictor than systolic blood pressure 
for determining blood requirement and mortality: could pre-
hospital measures improve trauma triage? J Am Coll Surg. 
2010;210(5):861–7 (867-9).

	10.	 Guyette FX, Meier EN, Newgard C, McKnight B, Daya M, 
Bulger EM, Powell JL, Brasel KJ, Kerby JD, Egan D, Sise M, 
Coimbra R, Fabian TC, Hoyt DB, ROC Investigators. A com-
parison of prehospital lactate and systolic blood pressure for 
predicting the need for resuscitative care in trauma transported 
by ground. J Trauma Acute Care Surg. 2015;78(3):600–6.

	11.	 Davis JW, Sue LP, Dirks RC, Kaups KL, Kwok AM, Wolfe MM, 
Lilienstein JT, Bilello JF. Admission base deficit is superior to 
lactate in identifying shock and resuscitative needs in trauma 
patients. Am J Surg. 2020;220(6):1480–4.

	12.	 Abt R, Lustenberger T, Stover JF, Benninger E, Lenzlinger PM, 
Stocker R, Keel M. Base excess determined within one hour 
of admission predicts mortality in patients with severe pelvic 
fractures and severe hemorrhagic shock. Eur J Trauma Emerg 
Surg. 2009;35(5):429. https://​doi.​org/​10.​1007/​s00068-​009-​
8245-7 (Epub 2009 Jun 19. PMID: 26815208).

	13.	 Frischknecht A, Lustenberger T, Bukur M, Turina M, Bil-
leter A, Mica L, Keel M. Damage control in severely injured 
trauma patients - A ten-year experience. J Emerg Trauma Shock. 
2011;4(4):450–4.

	14.	 Ibrahim I, Chor WP, Chue KM, Tan CS, Tan HL, Siddiqui 
FJ, Hartman M. Is arterial base deficit still a useful prognos-
tic marker in trauma? A systematic review. Am J Emerg Med. 
2016;34(3):626–35.

	15.	 Hodgman EI, Morse BC, Dente CJ, Mina MJ, Shaz BH, Nicho-
las JM, Wyrzykowski AD, Salomone JP, Rozycki GS, Feliciano 
DV. Base deficit as a marker of survival after traumatic injury: 
consistent across changing patient populations and resuscitation 
paradigms. J Trauma Acute Care Surg. 2012;72(4):844–51.

	16.	 Davis JW, Parks SN, Kaups KL, Gladen HE, O’Donnell-Nicol 
S. Admission base deficit predicts transfusion requirements and 
risk of complications. J Trauma. 1996;41(5):769–74.

	17.	 Ouellet JF, Roberts DJ, Tiruta C, Kirkpatrick AW, Mercado 
M, Trottier V, Dixon E, Feliciano DV, Ball CG. Admission 
base deficit and lactate levels in Canadian patients with blunt 
trauma: are they useful markers of mortality? J Trauma Acute 
Care Surg. 2012;72(6):1532–5.

	18.	 Mutschler M, Nienaber U, Brockamp T, Wafaisade A, Fabian 
T, Paffrath T, Bouillon B, Maegele M, TraumaRegister DGU. 
Renaissance of base deficit for the initial assessment of trauma 
patients: a base deficit-based classification for hypovolemic 
shock developed on data from 16,305 patients derived from the 
TraumaRegister DGU®. Crit Care. 2013;17(2):R42. https://​doi.​
org/​10.​1186/​cc125​55.​PMID:​23497​602;​PMCID:​PMC36​72480.

	19.	 Sauaia A, Moore FA, Moore EE. Early predictors of postinjury 
multiple organ failure. Arch Surg. 1994;129:39–45.

	20.	 Gunning AC, Lansink KWW, van Wessem KJP, Balogh ZJ, 
Rivara FP, Maier RV, Leenen LPH. Demographic patterns and 
outcomes of patients in level-1 trauma centers in three interna-
tional trauma systems. World J Surg. 2015;39(11):2677–84.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13017-020-00330-3.PMID:32998744;PMCID:PMC7526208
https://doi.org/10.1186/s13017-020-00330-3.PMID:32998744;PMCID:PMC7526208
https://doi.org/10.1186/s13017-020-00330-3.PMID:32998744;PMCID:PMC7526208
https://doi.org/10.1007/s00068-009-8245-7
https://doi.org/10.1007/s00068-009-8245-7
https://doi.org/10.1186/cc12555.PMID:23497602;PMCID:PMC3672480
https://doi.org/10.1186/cc12555.PMID:23497602;PMCID:PMC3672480


129Early correction of base deficit decreases late mortality in polytrauma﻿	

1 3

	21.	 Dewar DC, Tarrant SM, King KL, Balogh ZJ. Changes in the 
epidemiology and prediction of multiple-organ failure after 
injury. J Trauma Acute Care Surg. 2013;74(3):774–9.

