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Abstract

Background—Inhalation injury, which is among the causes of acute lung injury and acute
respiratory distress syndrome (ARDS), continues to represent a significant source of mortality in
burned patients. Inhalation injury often requires mechanical ventilation, but the ideal tidal volume
strategy is not clearly defined in burned pediatric patients. The aim of the present study is to
determine the effects of low and high tidal volume on the number of ventilator days, ventilation
pressures, and incidence of atelectasis, pneumonia and ARDS in pediatric burned patients with
inhalation injury within one year post burn injury.

Methods—From 1986-2014, inhalation injury was diagnosed by bronchoscopy in pediatric
burned patients (n=932). Patients were divided into three groups: (1) unventilated (n=241), (2)
high tidal volume (HTV, 15 + 3 ml/kg, n=190), and (3) low tidal volume (LTV, 9 £ 3 ml/kg, n =
501).

Results—HTYV was associated with significantly decreased ventilator days (p<0.005) and
maximum positive end expiratory pressure (p<0.0001) and significantly increased maximum peak
inspiratory pressure (p<0.02) and plateau pressure (p<0.02) compared to patients with LTV. The
incidence of atelectasis (p<0.0001) and ARDS (p<0.02) was significantly decreased with HTV
compared to LTV. However, the incidence of pneumothorax was significantly increased in the
HTV group compared with LTV (p<0.03).
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Conclusions—HTYV significantly decreases ventilator days and the incidence of both atelectasis
and ARDS compared to low tidal volume in pediatric burned patients with inhalation injury. Thus,
the use of HTV may interrupt sequences leading to lung injury in our patient population.
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Mechanical ventilation; inhalation injury; burns; positive expiratory end pressure; peak inspiratory
pressure; plateau pressure

INTRODUCTION

Approximately 1.25 million individuals in the United States suffer from thermal injury,
which results in 3,400 deaths each year.1 Approximately 23,000 of these burned patients
suffer concomitant injury from smoke inhalation. Despite advances in critical care and
wound management, inhalation injury remains a major source to mortality and morbidity in
burn patients.2 3 A recent ten-year review from the National Burn Repository documents
that mortality was greater for burned patients with inhalation injury (27.3%) than those
without inhalation injury (4.5%). Additionally, the incidence of inhalation injury along with
pneumonia increased the probability of death by 60% in burned patients.*

Inhalation injury is associated with the formation of casts in the airway and the reduction of
surfactant in the alveoli.> 6 The pathophysiology of inhalation injury may also cause
decreased pulmonary compliance and increased airway resistance, which often necessitates
mechanical ventilation. Often, severe inhalation injury results in acute lung injury (ALI),
which frequently develops into ARDS in burned patients.” ARDS is associated with protein-
rich pulmonary edema, which reflects injury of the lung endothelium and epithelium and
impairs carbon dioxide release.® The clinical definition of ARDS according to the 1994
American-European Consensus Conference includes acute onset, bilateral lung infiltrates by
radiography, and a partial pressure of oxygen to fraction inspired of oxygen ratio
(Pa0,:FiO,) of less than 200 mmHg.8 In 2012, the ARDS Definition Task Force revamped
the definition to the “Berlin Definition, which classified ARDS solely based on the
Pa0,:FiO,. Mild ARDS was classified by a PaO,:FiO, of between 200-300 mmHg, while
moderate ARDS was classified by a PaO,:FiO, of 100-200 mmHg and severe ARDS was
classified by a PaO,:FiO, of less than 100 mmHg.°

Burned patients with inhalation injury often require mechanical ventilation support.
Traditionally, high tidal volume ventilation (HTV) was used in the burned pediatric
population at the Shriners Hospitals for Children-Galveston from 1986 to 1996 to improve
oxygenation and to achieve normal values for partial pressure of arterial carbon dioxide and
for pH. However, the ARDS Network Study then showed that low tidal volume ventilation
(LTV) decreased mortality in non-burned patients with acute respiratory distress syndrome
(ARDS).10 Additionally, HTV was shown to cause over distended alveoli, alveolar capillary
membrane disruption, and increased inflammation in non-burned patients.1! The outcome
studies of patients treated with HTV identified residual pulmonary abnormalities,'2 and the
standard of care at SHC was then modified to a LTV protocol for ventilated patients from
1997 to 2014.
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The optimal ventilation strategy for patients with burns and inhalation injury is not well
defined.13 The ARDS Network Study has shown a significant decrease in mortality when
low tidal volumes are used for the treatment of ARDS. However, these studies excluded
pediatric patients, as well as patients with greater than 30% total burned surface area
(TBSA), and whether the results hold true for patients of inhalation injury and burned
patients has yet to be determined in a large scale study. We hypothesize that LTV compared
to HTV in burned pediatric patients with inhalation injury will improve pulmonary
outcomes, including decreased ventilator days and decreased incidence of ARDS and
atelectasis. Our study compared three groups of burned pediatric patients (Unventilated,
HTV, LTV) with inhalation injury that were admitted to the Shriners Hospital for Children-
Galveston from 1986-2014.