	22.	 Dewar DC, White A, Attia J, Tarrant SM, King KL, Balogh 
ZJ. Comparison of postinjury multiple-organ failure scoring 
systems: denver versus sequential organ failure assessment. J 
Trauma Acute Care Surg. 2014;77:624–9.

	23.	 Ranieri VM, Rubenfeld GD, Thompson BT, et al. ARDS defini-
tion task force acute respiratory distress syndrome: the Berlin 
definition. JAMA. 2012;307(23):2526–33.

	24.	 Dezman Z, Comer A, Smith G. Failure to clear elevated lactate 
predicts 24-hour mortality in trauma patients. J Trauma Acute 
Care Surg. 2015;79:580–5.

	25.	 Martín-Rodríguez F, López-Izquierdo R, Castro Villamor MA, 
Mangas IM, Del Brío IP, Delgado Benito JF, et al. Prognostic 
value of lactate in prehospital care as a predictor of early mortal-
ity. Am J Emerg Med. 2019;37:1627–32.

	26.	 Raux M, Le Manach Y, Gauss T, Baumgarten R, Hamada S, Har-
rois A, Riou B, Duranteau J, Langeron O, Mantz J, Paugam-Burtz 
C, Vigue B, TRAUMABASE Group. Comparison of the prognos-
tic significance of initial blood lactate and base deficit in trauma 
patients. Anesthesiology. 2017;126(3):522–33.

	27.	 Gale SC, Kocik JF, Creath R, Crystal JS, Dombrovskiy VY. 
A comparison of initial lactate and initial base deficit as 

predictors of mortality after severe blunt trauma. J Surg Res. 
2016;205(2):446–55.

	28.	 van Wessem KJP, Leenen LPH, Hietbrink F. Physiology dictated 
treatment after severe trauma: timing is everything. Eur J Trauma 
Emerg Surg. 2022;48(5):3969–79. https://​doi.​org/​10.​1007/​
s00068-​022-​01916-z.

	29.	 Hashmi A, Ibrahim-Zada I, Rhee P, Aziz H, Fain MJ, Friese RS, 
Joseph B. Predictors of mortality in geriatric trauma patients: a 
systematic review and meta-analysis. J Trauma Acute Care Surg. 
2014;76(3):894–901.

	30.	 Hagebusch P, Faul P, Ruckes C, Störmann P, Marzi I, Hoffmann 
R, Schweigkofler U, Gramlich Y. The predictive value of serum 
lactate to forecast injury severity in trauma-patients increases tak-
ing age into account. Eur J Trauma Emerg Surg. 2022. https://​doi.​
org/​10.​1007/​s00068-​022-​02046-2 (Epub ahead of print. PMID: 
35852548).

	31.	 van Wessem KJP, Leenen LPH. Geriatric polytrauma patients 
should not be excluded from aggressive injury treatment based 
on age alone. Eur J Trauma Emerg Surg. 2022;48(1):357–65.

	32.	 van Wessem K, Hietbrink F, Leenen L. Dilemma of crystal-
loid resuscitation in non-exsanguinating polytrauma: what is 
too much? Trauma Surg Acute Care Open. 2020;5(1): e000593. 
https://​doi.​org/​10.​1136/​tsaco-​2020-​000593 (PMID:33178897;P
MCID:PMC7594544).

https://doi.org/10.1007/s00068-022-01916-z
https://doi.org/10.1007/s00068-022-01916-z
https://doi.org/10.1007/s00068-022-02046-2
https://doi.org/10.1007/s00068-022-02046-2
https://doi.org/10.1136/tsaco-2020-000593

	Early correction of base deficit decreases late mortality in polytrauma
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Ethical approval
	Statistical analysis

	Results
	Outcome
	Area under the curve
	Late mortality
	Damage control surgery

	Discussion
	Acknowledgements 
	References