METHODS

Patient demographics and injury characteristics

Inclusion criteria for the study were as follows: (1) 0 —18 years of age at the time of the
admission, (2) diagnosis with inhalation injury, and (3) the need for ventilation (Fig. 1).
Patient age, gender, ethnicity, TBSA, and third-degree TBSA were recorded at the time of
admission. Age-appropriate diagrams were used to determine burn size.1* Approval was
obtained by the Institutional Review Board from the University of Texas Medical Branch for
our retrospective study.

Inhalation Injury Diagnosis

Inhalation injury was confirmed by bronchoscopy in all patients. Findings included soot
deposits, erythema, edema, mucosal blisters and erosion, and hemorrhage.

Atelectasis and ARDS Diagnosis

Atelectasis was determined by radiological interpretation of the chest x-ray. ARDS was also
diagnosed by the radiological interpretation of the chest x-ray, as well as a PaO,:FiO, ratio
of less than 200 mm Hg.

Pneumonia Diagnosis

Pneumonia was defined using the criteria set by the National Trauma Data Bank: (1)
presence of fever, which was defined as <96.8 F or >102.2 F, (2) leukocytosis, which was
defined by a white blood cell count of >12, (3) Gram stain of sputum with a predominant
organism and moderate to many white blood cells, (4) chest radiograph with a pneumonic
infiltrate, and (5) culture of sputum demonstrating a pathogen.

Statistical Analysis

Multiple linear regression was used to model the relation of ventilator days, maximum
positive end-expiratory pressures (PEEP) and peak inspiratory pressures (PIP), plateau
pressure, and admission nadir PaO, and PaO,/FiO, ratio as functions of age, TBSA,
treatment group (nonventilated, LTV, or HTV), and death. Age was square root transformed
to better approximate a normal distribution. The outcome variables of ventilator days and
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maximum PEEP exhibited count or count-like distributions, so a negative binomial
generalized linear model with a log link was used to model ventilator days and maximum
PEEP, accounting for overdispersion in the Poisson model. Maximum PIP, plateau pressure,
and admission nadir PaO, were all log transformed to better approximate a normal
distribution and modeled with a standard linear model. The binary outcome variables for
pneumonia, atelectasis and ARDS were modeled by multiple logistic regression. Resulting
regression parameter estimates and standard errors were reverse transformed and presented
as adjusted means, factors, or odds ratios with confidence intervals and p-values. The Berlin
ARDS classification was modeled by ordinal logistic regression assuming equidistant
intervals.1> The survival analysis compared LTV with HTV using the Peto & Peto
modification of the Gehan-Wilcoxon test,16 with Kaplan-Meier survival curves. All
statistical testing assumed a 95% level of confidence, and all analyses were performed using
R statistical software.1’

Table 1 indicates the demographic information from our burned patient population with
inhalation injury. Non-ventilated patients did not receive any type of ventilation (‘Non-
Ventilated’, n=241), while patients who received a tidal volume of 15 + 3 ml/kg were
classified into the ‘HTV’ group (n=190) and patients who received a tidal volume of 9 + 3
ml/kg were classified into the ‘LTV’ group (n=501). There were no significant differences
among the three groups in our study in gender (p<0.15), and there was a significant different
in ethnicities (p=0.0035). The length of hospital stay between the HTV and LTV groups was
not significant (p=0.42).

Regression results for each outcome variable are summarized in Tables 2-5. Each table
shows the factor, odds ratio, or adjusted mean associated with each predictor variable
(treatment group, TBSA, age) on the pulmonary outcome variables. The tables include
corresponding 95% confidence intervals and p-values, where appropriate.

High and low tidal volume

Burned patients with HTV had a significantly decreased number of ventilator days
compared to patients with LTV (p=0.004, Table 2). Belonging to the HTV treatment group
as opposed to the LTV group was associated with a 27% decrease in ventilator days, with a
95% confidence interval (CI) spanning 13 to 38. Surviving patients with HTV also had a
decreased number of ventilator days compared to surviving patients with LTV (p=0.0003),
with a Cl spanning 58 to 85.

Burned patients with HTV had a significantly decreased maximum PEEP (p<0.0001, Table
2), significantly increased PIP (p=0.0119, Table 2), and significantly increased plateau
pressure (p=0.0106, Table 2) compared to patients with LTV. Belonging to the HTV
treatment group as opposed to the LTV group was associated with a 32% decrease in max
PEEP, with a Cl spanning 27 to 36. Belonging to the HTV treatment group as opposed to the
LTV group was associated with a 7% increase in maximum PIP, with a Cl spanning 2 to 13.
Additionally, belonging to the HTV treatment group as opposed to the LTV group was
associated with a 7% increase in plateau pressure, with a Cl spanning 2 to 13.
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Burned patients with HTV had a significantly decreased incidence of atelectasis (p<0.0001,
Table 2) compared to patients with LTV. Being a member of the HTV group as opposed to
the LTV group reduced the odds of atelectasis by 56% (CI from 37 to 70). Also, burned
patients with HTV showed a significantly lower incidence of ARDS (p=0.0115, Table 2)
compared to patients with LTV using the American-European Consensus Conference
definition8 and the Berlin definition (p<0.0001, CI 12 to 24).18 The incidence of
pneumothorax also significantly increased in the HTV group compared to the LTV group
(p=0.0268, Table 2).

Survivors and non-survivors

Table 3 indicates the demographic information between survivors and non-survivors with
both HTV and LTV. Figure 2 shows a Kaplan-Meier survival curve comparing the LTV and
HTV groups; the log-rank test failed to show evidence of a significant difference in
mortality between HTV and LTV (p=0.10). The median time to death for the HTV group
was 163 days post burn (Cl ranged upwards from 124 days), while the median time to death
for the LTV was 252 days post burn (CI ranged upwards from 196 days). Among ventilated
patients, mortality was approximately 22% for those ventilated with HTV, as compared with
15% for those ventilated with LTV.

There were significant relationship between ventilator days and death (p=0.0137, Table 4).
Patients who died had a 30% increase in ventilator days compared to those who survived.
Maximum PEEP was also significantly related to death (p<0.0001, Table 4). Patients who
died had a 53% increase in maximum PEEP compared to patients who survived. There were
significant relationships with maximum PIP due to death (p<0.0001, Table 4). Patients who
died had a 51% increase in maximum PIP compared to patients who survived. Additionally,
there were significant relations with plateau pressure due to death (p<0.0001, Table 4).
Patients who died had a 50% increase in plateau pressure compared to those who survived.

Patients who died had nearly 6 times the odds of pneumonia as those who survived
(p<0.0001, Table 4). The nadir PaO,/FiO, ratio was significantly related to death (p<0.0003,
Table 4). Patients who died showed a mean 50 unit decrease in this ratio as compared to
those who survived. Atelectasis was shown to be not significantly related to death
(p=0.4904, Table 4), while ARDS was significantly related to death (p<0.0001, Table 4).
Death increased the odds of developing ARDS by a factor of 10. The incidence of
pneumothorax also significantly increased in the non-survivor group compared to survivors
(p=0.0052, Table 4).

The histopathology of non-surviving patients with barotrauma includes the presence of chest
tubes, bubbles in the mediastinum, pulmonary interstitial and soft tissue emphysema, and the
presence of crepitants. All autopsies were performed by two independent pathologists.
Among the non-surviving patients treated with HTV, 66% exhibited no histopathology
associated with barotrauma, while 34% showed chest tubes and less than 1% showed
bubbles in the mediastinum and emphysema. On the other hand, among the non-surviving
patients treated with LTV, 60% exhibited no histopathology associated with barotrauma,
while 30% showed chest tubes, 19% showed bubbles in the mediastinum, and less than 1%
showed emphysema.
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Non-ventilated patients

Patients in the non-ventilated group as opposed to the LTV group had 1/5 odds of
pneumonia, (p<0.0001, Table 5). Additionally, atelectasis was shown to be significantly
related to treatment group (p<0.0001, Table 5). Being a member of the non-ventilated group
as opposed to the LTV group reduced the odds of atelectasis by a factor of 0.1 (CI from 0.06
to 0.17); alternately, being in the LTV group as opposed to the non-ventilated group
increased the odds by a factor of 10.

DISCUSSION

High tidal volumes were used from 1986 to 1996 in our study. The volume is considered
more aggressive, but clinical outcomes were significantly improved in our patients (Table
2). HTV may be necessary in the burned pediatric population to improve oxygenation and
ventilation. Our results show that burned pediatric patients with inhalation injury that are
ventilated with HTV have a significantly decreased number of days on the ventilator and a
significantly decreased incidence of both atelectasis and ARDS (Table 2). Also, in non-
surviving patients, we demonstrated a significant increase in days alive using HTV
compared to LTV (Figure 2). Our findings correlate with the randomized prospective trial of
Maslow et al, who showed that HTV (10 mL/kg) caused a significantly lower alveolar dead
space ratio and a significantly higher dynamic pulmonary compliance compared to LTV (5
mL/kg) in patients with elective pulmonary resection requiring single-lung ventilation.1®
The use of HTV also showed no increase in morbidity and was associated with less
hypercarbia and postoperative atelectasis.1® In a 2014 systematic review and meta-analysis
of observational studies in mechanically ventilated PICU patients (n=1,756), there was no
association between mortality and tidal volumes regardless of the presence of ARDS/ALI.20
Additionally, Zick et al showed that high tidal volumes (10 mL/kg) increased regional
respiratory system compliance in an porcine model of ALI.2! Sly et al showed that HTV (21
mL/kg) did not exacerbate lung injury induced by acid in infant rats compared to LTV (7
mL/kg), and tissue elastance and airway resistance were less deteriorated.22 There was no
difference in histological lung scores and the concentration of IL-6 in bronchoalveolar
lavage fluid between HTV and LTV in the rats.

Traditionally, high tidal volumes of 10 to 15 mL/kg were used to ventilate patients with lung
dysfunction. In 1974, Webb and Tierney first explored the possibility of ventilator-
associated lung injury after high tidal volume administration by showing an increase in
pulmonary edema.23 Currently, lower tidal volumes (6-8 ml/kg) are used because they may
not excessively distend or stretch the lung compared to high tidal volumes. The ARDS
Network showed that lower tidal volumes (6 mL/kg of predicted body weight) decreased
mortality by 22% and decreased the number of ventilator days in patients with ALI and
ARDS compared to high tidal volume (12 mL/kg of predicted body weight).19 However, the
exclusion criteria listed patients younger than 16 years old and patients with over 30%
TBSA. In 2006, Villar et al showed that a higher PEEP and LTV improved mortality and
decreased ventilator days in 103 patients with ARDS.24 Their exclusion criteria included
patients younger than 15 years, as well as patients with a high risk of mortality within 3
months for reasons other than ARDS such as having more than two extrapulmonary organ
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failures or having severe neurological damage. In 2006, Wheeler et al showed that lower
tidal volume ventilation reduced mortality of patients with ALI from 40% to 25%, but
exclusion criteria included the presence of ALI for more than 48 hours as well as having
irreversible conditions for which the estimated six-month mortality rate exceeded 50%.2°
Additionally, in 1998 Amato et al showed that lower tidal volumes (6 mL/kg) decreased
mortality and resulted in a higher rate of weaning from the mechanical ventilator and a
lower rate of barotrauma in 53 ARDS patients after 28 days compared to higher tidal
volumes (12 mL/kg).26 Their exclusion criteria listed patients less than 14 years and
mechanical ventilation for more than one week.

The most effective volume for mechanical ventilation in patients diagnosed with ARDS has
been controversial. Phase Il and 111 clinical trials have evaluated pharmacological therapies
such as inhaled vasodilators, antioxidants, fluid and hemodynamic management, surfactant
therapy, glucocorticoids and other anti-inflammatory agents for the treatment of ALI and
ARDS.2” However, none of these treatments have been significantly effective.28 There are
numerous inflammatory molecules released into an alveolus during the acute phase of
ARDS, including neutrophils, cytokines, interleukins-1, -6, -8, and -10, and macrophages.2®
Additionally, alveolar and bronchial epithelial cells are sloughed and protein-rich hyaline
membranes are formed along the basement membrane of the alveoli.2® There were no
significant differences in net fluid balances between the HTV and LTV groups (p=0.17), and
our findings show that the incidence of ARDS significantly decreases with HTV (Table 2).
We showed this decrease using both the American-European Consensus Conference
Definition and the Berlin Definition.® The longer inspiration time associated with HTV may
open collapsed lung units, which may improve ventilation and gas exchange.

Figure 2 shows a Kaplan-Meier survival curve comparing the LTV and HTV groups.
Among ventilated patients, mortality was approximately 22% for those ventilated with HTV,
as compared with 15% for those ventilated with LTV. The Kaplan-Meier estimate of the
median time to death for the HTV group was 163 days post burn (Cl ranged upwards from
124 days), while the median time to death for the LTV was 252 days post burn (CI ranged
upwards from 196 days). Mortality between the HTV and LTV groups was assessed by chi-
square test, by log-rank test,30 and by Cox proportional hazards regression3! adjusting for
age and TBSA. Although the chi-square test suggests that the mortality between HTV and
LTV is significantly different, the test is the least appropriate because it fails to account for
censoring or adjust for effects of prognostic covariates. The log-rank test failed to show
evidence of a significant difference in mortality between HTV and LTV (p=0.10). However,
the log-rank test appropriately accounts for censoring, but makes no adjustment for
differences prognostic covariates. The Cox model provides the most comprehensive test of
differences in mortality between the groups, accounting for censoring while adjusting for
age and TBSA. The model also found no evidence for a significant difference in mortality
between HTV and LTV (p=0.15, Estimate: 0.286, Standard Error: 0.194, Hazard Ratio:
1.318).

The limitations of our study are primarily based on the large span of time between 1986 and
2014. The major differences over time include (1) changes in anesthesiologists and their
extubation techniques, (2) the development of multiple drug resistant organisms (MDRO)
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and the increasing use of antibiotics, and (3) the admission of a more homogenous
population into our burn unit. From 1986 to 1996 (HTV), anesthesiologists prioritized the
early extubation of the endotracheal tube from the patient, while from 1997 to 2014 (LTV)
anesthesiologists would allow the patients to be intubated longer. However, the clinical care
from 1986 to 2014 has been consistently guided by one attending Chief-of-Staff and burn
surgeon to ensure the continuity of care. Although antibiotics such as vancomycin have been
used consistently, noteworthy changes over the past twenty years include the increased use
of colistins in the 2000s, as well as the combination of penicillinase inhibitors with
penicillins. The use of broad-spectrum antibiotics has also increased gradually over time.
Finally, HTV was used between 1986-1996, a time in which the pediatric burned population
was 28% Hispanic, 27% African American, and 43% Caucasian. LTV was used between
1997-2014, a time in which the pediatric burned population was 68% Hispanic, 9% African
American, and 23% Caucasian. This may be because of changing referral patterns over time,
and it is important to note the differences among the ethnicities. The HTV group (1986 to
1996) was primarily from the southern region of the United States with a racial and ethnic
distribution indicative of that time. However, the LTV group (1996 to 2014) included a
higher population of burned pediatric patients from Mexico and therefore a larger Hispanic
population from an underdeveloped versus developed country.

Increased ventilation pressures may increase the chances of ventilator-induced lung injury
(VILI). As illustrated in Table 2, patients with HTV were associated with a 7% increase in
maximum PIP (43 + 18 mm Hg HTV vs 38 + 16 LTV, p=0.0119) and a 7% increase in
plateau pressure (37 + 16 mm Hg HTV vs 33 £ 14 LTV, p=0.0106) compared to LTV.
However, the increases in pressures do not require clinical intervention. The ARDS network
determined that plateau pressure should be no higher than 30 mmHg. Additionally, non-
survivors were sicker than survivors, and thus required a higher PEEP and PIP (Table 3).

The Pediatric Acute Lung Injury Mechanical Ventilation study, which is a compilation of 47
pediatric intensive care units in 11 countries, found that over 25% of pediatric patients
diagnosed with ALI/ARDS were ventilated with tidal volumes above 10 mL/kg.32 Based on
our findings, a randomized trial with high and low tidal volume administration in our burned
pediatric population is warranted. Future studies should explore the differences in lung
compliance and resistance, as well as work of breathing and blood flow, between high and
low tidal volume use. Furthermore, future studies should include the different modes of
ventilation such as high frequency percussive ventilation and airway pressure release
ventilation.

ACKNOWLEDGMENT

The authors would like to thank the staff of Shriners Hospitals for Children-Galveston for their valuable assistance,
especially Vicki Walker, Stacey Brewster, and the respiratory therapy team. We would also like to thank Dr Hal
Hawkins for his assistance in autopsy findings and Dr Kristofer Jennings for his assistance regarding the statistics
of the manuscript.

Support: This work was supported by Grants P50GM060338, R0O1GM056687, R0O1HD049471, H133A120091, and

T32GMO008256 from the National Institutes of Health and Grants 84080, 79135, 71009, 80100, and 71008 from
Shriners Hospitals for Children.

J Am Coll Surg. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sousse et al.

Page 9

ABBREVIATIONS

HTV High tidal volume

LTV Low tidal volume

ARDS Acute respiratory distress syndrome

ALl Acute lung injury

TBSA Total burned surface area

PEEP Positive end-expiratory pressures

PIP Peak inspiratory pressures

Cl Confidence interval
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Figure 1.

Out of 6,743 acute pediatric admissions to the Shriners Hospitals for Children-Galveston
between 1986 and 2014, 932 patients were included in our study. Inclusion criteria were
based on age (0 —18 years at the time of the admission), diagnosis with inhalation injury, and

the need for ventilation.
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Figure 2.
Figure 2 shows a Kaplan-Meier survival curve comparing the LTV and HTV groups; the

log-rank test failed to show evidence of a significant difference in mortality between HTV
and LTV (p=0.10).
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Table 1
Patient Characteristics
Non-ventilated LTV HTV
(n=241) (n=501) (n=190)

Age, y, median 9+58 8+ 56 7+55
Sex, male, n (%) 168 (70) 321 (64) 126 (66)
Hispanic, n (%) 130 (54) 339 (68) 53 (28)
TBSA, % [median] 36 +23[33] 55+ 24 [56] | 59 +23[59]
3'd Degree TBSA, % [median] 24 + 23 [17] 45+ 29[45] | 50+ 29 [53]
Burn to admission, d [median] 9+23[2] 5+21[2] 4+10[1]
Mortality, n (%) 2(1) 77 (15) 42 (22)
Length of stay, d [median] 28 + 28 [22] 41+44130] | 44+34[37]
Nadir PaO,:FiO, 330 £ 112 206 + 137 219 £ 110
Nadir PaO,, mmHg 92+41 79+34 89 +43
Admit pH 74+0.1 73+0.1 74+0.1
Admit base excess, mEqg/L -0.8+38 -21+54 -23+52
Admit hematocrit, % 36+7 35+9 35+9

Data presented as mean + standard deviation.
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Table 3

Characteristics of HTV and LTV Survivor and Non-Survivors

Survivors, HTV | Survivors, LTV | Non-survivors, HTV | Non-survivors, LTV

(n=148) (n=424) (n=42) (n=77)
Age, y [median] 7+5[6] 7+5[6] 4+4[3] 9+6[8]
Sex, male, n (%) 100 (68) 272 (64) 26 (62) 49 (64)
Hispanic, n (%) 36 (24) 285 (67) 17 (40) 54 (70)
TBSA, % [median] 55 + 22 [56] 51 + 23 [51] 71 + 25 [76] 74 19 [78]
31 Degree TBSA, % [median] 46 £ 27 [51] 41 + 27 [40] 65+ 29 [72] 65 + 28 [73]
Nadir PaO,:FiO, 237 £ 99 212 + 140 157 + 127 178 + 121
Nadir PaO, (mmHg) 89 + 26 79+ 34 89+ 77 80 +33
Admit pH 74+0.1 74+01 7.3+0.2 73+0.2
Admit base excess, mEqg/L -15+46 -1.5+438 -5.1+6.2 -52+7.1
Admit hematocrit, % 36+9 35+9 31+10 34+10

Data presented as mean + SD.
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